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Preface 

The idea of a fish book took root in the late 1940s when I became aware that 

there was no single up-to-date work available on the fishes of Wisconsin—a 

state renowned for its lakes, streams, and fishing. The need for a Fishes of Wis- 

consin became obvious when I began teaching ichthyology in the early 1960s and 

discovered that to properly identify the many species scattered in Wisconsin 

waters, I had to consult a number of reference books and texts, since there was 

no single work providing adequate keys and other identification information. 

Source books to which I had to make constant reference were Fishes of the Great 

Lakes Region by Hubbs and Lagler (1964), Northern Fishes by Eddy and Surber 

(1947), Iowa Fish and Fishing by Harlan and Speaker and keys by R. M. Bailey 

(1956), and The Fishes of Illinois by Forbes and Richardson (1920). 

I began making fish collections in 1958, and in the early 1960s the program 

was greatly expanded with the help of teams of students. Each team, working 

in a designated area of the state, brought the collections of preserved fishes into 

the university laboratory at the University of Wisconsin-Stevens Point and with 

my help sorted, identified, and recorded them. The master sheets for these col- 

lections provided the bases of the distribution maps for the species. Many speci- 

mens from the collections contributed to the establishment of a division of fishes 

in the Museum of Natural History at the University of Wisconsin-Stevens Point. 

The thousands of specimens housed in the museum form the core of the present 

study. 
After the completion of my Inland Fishes of the Lake Michigan Drainage Basin in 

early 1976, I began pulling together the species accounts for the Fishes of Wiscon- 

sin. A wealth of information was available in Wisconsin Department of Natural 

Resources research reports and technical bulletins, most of which dealt with 

sport species. I searched the literature to provide a basic life history for each 

species, including behavior and ecological requirements. I learned that for many 

nongame species very little is known. Unfortunately some of these are rare not 

ix
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only in Wisconsin but throughout their ranges. The accounts for these species 
are often fragmentary, and they point up the need for careful investigation to 
ensure the continued existence of such species. 

As I prepared the distribution maps, it became evident that an irretrievable 
loss had occurred in the fish resource. Some species were extirpated. The spe- 
cies composition of Lake Michigan had changed radically within a few decades: 
in some basins several species had been completely eliminated, and exotic fishes 
had established successful populations, especially in waters undergoing exten- 
sive man-related changes. The fish complex was changing rapidly in parts of 
the state—much too rapidly to predict a secure future for some species. 

My concern resulted in the preparation of introductory sections of text dealing 
with the water resource as it affects the fishes; past and present changes in water 
quality and anticipated effects if present demands for water continue; our early 
handling of the fishery resource, the manipulation of the fishery resource today, 
and the future values of fishes. I have suggested changes in management which 
may help to restore an ailing fish resource. Remedial action may be costly to 
implement, but this cost will be insignificant compared with the cost to our 
children who must mourn the missing pieces and who must struggle to reas- 
semble the ecological disruptions we leave behind. 
My taxonomic keys have been tested in a number of fish laboratories, and 

criticisms and suggestions have been honored in the latest revisions. But be- 
cause fish did not evolve into species all fitting neatly into the slots provided 
within an artificial key, the key may break down unexpectedly. I would appre- 
ciate hearing from readers regarding problems with the keys. 

Tam also aware that in the life history accounts new knowledge will replace 
or modify old knowledge. It is difficult to keep abreast of all publications, bits 
of unpublished research, and isolated but important pieces of information. I 
therefore welcome such information and encourage you to write to me at the 
Department of Biology, University of Wisconsin-Stevens Point. Your sugges- 
tions will ensure a better future edition.
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Wisconsin Waters 

Glacial History 

Available evidence indicates that the north central states were affected by at 

least four major glacial periods, which were separated by intervals during which 

the climate was warmer than at present. The last major glacial advance, known 

as the Wisconsin glaciation, moved south as far as mid-America. It is com- 

monly accepted that fish in northern waters moved southward ahead of the lip 

of the advancing ice sheet, and northward as the ice sheet retreated. Students 

of fish distribution have noted that many Great Lakes fishes are related to spe- 

cies of the Mississippi River basin. An explanation for this relationship is found 

when the drainage patterns of the glacial Great Lakes are examined. 

As the ice cap retreated, bodies of meltwater formed in the lake basins carved 

out by the glacier and drained in part into the Mississippi basin. Early in the 

Wisconsin glaciation, the first meltwater lake, known as Lake Chicago, ap- 

peared where southern Lake Michigan is located today; it drained by way of 

the Illinois River southwestward into the Mississippi River. Approximately 8 to 

9 thousand years ago, when most of the Great Lakes were freed of glacial ice, 

an emerging Lake Superior, known as glacial Lake Duluth, drained southward 

by way of the St. Croix River into the Mississippi River system (see map, Main 

Algonquin stage). During the same period, Lake Ontario (glacial Lake Iroquois) 

drained eastward into the Hudson River system, providing an early entryway 

for Atlantic drainage fishes into the Great Lakes. 
The present lakes and streams of northern and eastern Wisconsin have been 

largely shaped by past glaciations. The southwestern quarter of the state, how- 

ever, lacks the features of erosion and deposition brought about by the conti- 

nental glacier (see map of glacial lobes and the driftless area). This is the drift- 

less area of Wisconsin, famous the world over because it is completely surrounded 

3
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Main Algonquin stage (slightly modified from J. L. Hough Geology of the Great Lakes, p. 294. 
University of Illinois Press, Urbana. © 1958 by the Board of Trustees of the University of Illinois) 

by glaciated regions: “It preserves a large sample of what the rest of Wisconsin, 

as well as northern and eastern United States, were like before the Glacial Pe- 

riod. Within the belts covered by the gigantic continental ice sheets of north- 

eastern North America and northwestern Europe there is no similar region of 

substantial size which was left bare of glacial ice” (Martin 1932:82). Black (1959) 

suggested that early ice of the Wisconsin glaciation may have extended farther 

into the driftless area than is shown on most published maps. 

The most sharply contrasting ecological conditions over wide areas of the 

state are between the driftless area and the area once covered by the glacier 

and glacial drift. Greene (1935:223-224) noted: 

Compared with the drift-covered area, the Driftless Area is rugged. Its central portion is 
floored principally by the Potsdam sandstone formation. In the northeast and extending 
in tongues down the valleys of the Black and Wisconsin rivers, the Archean granitic 

rock appears, while in the west and southwest the sandstone, overlain by a layer of 
limestone, is exposed only in the stream valleys. . . . The erosional system in the Drift- 
less Area has been at work over a relatively long period of time and streams have carved 
for themselves a mature, efficient drainage system. Swampy conditions are localized in 
the lower relatively flat river valleys, and the only natural lakes are Pepin and St. Croix, 
formed in the courses of the Mississippi and St. Croix rivers respectively by delta dams. 

The gradients of the streams in the driftless area are regular, with no natural 

swamps and no lake reservoirs. Such streams are subject to extreme fluctuation 

following wet and dry periods, and communities situated in their floodplains 

are subject to periodic flooding. 

In the glaciated regions, streams are controlled by slopes which are not gen- 

erally conducive to efficient runoff. In these regions, lakes, ponds, and marshes 

are the usual features. The phrase “imperfectly drained” is commonly used in
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The glacial lobes at the Wisconsin stage of glaciation and their relation to the driftless area (after 

Martin 1932:87) 

describing an area of youthful streams; such streams and their associated swamps 

and lakes are characterized by relatively constant volumes of water. 

Because isolation is a known mechanism in the formation of new species of 

animal organisms, it has been suggested that new forms may have evolved within 

waters of the driftless area and may have been added to the varieties that moved 

in as the glacier retreated. The evolution of the largescale stoneroller (Campos- 

toma oligolepis) has been ascribed to isolation within the driftless area of a sto- 

neroller (Campostoma sp.) ancestor, and Greene (1935) argued that the driftless 

area was the center of distribution of the largescale stoneroller. 

Water Resources 

On the geological time scale, the Great Lakes are very young, their beginnings 

dating from only about 20 thousand years ago (Ragotzkie 1974). In area, Lake 

Superior, the largest and deepest of the Great Lakes, is the largest freshwater 

lake in the world. Superior is also the purest of the Great Lakes, its water con-
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taining only 52 ppm total dissolved solids. It lies in the path of outbreaks of 

polar air from central Canada, and is subject to long and cold winters. Lake 

Superior is close to being an arctic lake, and certainly can be classified as sub- 

arctic. 
Lake Michigan, the world’s sixth largest lake in both area and volume, is the 

only one of the Laurentian Great Lakes that lies entirely within the boundaries 

of the United States (Wells and McLain 1973). It resembles a long cul-de-sac 

and therefore flushes poorly, especially at its southern end. Its natural drainage 

is eastward through the Straits of Mackinac into Lake Huron, although 91 cms 

(3,200 cfs) is now being diverted from the Michigan basin through the Chicago 

Sanitary and Ship Canal. These waters flush the partly treated wastes from 

Chicago into the Illinois River. Elsewhere I have suggested that the Chicago 

Sanitary and Ship Canal between the Great Lakes and the Mississippi water- 

shed serves as a potential passageway for fish between these major watersheds 

(Becker 1976). 

Characteristics of Lakes Superior and Michigan 

Elevation Total 

Drainage Mean Maximum Above Sea Dissolved Mean 

Lake area Basin Area Depth Depth Level Solids, 1968 Discharge 

Lake (km?) (km?) (m) (m) (m) (ppm) (m/sec) 

Superior 82,103 125,356 149 406 184 52 2,076 
Miehget 87700 NG 08) 8 ON  _ 

Wisconsin has numerous inland lakes created by glacial action. The largest, 

Lake Winnebago, is 45.2 km long and 16.9 km wide, covers an area of 557 km?, 

and has a maximum depth of 6.4 m. The deepest lake is Green Lake (Green 

Lake County), which covers 29.5 km? and has a maximum depth of 70.1 m (Wis. 

Dep. Nat. Resour. 1974). A total of 14,949 inland lakes have been documented; 

they cover almost 400,000 surface hectares (1 million surface acres). Named lakes 

number 5,695 and account for 95% of all lake surface (Les and Polkowski 1976). 

Wisconsin has abundant water of good quality (U.S. Geol. Surv. 1976). The 

state is also crossed by 53,000 km (33,000 mi) of streams. Wisconsin has a northern 

climate typical of the continental landmass, characterized by average air tem- 

peratures of 18.9 to 21.7°C (66-71°F) in July and —5.6 to —12.2°C (22-10°F) in 

January (Threinen and Poff 1963). Moderate air temperatures coupled with large 

volumes of groundwater moving laterally into streams provide conditions fa- 

vorable for trout. Wisconsin has over 1,500 trout streams with a combined length 

of 14,025 km (8,690 mi) (Kmiotek 1974). 
Precipitation on land and water surfaces starts a pattern of circulation called 

the water cycle. Some of the water runs rapidly off the land surface into nearby 

streams and lakes to become surface runoff; some water evaporates immedi- 

ately from the surface soil and plants; some returns to the air from plants through 

transpiration; and some seeps down through soils and rocks, reaching subsur- 

face reservoirs (groundwater recharge) that eventually contribute base flow to 

streams and lakes. 

More than two-thirds of the water that enters Wisconsin from precipitation 

leaves by evapotranspiration—the return of water to the atmosphere by a com-
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bination of evaporation from open water, foliage surfaces, the land surface, and 

transpiration from plants. 

The average precipitation is 790 mm (31 in); the greatest amount falls in the 

southwestern and north central parts of Wisconsin. The average yearly stream- 

flow or runoff leaving the state is equal to 25 cm (9.7 in)—which is 98 billion 

liters (26 billion gallons) per day, enough to fill Lake Winnebago 1,200 times in 

one year (U.S. Geol. Surv. 1976). 

The exact amount of water in subsurface groundwater reservoirs changes from 

year to year, but increases and decreases balance out and the net change is 

zero. Not all of the groundwater discharged to lakes and streams is measured 

in streams leaving the state. Some is discharged directly to Lake Superior and 

to Lake Michigan, and some moves across the state line to Illinois. 

Lakes and streams are replenished by precipitation on their surfaces, by 

overland flow, and by groundwater discharging into them. Nearly two-thirds 

of the streamflow in Wisconsin is contributed by groundwater bodies. The con- 

stancy of stream flow is controlled by many factors, including the number of 

lakes and wetlands, channel gradients, amount and type of vegetation, varia- 

tions in geology and soil cover, size of the groundwater contribution, and man’s 

regulation of surface reservoirs. Kettle lakes, occupying depressions in the land 

surface formed by glacial ice, are fed by groundwater discharging as seeps or 

springs. 

The flow rates of selected streams from the Mississippi River, Lake Michi- 

gan, and Lake Superior drainage basins of Wisconsin follow. With few excep- 

tions, the discharge rates of streams into Lakes Michigan and Superior are low. 

Flow Rates of Selected Wisconsin Streams 

Drainage Area Average Discharge 

Basin, River, and Station km? (mi?) cms (cfs) 

Mississippi River Basin 

Mississippi, McGregor (lowa) 174,870 (67,500) 936.4 (33,090) 

Wisconsin, Muscoda 26,684 (10,300) 240.3 (8,491) 
Chippewa, Durand 23,342 (9,010) 209.5 (7,404) 
St. Croix, St. Croix Falls 15,363 (5,930) 117.3 (4,144) 
Black, Galesville 5,492 (2,120) 46.5 (1,643) 
Pecatonica, Martintown 2,679 (1,034) 19.1 (674) 

Rock, Rockton (III.) 16,479 (6,361) 103.5 (3,658) 
Lake Michigan basin 

Menominee, McAllister 10,415 (4,020) 96.0 (3,392) 
Oconto, Gillett 1,756 (678) 16.2 (572) 
Fox, Wrightstown 15,933 (6,150) 117.2 (4,140) 
Milwaukee, Milwaukee 1,777 (686) 10.8 (382) 
Root, Racine 484 (187) 3.9 (137) 

Lake Superior basin 

Brule, Brule 311 (120) 48 (171) 
Bad, Odanah 1,583 (611) 17.3 (611) 
White, Ashland 723 (279) 8.2 (289) 

Source: U.S. Geological Survey (1974). 

Water Uses 

A total of 12 billion liters (3.1 billion gallons) of water was withdrawn daily from 

lakes, streams, and the groundwater reservoir to meet the needs of Wisconsin 

homes, factories, and farms in the early 1970s. This did not include the water 

used each day for generating hydroelectric power. Most of the water withdrawn
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Use of Water in Wisconsin (millions of liters per day) 

Source and Type of Supply 

— Groundwater s~*~*«~S~*~*«SS face Water 
_PoblicSupply “Public 

TO Private Supply Private 
Use Municipal Other Supply (Municipal) Supply 

Domestic 235.0 15.5 266.1 271.4 0 
Industrial and commercial? 344.4 49 350.1 471.2 821.7 
Thermal-electric cooling 0 0 0 0 8,168.0 

Irrigation 68 0 123.0 9.8 74.6 
Stock 0 0 207.8 0 59.0 
Other 158.2 10.6 42.4 210.8 49 

Subtotal 744.4 31.0 989.4 963.2 9,128.2 
Total 1,764.9 10,091.4 

Source: U.S. Geological Survey (1976). 

*Excluding thermal-electric cooling. 

for all uses was returned to streams and lakes for possible reuse, although often 

in somewhat modified form. 

About 210 billion liters (55 billion gallons) per day of Wisconsin’s river water 

passed through turbines to generate about 1.6 billion kilowatt hours of hydro- 

electric power. Most of this power was generated on the Wisconsin, Chippewa, 

Menominee, St. Croix, and Fox rivers (U.S. Geol. Surv. 1976). There were 1,600 

dams from 1.8 to 21 m high in Wisconsin; of these, about 125 produced water 

power of more than 750 horsepower each. 

Surface waters are still used as a water source by a number of Wisconsin 

municipalities. In 1970, 12 communities in Wisconsin were supplied by treated 

Lake Michigan water, and 3 communities were supplied from Lake Superior 

(Ruedisili 1972). Three communities were supplied by the Fox River, 1 commu- 

nity obtained water from Lake Winnebago, and 4 communities used surface 

waters from the Mississippi River basin. All other communities depended en- 

tirely upon groundwater. 

Drilling approvals for irrigation purposes in Wisconsin jumped from about 

14 per year in 1958 to 147 in the early 1970s (Calabresa 1977). In 1976, 330 ap- 

provals were issued. Most irrigation well development in the late 1950s oc- 

curred in the sand plains from the Whiting-Plover area south to Columbia and 

Adams counties; in parts of western Waushara and Waupaca counties; around 

Antigo; and in sand and gravel deposits of the Sarona, Rice Lake, and Chetek 

region. According to Calabresa, expansion of irrigation into new areas of the 

state will continue. Since the early 1960s, it has spread along the Wisconsin 

River between Sauk City and Gotham, as well as to Chippewa County, the Eau 

Claire area, St. Croix County, Green County, Walworth County, and other scat- 

tered places. In 1977, 240 permits were issued in Wisconsin for the diversion of 

surface water for irrigation, and an equal number of permit applications were 

pending. 
Although irrigation is an intermittent activity that varies with normal precip- 

itation and is carried on for only about 45 days a year, it is a highly consump- 

tive use which reduces the amount of water reaching lakes and streams. In the 

central sand plains of Wisconsin, groundwater withdrawal has exceeded re- 

charge and affected streamflow. It is estimated that during a severe drought 

depletion of summer streamflow could reach 60% of natural flow in Big Roche 

a Cri Creek and 90% in Tenmile Creek (Hine 1970, Weeks and Stangland 1971). 

Such severe reductions in stream stage could adversely affect trout by dimin-
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ishing living space and food supply, and by allowing warming of the depleted 

waters above trout tolerance. 

In Wisconsin, surface water may be taken directly from streams provided it 

can be demonstrated that it is surplus water. According to Wisconsin law, sur- 

plus water is any water of a stream which is not beneficially used. Beneficial 

users can be any private riparians on the stream: irrigators, owners of hydro- 

electric and nonhydroelectric dams, holders of discharge permits, industries 

connected to municipal systems, and suppliers of public water. 

Provision is also made to protect public rights on a stream by assuring that 

an adequate flow remains to protect fish and the aquatic habitat. The public 

rights stage is defined as minimum water level to be sustained, as determined 

by an analysis of the components of the public rights in streams. These com- 

ponents include navigation, fish and wildlife, water-based recreation, esthetic 

enjoyment, and preservation of water quality. In large streams, if a stage can- 

not be determined but the investigator feels that there are fishery values or 

other public rights to be protected, the mean annual flow or the 7-day, 2-year 

low flow may be used to define the public rights requirement. 

Special consideration is accorded to recognized trout streams, and no new 

permits may be issued for the diversion of water from any trout stream without 

the permission of the Wisconsin Department of Natural Resources. Consent must 

come from the district staff specialist for fish management, who grants “prior 

written approval.” In the interest of conservation the department may also hold 

hearings to revoke permits for the diversion of water from trout streams. 

More consideration must be given by public agencies to the definition of 

“surplus water.” Normal water levels are extremely low during the months of 

July and August, when demands for the diversion of irrigation water are at 

their peak. This is also the critical period of the year for trout, since high air 

temperatures, coupled with low water levels, put severe physiological stress on 

trout and other fishes that require cool water temperatures for survival. A good 

argument can be made that in years of normal flow there is no surplus water 

for such coldwater species, and that removal of any water will allow high sum- 

mer air temperatures to elevate the reduced water volume downstream from 

the site of water removal to critically high temperatures. When this occurs, one 

to several kilometers of trout water may be lost on the lower portion of the 

stream. According to Oehmcke and Truax (1964), in the Wolf River low flows 

and excessive irrigation on feeder streams have caused a warming of the water 

and destruction of the trout habitat. 

Water policy evolution and a basic guide to water rights in Wisconsin have 

been summarized by Scott (1965) and Hine (1971), respectively. Zaporazec (1974) 

has compiled a bibliography and index of Wisconsin groundwater problems from 

1851 to 1972. 

The Pollution Problem 

Wisconsin has a proud record of pollution regulation—from the first antipollu- 

tion laws of the 1860s to the sweeping enactments of the 1960s. However, the 

last few decades of industrial and population expansion have so accelerated
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water pollution that it has become a major problem. In a report prepared for the 

Wisconsin Legislative Reference Bureau, S. Parker (1971:5) commented: 

A partial list, past and present, of what has found its way into Wisconsin waters shows 
the staggering extent of the pollution problem: nitrogen and phosphates from the new 
detergents; mercury, arsenic and cyanide from waste treatment facilities; numerous pa- 
per and pulp mill wastes such as wood fibers, sugars, sulfur, calcium, magnesium and 

ammonia; oil from leaking storage tanks, ruptured pipelines and outboard motors; ma- 
nure and fertilizers from farmlands; pesticides, de-icers and eroded soil; daily tons of 

garbage and human wastes in the form of treated or raw sewage from inadequate septic 
tanks and drainage systems, overloaded municipal sewer facilities, pleasure boats and 
ships; the sandy wastes of taconite mining and the thermal pollution of power plants. 

This appalling outpour is aging the lakes prematurely by siltation and accelerated algae 

and weed growth, robbing the waters of oxygen, raising temperatures beyond levels 
suitable for aquatic life, spoiling recreational areas, and exposing humans and wildlife 
alike to noxious infections and potentially toxic substances. Municipalities, dependent 
on polluted lakes and rivers for the raw water they must treat to supply citizens with 
water pure enough for domestic use, are finding the process more difficult and costly. 

Building and road construction, street runoff, litter, and all predominantly 

urban activities that potentially add pollutants to streams are also recognized as 

serious problems. The effects on water quality of urban management practices 

commonly used to alleviate such pollution have been reviewed by Oberts (1977). 

According to S. Parker (1971), a great share of the pollution in this state comes 

from the paper and pulp mills clustered along the Wisconsin River and along 

the lower Fox River. Van Horn et al. (1949) demonstrated that waste waters from 

kraft paper mills were toxic to spotfin shiners and emerald shiners; they noted 

that when sufficient amounts of receiving water were available for dilution of 

such toxic wastes, the mixture became safe for fish and other organisms. 

Municipal sewage plants rank second as major polluters. By the end of 1970 

there were 475 municipal treatment plants in the state, nearly 20% of which 

offered only primary treatment—a system of screens and settling tanks which 

remove the heaviest one-third of the suspended solids and discharge the re- 

mainder into streams and lakes. The other treatment plants provided secondary 

treatment, 90% effective, in which bacteria, placed in contact with the sewage 

in trickling filters or oxygen-activated sludge, consume the organic portion of 

the wastes. S. Parker (1971:7) noted: 

There are a variety of reasons why municipal plants are such big polluters. Growing 
populations and new industries have overloaded many plants, lowering the normal effi- 
ciency of operation and decreasing the percentage of pollutants removed from the ef- 
fluent. 
Many cities still have a combined sewer system carrying both sanitary sewage and 

storm water overflow. Heavy rains flood the system, discharging raw sewage into the 
lakes and streams. For example, when rains overflow Milwaukee’s combined system, an 
extra 10,000 pounds of oxygen-demanding organic material per day pours into the water- 
ways in addition to the normal daily runoff of 9,000 pounds. 

The pollution of groundwater is a newly evolving problem. Pollution sources 

include industrial wastes, salt used for de-icing Wisconsin roads, spilled oil and 

gasoline, garbage dumps, barnyards and feedlots, septic tank effluents, and 

detergents, as well as such natural sources as sulfates, sulfides, and chlorides 

(Ruedisili 1972). Septic tank wastes, sinking into the ground, may contaminate 

the groundwater source used as a water supply. Crabtree (1972) found danger-
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ous nitrate levels in 70% of the wells tested in Marathon County. Nitrate con- 

centrations of more than 45 ppm can cause methemoglobinemia, an illness in 

which the blood is unable to carry oxygen to the cells of the body; the victim 

turns blue and eventually dies of oxygen starvation. The biggest threat is to 

babies who are given water from contaminated shallow groundwater aquifers. 

Pollution From Heavy Metals 

Ecological problems related to heavy metals arise when metal pollutants pass 

into ecosystems and end up in human food (Mount et al. 1970). Authorities 

have already indicated that the quantities of lead and cadmium in the diets of 

North Americans may be near the limit compatible with human health. Mer- 

cury contamination in fish has reached levels too high for fish to be safe for 

human consumption in many parts of the world. 

In the Milwaukee, Racine, and Kenosha areas, metal wastes discharged into 

the air, water, and soil amount to more than 200,000 kg annually (Konrad and 

Kleinert 1974). These include arsenic, beryllium, cadmium, chromium, copper, 

lead, mercury, nickel, selenium, and zinc. An additional 70,000 kg of metal waste 

is discharged by lesser manufacturing centers over the state. 

In Wisconsin, the highest mercury deposits have been found in waters below 

industrial discharges (chlorine—-caustic soda plants and paper plants) (Konrad 

1971). Significant amounts of mercury have also been found below several sew- 

age treatment plants, along with other heavy metal contamination. 

All Wisconsin fish analyzed in two studies contained some mercury (Kleinert 

and Degurse 1971, 1972). The mercury content varied in different species, and 

the larger fish often contained higher concentrations of mercury than smaller 

fish of the same species taken from the same water. Walleyes, suckers, red- 

horse, crappies, and bullheads frequently had high mercury concentrations; the 

panfishes, including bluegills, pumpkinseeds, and yellow perch, had low con- 

centrations. Fish samples taken from the following areas had average mercury 

levels above the 0.5 ppm guideline established by the U.S. Food and Drug Ad- 

ministration: the 565-km sector of the Wisconsin River below Rhinelander, the 

65-km sector of the Flambeau River between the Town of Cedar Rapids (Rusk 

Co.) and the junction of the Chippewa River, and the 81-km sector of the Chip- 

pewa River between the mouths of the Flambeau and Eau Claire rivers (Kleinert 

and Degurse 1972). Fishermen were warned to limit consumption of fish from 

these waters to one meal per week. 

Levels of cadmium and chromium in all Wisconsin fish analyzed were 

less than 0.5 ppm (Kleinert et al. 1974). Arsenic, lead, zinc, cadmium, and 

chromium were not present in sufficient amounts to constitute a hazard to con- 

sumers. 
Through the persistent application of copper sulfate for noxious plant con- 

trol in lakes, large quantities of copper have been deposited on bottom sub- 

strates. In the waters of Lake Monona (Dane County), a buildup of 440 ppm 

was noted in the deeper layers of the mud bottom (15-17.5 cm), compared to 

327 ppm in the top 2.5 cm (Antonie and Osness 1963). Hasler (1949), in review-
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ing the toxicity of copper treatments, found that even a single application of 

this substance may cause serious disturbances in the balance of aquatic envi- 

ronments. 

Pesticides and PCBs 

Among the toxicants causing great concern are the polychlorinated biphenyls 

(PCBs). Adult mink reproduction failures and mortality have been traced on 

many occasions to the eating of PCB-contaminated fish. PCBs have been impli- 

cated, along with chlorinated hydrocarbon pesticides, in the decline of raptors 

and fish-eating birds (Martin 1977). Insofar as is known, PCBs have not been 

implicated in observed fishkills in the wild, although laboratory investigations 

indicate the possibility that chronic low level ingestion of PCBs may adversely 

affect fish reproduction and/or growth rates. Ragotzkie (1974) reported that PCBs 

are known to affect the prenatal development of humans, and are carcinogenic 

to primates. PCBs have turned up in the milk of nursing mothers, and bird 

researchers have linked them with reproductive failures among aquatic birds of 

the Great Lakes. 

In 1977, the Wisconsin Department of Health warned against eating more 

than one meal (one-half pound) of PCB-contaminated fish a week. The warn- 

ing specifically included carp, trout, and salmon more than 51 cm (20 in) long 

from Green Bay and Lake Michigan; bullheads and catfish from southern Green 

Bay; catfish, carp, and white bass from the Mississippi River from Prescott 

through Lake Pepin; all fish except perch and northern pike from Little Lake 

Butte des Morts, and from the lower Fox River between Lake Winnebago and 

Green Bay; redhorse suckers and carp from the Milwaukee River between its 

mouth and Thiensville; carp from the Pike River (Kenosha County); and carp 

from the Root River between its mouth and the Horlick Dam. It was further 

recommended that nursing mothers, pregnant women, and any women who 

anticipated bearing children in the future, as well as children under six, not eat 

any of these fish. In early 1978, fish in three Sheboygan County streams were 

found to be contaminated with PCBs considerably above the allowable level of 

5 ppm, and waters were posted against their consumption. 

Of the 635 million kg of PCBs produced since 1929 (manufacture has now 

stopped in this country), an estimated 48 million kg were free in the environ- 

ment in 1977. According to the U.S. Environmental Protection Agency, 345 mil- 

lion kg are still in use, mostly in transformers and in large and small high- and 

low-voltage capacitors (Stevens Point Daily Journal 7 June 1977). 

Thermal Pollution 

Our nation’s economy is heavily dependent on electrical energy, and the de- 

mand for this energy is increasing rapidly. In the Great Lakes region, steam 

electric generating plants operate with open-cycle cooling systems, which gen- 

erally eject waste heat directly into public waters. Unfortunately, open-cycle 

cooling damages or destroys large numbers of fish, as well as other aquatic 

organisms that serve as food for fish (Edsall 1976).
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Edsall calculated the expected growth of the electricity-generating industry 

on Lake Michigan from 1968 to 2000 and estimated daily water consumption 

and the percentage of littoral zone waters that would be used (1976:456): 

Flow Percentage of Littoral Zone 
Year (cms) Waters Used per Day 

1968 188 0.082 
2000 2,582 1.124 

The above estimates were developed under the assumptions that stations would 

operate at 100% capacity and that the temperature of the cooling water would 

rise by 11°C (20°F). The littoral zone waters occupy the shoreline to the 9-meter 

depth contour. 

Edsall (1976) and Tait (1973) noted that the littoral waters are used by almost 

all the fish in a large lake. The warmwater fishes of the Great Lakes are essen- 

tially permanent residents of the littoral waters. Species such as the lake trout 

and most whitefishes, generally inhabitants of the cold waters farther off shore, 

use the littoral waters during the cool portions of the year as feeding and spawn- 

ing grounds, and also as nursery areas for their young. Several species of trout 

and salmon, and various other species which ascend tributary streams to spawn, 

must pass through the littoral waters on their way to and from the spawning 

grounds; and their offspring must pass through these waters when they migrate 

from the spawning streams to the open waters of the Great Lakes, where they 

grow to maturity and harvestable size. Studies clearly show that large numbers 

of fish are killed by impingement on intake screens of power plants and that 

fish eggs and fry are being entrained at power plants, with resulting high mor- 

tality. 

During the years 1975-1976, an estimated 2,754,118 fish weighing a total of 

49,630 kg were sucked into the cooling water intake of the Oak Creek power 

plant (Milwaukee County) (P. Hayes, The Milwaukee Journal 17 October 1976). 

Scientists estimated that more than 90% of these were alewives and smelt, but 

635 trout and 190 salmon were also counted. At four power plants—Point Beach 

north of Manitowoc, Port Washington, Lakeside at St. Francis, and Oak Creek— 

almost 6 million fish weighing 149,053 kg were caught on the intake screens. Of 

these, 6,863 were trout or salmon weighing a total of 4,191 kg. At the same time, 

millions of newly hatched fish, fish eggs, and plankton were being sucked through 

the screens into the plant and then ejected, often with killing effect. 

Investigators have noted that high concentrations of predator fish may gather 

in the plume from a thermal outfall; the fish are attracted by the abundance of 

food organisms (including other fish) which have passed through the cooling 

system, and which may be damaged or dead. Reports of mortalities caused by 

heat shock, cold shock, air embolisms, and chlorine treatment of cooling water 

are available in the literature. 

According to Tait (1973), pesticides and heavy metals accumulate in the bod- 

ies of fishes much more rapidly in water of high temperatures. It has also been 

shown that some disease outbreaks in fish are much more severe at high envi- 

ronmental temperatures, and the concentration of fish in thermal plumes may 

facilitate the passage of disease organisms from one fish to another.
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Acid Precipitation 

Acid precipitation, resulting from wind-borne sulfur oxides from coal-burning 

industries and nitrous oxides from automobile exhausts, is a potential threat to 

fish life in approximately 80% of the lakes in the Northern Highland region of 

Wisconsin (Eilers et al. 1979, Staats 1979). Too much acidity in water can kill or 

deform fish; and, as has already occurred in 90 lakes in New York’s Adirondack 

Mountains, a pH of about 4.5 renders waters fishless. Acid water releases toxic 

heavy metals such as mercury, copper, lead, manganese, nickel, zinc, and alu- 

minum from the bottom sediments and permits them to get into the fatty tissues 

of fish. High levels of mercury in inland lake fish of the Lake Huron basin have 

already been linked with acid rain, and high levels of toxic metals in tributaries 

are known to deter Great Lakes fish from using those streams for spawning. 

The problem of acid precipitation in Wisconsin is currently (1980) being studied 

by state and federal agencies. 

Eutrophication: Enrichment of Waters 

In its infancy, a lake contains sterile waters which are clear, low in minerals, and 

low in algae and aquatic plants. The bottom water strata carry a good supply of 

oxygen all year round, along with low numbers of coldwater fishes. Such bodies 

of water are oligotrophic (low in nutrient levels). The Great Lakes up to the 

1900s were good examples of oligotrophic waters, and Lake Superior is still clas- 

sified as oligotrophic. 

Over a period of time, however, as large quantities of nitrogen and phospho- 

rus compounds wash into a lake (from natural sources, but also very largely 

from organic wastes produced by man and his activities), the water turns cloudy, 

and heavy algal blooms and thick mats of aquatic plants overrun the shallows. 

The bottom water strata in this now eutrophic (enriched) lake carry a poor sup- 

ply of oxygen, and eventually will sustain only the most tolerant of warmwater 

fishes, such as bullheads and minnows. Materials are deposited rapidly upon 

the bottom of a eutrophic lake, the depth of the lake decreases, and eventually 

the lake fills in and disappears. This is the inevitable history of all lakes. 

Fortunately, most Wisconsin lakes are only moderately eutrophic. Yet even 

Lake Michigan is becoming eutrophic in Green Bay and around the populated 

southern end of the lake. Numerous lakes in southern and central Wisconsin, 

and some in northern counties, are becoming choked with weeds and algae 

during the growing season. This process interferes with boating, swimming, 

fishing, and other recreational pursuits, and may lead to a sharp reduction in 

property values as desired lake values disappear. It is responsible for winterkills 

and summerkills of fishes. 

Millions of state and federal dollars are being spent to slow down or reverse 

the eutrophication process. In Wisconsin a number of techniques have been 

used to control eutrophication. Lake flushing and dilutional pumping of Snake 

Lake (Vilas-Oneida counties boundary) have resulted in lowered phosphorus 

concentrations, the elimination of nuisance blooms of duckweed, and deepened 

littoral areas where compaction of the bottom followed drainage (Born et al. 

1973a). The Marion Millpond (Waupaca County) generally exhibited less plant
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growth in areas where plastic sheeting and sand blankets were applied to the 

bottom than in untreated areas (Born et al. 1973b). In Horseshoe Lake (Manito- 

woc County), nuisance algal growth was curbed, transparency of the water im- 

proved, and dissolved oxygen increased by removing phosphorus from the water 

with the application of alum (Peterson et al. 1973). 

A lake ringed with cottages, each equipped with its own septic tank system, 

soon becomes seriously eutrophic because of failure of the systems and seepage 

of enriched effluents into the lake. Relief for such a lake is immediate when it is 

surrounded by a sewer system that carries wastes to a treatment plant and di- 

verts effluent waters out of the lake's basin. 

Since the 1960s we have become increasingly aware that the marshes and 

swamps which surround a lake play an important role in its well-being. These 

wetlands are natural sponges which hold water and prevent floods; they are 

natural filters which remove organic nutrients from the waters flowing through 

them; and they are a vital refuge for fish and wildlife. Unfortunately, only about 

half (1 million hectares) of the wetlands natural to Wisconsin remain today (Harris 

and Sauey 1979). Of these, roughly 640,000 hectares are in private ownership 

and are particularly vulnerable to degradation and destruction. 

Selected papers dealing with stream pollution, waste water, and water treat- 

ment are presented by Tarzwell (1960, 1965) and Keup et al. (1967). Nichols 

(1974) reviewed techniques for the control of nuisance aquatic plants, and Dunst 

et al. (1974) have prepared an extensive survey of techniques used in the reha- 

bilitation of lakes. 

Solving Pollution Problems 

In recent years, advances in the treatment of waste water have progressed to 

the point where the product water is of high quality and purity. For example, 

the South Lake Tahoe sanitary district, using the physiochemical system for 

treatment of sewage wastes, created with its effluent water an artificial reservoir 

which supports a healthy population of rainbow trout and provides unrestricted 

recreation, including boating, water skiing, and swimming (Stevens 1971). The 

closed-cycle concept (the complete renovation of waste water and its immediate 

reuse) is not new. Culp and Culp (1971:2) noted: 

All municipal wastewater could be completely eliminated as a source of pollution in the 
United States and converted to a quality adequate to provide a valuable water resource 
for nearlyunrestricted reuse at a national cost of about 75 cents per person per month. 

A system has been proposed which would eliminate, by planned stages, all 

discharge of industrial and municipal wastes into the Wisconsin River and its 

tributaries (Becker and Holland 1972). The plan calls for the most up-to-date 

treatment systems, and would eliminate discharge into public waters of raw, 

partly treated, and totally treated wastes. The clear, reusable water coming from 

centralized plants along the main stem of the river would be piped back for 

reuse to industries and municipalities. Any additional water needed would come 

from groundwater sources, but not from the basin’s surface waters. The objec- 

tive is to allow the natural systems of the rivers to reestablish themselves and 

to avoid the many problems resulting from the contamination of our lakes and 
streams.
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Perhaps the most difficult obstacle to overcome in the implementation of such 

a plan is our own thinking regarding waste water disposal. For too long we 

have accepted the assumption that wastes must be released into the nearest 

river or lake. Hence we have many problems, some of which are becoming so 

serious that man’s well-being is threatened. Enough studies have been made to 

demonstrate that water pollution catastrophes are very expensive and that the 

cheapest way to handle wastes is to treat them at or near the source, where 

they can be effectively converted into useful products or safely contained. 

Continued pollution of our public waters will result in fishes becoming charged 

with higher levels of toxic wastes. Should this trend continue, ultimately man 

will be able to eat only those fish which are raised under carefully controlled 

conditions. Safe foods from public waters are already becoming increasingly 

rare; and just as problems have already arisen with mercury, DDT, Mirex, and 

PCBs, other problems—as yet not identified—are sure to surface. Today’s most 

urgent problem is acid precipitation; it threatens the fishery resource in many 

northern Wisconsin lakes and may be uniquely difficult to control, since the air- 

borne toxicants may be originating from locales thousands of kilometers away. 

Our present efforts to control pollution problems are not succeeding. As 

population and industrial growth continue, we attempt to control increasingly 

complex wastes with antiquated and ineffectual treatment methods. Official 

pollution control agencies are still recommending for most municipal and in- 

dustrial wastes primary and secondary (rarely tertiary) treatment systems— 

systems which are capable of coping neither with the present volume of waste 

water nor with the extraction of toxic substances. The sophisticated means 

available for waste control are dismissed as being too expensive. Frustrated, 

some observers have suggested that in the light of present trends man may be 

forced to adopt an enclosed environment, a sterilized test-tube culture, to en- 

sure his own survival.
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Early Limnological and Fishery Research 

The University of Wisconsin has long been a leader in the science of limnology, 

which deals with the physical, chemical, meteorological, and biological condi- 

tions of ponds and lakes. Many basic limnological studies were conducted by 

the team of E. A. Birge and Chancey Juday, who contributed a legacy of more 

than 400 publications produced over more than four decades, beginning in the 

last quarter of the nineteenth century. Their enormous impact on the science of 

limnology is described at length by Frey (1963). 

The Birge-Juday research attracted scientists from many foreign countries to 

Madison, Wisconsin. Basic research from 1940 to 1961 in such areas as plank- 

ton, odor detection by fish, homing migrations in fish, sun orientation in fish, 

and the chemical composition of bottom muds, has been summarized by A. D. 

Hasler (1963). The identification, investigation, and control of biologically asso- 

ciated problems in freshwater environments, based on Wisconsin experience, 

are discussed by Mackenthun et al. (1964) and Mackenthun and Ingram (1967). 

The earliest list of fishes from Wisconsin was provided by Lapham (1846:71): 

Among the fish afforded by our lakes and rivers are whitefish, salmon, sturgeon, perch, 
bass, suckers, herring, pickerel or muskellunge, trout, catfish, sheep’s head, lawyers, 

and many others, nearly all valuable as articles of food for man. They are caught in large 
quantities, and some are exported. The Indians at the north, where game is scarce and 
where agriculture has not yet been introduced, live almost exclusively upon fish, which 
are caught in vast quantities at the mouths of the rivers. The excellent qualities of these 
fish for the table are too well known to need description here. 

Between 1872 and 1877, P. R. Hoy published a series of articles on Wisconsin 

fishes, culminating in 1877 (Hoy 1883) with a list of over 100 species, the long- 

18
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est list of Wisconsin fishes compiled to that time. Other early papers dealing 

with Wisconsin fishes were those by Marshall and Gilbert (1905), Wagner (1908, 

1910a, 1910b, 1911), and A. S. Pearse (1918, 1921a, 1921b, 1924a, 1924b). In 1927, 
C. W. Greene reported 141 species of fish known from Wisconsin, and A. R. 

Cahn recorded 90 species from the Waukesha County area. W. Koelz’s monu- 

mental work on the coregonid fishes of the Great Lakes appeared in 1929; Koelz 

drew heavily from fish collected from Wisconsin's inland lakes and from Lakes 

Michigan and Superior. 

To date, the most significant contribution to our overall knowledge of Wis- 

consin fishes and their distribution is Greene’s The Distribution of Wisconsin Fishes, 

which appeared in 1935. His work, a joint effort of the Wisconsin Geological 

and Natural History Survey and the Museum of Zoology of the University of 

Michigan, was based on more than 1,441 collections of fishes made between 

1925 and 1928. Greene recognized 149 species, 14 of these having 2 or more 

recognized subspecies. The Distribution of Wisconsin Fishes was originally planned 

to be only a section of a larger report which was being prepared under the 

direction of Dr. C. L. Hubbs. Unfortunately, because of the large expense antic- 

ipated in its printing, the Hubbs work was never published. 

Fish Culture and Stocking 

The account of early fish management in Wisconsin that follows is derived mostly 

from Cox (1939) and from the annual and biennial reports of the Commission- 

ers of Fisheries of Wisconsin (1876-1910). 

The first Wisconsin fish commissioners were appointed in 1874 in response 

to a sagging Great Lakes fishery. The same year, the Wisconsin legislature was 

attempting to regulate the take in order to preserve the industry. Year by year 

the industry was shrinking because more gear was used for catching fish, but 

the loss of fish stocks was not fully comprehended. 

The artificial propagation of fish was looked upon as a cure-all for preventing 

the exhaustion of the fish supply. In 1875 the first fish hatchery (the present 

Nevin hatchery) was established at Nine Springs, about 5 km southwest of 

Madison. In Milwaukee a temporary hatchery for whitefish and lake trout eggs 

was set up in the engine house of the water works, and attempts were also 

made to hatch these species at Pensaukee (Wis. Conserv. Dep. 1963). 

In early days, milk cans were used as containers for fish to be stocked. The 

cans were transported aboard railroad express cars, from which they were 

transferred to any available conveyance for distribution to streams and lakes. 

Often this was a horse-drawn wagon, and the cooperator frequently had diffi- 

culty directing his load through deep mud and slumping snow banks to the 

stream or lake of destination. 

Early in the propagation program exotic Atlantic and Pacific salmon eggs were 

obtained by purchase and donation from the U.S. Fish Commissioner. Much 

emphasis was placed on propagating the coldwater salmonid fishes, but these 

were stocked indiscriminately in warmwater lakes and streams where survival 

was impossible. For instance, in 1875 43,000 landlocked salmon eggs were 

hatched in Wisconsin’s state or private hatcheries, and 10,000 fry were planted 

in Lake Mendota at Madison and a like number in Oconomowoc Lake (Wauke-
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sha County). From 25,000 Penobscot salmon eggs, 10,000 fry were planted in 

Devil's Lake (Sauk County). 

In 1876 Lake Geneva (Walworth County) was planted with 250,000 lake trout, 

100,000 whitefish, 50,000 brook trout, 10,000 landlocked salmon, 25,000 king 

salmon, and 1,000,000 walleyes. During 1877 lake trout were stocked in Browns 

Lake (Racine County); Delavan, Troy, Lauderdale, and Lake Pleasant (Walworth 

County); Oconomowoc, Pine, Pewaukee, North, Nagawicka, and Okauchee 

(Waukesha County); Lake Ripley (Jefferson County); Fox Lake (Dodge County); 

and Swan and Silver lakes (Columbia County). 

In 1878, 20 graylings were held in Madison ponds; this was the first of a 

series of attempts to propagate the grayling in sufficient numbers to establish it 

in Wisconsin. In the same year plans were laid to take eggs from Lake Mendota 

ciscoes and to transport them to the Milwaukee hatchery for later stocking of 

inland lakes of Wisconsin. 

Also in 1878, chinook salmon were stocked in Lakes Mendota and Monona 

(Dane County), in tributaries to the Mississippi River (Grant County), in Silver 

and Spring lakes (Columbia County), and in the Wisconsin River at Portage. In 

1878, the Wisconsin hatchery superintendent wrote: 

I assert without any fear of contradiction, that the water selected by your commission 
for the planting of young fry [is] in every way suited for their welfare and growth, and 
that in a few years the people will enjoy the benefits accruing from our labors in pisci- 
culture (5th Annu. Rep., Commnrs. Fish. Wis. 1878:28). 

In 1879 the chinook salmon stocking program no longer seemed secure, and, 

although 1,100 salmon grew well at the Madison ponds, the Commissioners of 

Fisheries of Wisconsin (1879:16) noted that “it is still an unsolved problem 

whether they are adapted to our waters and can be successfully raised there or 

not.” Extensive salmon culture ended in 1879 (except for the program of the 

late 1960s), though sporadic attempts were made to introduce exotic salmo- 

nids—e.g., the landlocked strain of the Atlantic salmon, which was stocked in 

Trout Lake (Vilas County) during the 1907-1908 period. 

Millions of brook trout, whitefish, and lake trout were propagated from the 

beginning of the fish culture program. Successful yields from the stocking of 

lake trout were reported in 1901-1902 from Hammil Lake (Bayfield County), 

and Bass and St. Croix lakes (Douglas County). From 1901 to 1902, lake trout 

fry were distributed to Green Lake (Green Lake County), Lake Mendota (Dane 

County), Pine, Minocqua, and Tomahawk lakes (Vilas County), and others. As 

a result of the widespread stocking of lake trout, the distribution of native lake 

trout in the inland lakes of Wisconsin is not clear. 

The exotic rainbow trout was secured from the U.S. Commissioner of Fisher- 

ies in 1880. The fish arrived in Wisconsin as eggs; about 2,000 young hatched 

from this initial shipment. In 1885, 600,000 rainbow trout were stocked in Wis- 

consin waters; in 1886, 620,000. 

The first carp, 75 in number, were shipped to Wisconsin in 1880. They were 

bred upon arrival and produced 350 young the first year. Of these, 163 were 

distributed in 1881 to individuals in Rock, Columbia, Fond du Lac, Sauk, and 

Manitowoc counties. The commissioners, apparently little understanding the 

habits of the carp, reported (1884:15): “It is useless to undertake to grow carp 

where there are other fish. The carp must be cultivated in ponds expressly built
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for them and those of different ages must be kept by themselves.” In 1891-1892, 

carp were distributed in Barron, Douglas, Eau Claire, Langlade, Marathon, St. 

Croix, Washburn, Bayfield, Chippewa, Marinette, Polk, Price, Sawyer, Sha- 

wano, and Taylor counties. In 1893, 8,050 carp were distributed in 37 counties; 

and in 1894, 8,125 in 36 counties. In all, between 1881 and 1895, over 131,000 

carp fingerlings were distributed throughout Wisconsin. The last planting oc- 

curred in 1895, at which time this fish was well established in the state. By 1907 

and 1908 it was the principal fish caught in the Mississippi River, and the su- 

perintendent of fisheries noted that fishermen were making more money catch- 

ing and marketing “the despised carp” than they had made in past years from 

all other species. 

Wisconsin initiated its walleye propagation program in 1883 and during that 

year produced 8 million fingerlings. Over a million Wisconsin muskellunge were 

propagated and planted in 1897. In 1887 Wisconsin imported 1,000 European 

brown trout eggs, which were hatched at the Bayfield Fish Hatchery at Bayfield 

(O. M. Brynildson et al. 1973). Exotic goldfish were received during the 1907— 

1908 period from the Nebraska Fish Commission in exchange for 100,000 eyed 

lake trout eggs; some goldfish were furnished to aquariums in Wisconsin, but 

the disposition of the remainder is unknown. 

Lake sturgeon propagation plans were discussed in the Commissioners of 

Fisheries report for 1911-1912. At that time lake sturgeon were bringing the 

highest price of any freshwater fish, although in earlier days they had been 

caught in large numbers “and piled on the shores like so much cordwood.” It 

was anticipated that lake sturgeon brood stock would be taken from the Wolf 

River; however, the plans never materialized. The problems associated with 

propagating the sturgeon have been discussed by Eddy and Surber (1947) and 

Eddy and Underhill (1974). 

To improve the lake trout stocks in Lakes Michigan and Superior, the Wis- 

consin Commissioners allowed commercial fishermen, under permits, to catch 

lake trout during the closed season for the purpose of securing and fertilizing 

eggs (Bienn. Rep., Commnrs. Fish. Wis. 1909-1910). All expenses were in- 

curred by the fishermen, who supplied as many eggs as were needed for the 

state hatcheries; those not needed were to be planted back on the lake trout 

reefs or spawning beds. During the 1909 season, 25 million eggs were sent to 

the hatcheries, and 15 million were planted back on the spawning beds. 

In 1937, Wisconsin established a national record for state propagation and 

distribution of fish of all kinds, when over 1 billion fish were reared and planted 

in the state (Wis. Conserv. Dep. 1963). 

Currently the Wisconsin Department of Natural Resources distributes fish 

from its own hatcheries, as well as from cooperative ponds, federal hatcheries, 

and private purchase. The program cultures mostly salmonids, largemouth bass, 

muskellunge, northern pike, and walleyes. In 1976, the department distributed 

over 436,000 brook trout, 1.1 million brown trout, 1.7 million rainbow trout, 1.1 

million lake trout, 18,000 splake, 666,000 cohos, 1.1 million chinooks, 23,000 

tiger trout, 609,000 largemouth bass, 12,000 smallmouth bass, 1.4 million mus- 

kellunge, 198,000 tiger muskellunge, 16 million northern pike, 54,000 perch, 62 

million walleyes, 1.6 million whitefish, and lesser numbers of bluegills, catfish, 

crappies, sturgeon, sunfish, and rock bass (Wis. Dep. Nat. Resour. 1976a).
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Fish Rescue and Transfer 

From the late 1870s to the late 1930s, Iowa and Wisconsin Commissioners of 

Fisheries and the U.S. Fish Commission directed fish rescue and transfer pro- 

grams to salvage Mississippi River fishes that were naturally imperiled. 

In the June floodwaters on the Mississippi River, many fish that are ready to 

spawn seek the quiet backwaters to deposit their eggs. Conditions in the back- 

waters are favorable for the growth of the fish, and the young are often several 

centimeters long before the waters begin to subside. As the floods recede, the 

adult fish may return to the main channel, but many young fish are stranded 

in pools. Some pools become dry in a few days, others persist for weeks or 

months while the water slowly evaporates or seeps away, and a few remain 

until winter, when they freeze almost to the bottom. The landlocked fish die as 

the water diminishes or disappears, and as they are crowded, starved, and fi- 

nally smothered when the pool freezes. A fish rescue and transfer program 

seeks to remove and distribute these fish before natural destruction occurs; the 

history and operational details of the program are given by Carlander (1954). 

In 1898, the Wisconsin Commissioners of Fisheries reported that for several 

years they had collected small black bass from the sloughs and ponds along the 

Mississippi River for distribution to inland waters. In 1903-1904, over 117,000 

bass rescued from Mississippi River sloughs were planted in inland waters. 

During the 1909-1910 period, of the almost 2 million fish taken from small Mis- 

sissippi River ponds, approximately 600,000 were bass; over half of these were 

carried to the main river and the remainder were transported to inland lakes. 

In 1909, the Wisconsin legislature passed a law which directed that the license 

money paid by the commercial fishermen on the Mississippi River should cre- 

ate a separate fund to be used for the rescue of fish from the sloughs and bay- 

ous adjacent to the river (Carlander 1954). 

In 1936, almost 10 million fish were transplanted in fish rescue operations 

conducted in the Mississippi, Wisconsin, Fox, and Wolf river bottoms, in flow- 

ages above power dams in some of the northern rivers, and in many lakes and 

streams where receding water or other conditions were detrimental to fish life 

(Wis. Conserv. Bull. 1937 2[1]:11). While the program was going on, private 

groups sent applications for rescued fish to be planted at their favorite fishing 

sites. When the fish cars made their trips inland, the applicants were notified 

where to meet the train to receive their quota of fish. 

In the years for which it was possible to obtain records of the estimated num- 

bers of fish caught, it appears that there were only 5 fish groups which in any 

year constituted more than 5% of the numbers of rescued fish: 

From 14 to 74 per cent of the fish were “catfish,” including bullheads. “Sunfish” com- 
prised 6 to 32 per cent of the annual catch and “crappies” varied from 3 to 37 per cent. 
Carp comprised from 0.6 to 39 per cent of the catch and “buffalo” from 0.6 to 16 per cent 
(Carlander 1954:38). 

According to Carlander, the U.S. Fish Commission (Bureau of Fisheries) contin- 

ued fish rescue operations on the Mississippi River until 1938 and retained crews 

for that purpose at Genoa and La Crosse. In the winter of 1939-1940, a crew of 

four men from the Wisconsin Conservation Department, working with local
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residents, seined Pool 10 near Cassville under the ice and rescued 100,000 fish. 

With this, the fish rescue and transfer program on the Mississippi River was 
nearing its end. 

Although many regarded the fish rescue and transfer program as beneficial 

to fish stocks and to fishermen interested in exploiting these stocks, opposition 

to the program was growing for a number of reasons. Carlander (1954:35) noted: 

The sportsmen of the bordering states began to wonder if fish rightfully theirs were 
being sent to other parts of the country. . . . complaints that many game fish were being 
removed and the coarse fish returned to the river seem to have been somewhat justified 
since the records show that from twenty to ninety-three percent of the rescued “black 
bass” were transported to other waters. 

The Wisconsin Conservation Commission (1949:89) noted that between 1920 

and 1925 large numbers of rescued fish, mostly black crappies, were distrib- 

uted to many northern Wisconsin lakes where they became extremely abun- 

dant. These “carp of the north” came into competition with and displaced sport 

fishes like walleyes and bass, and as a result of crowding often became stunted 

themselves. Thus the indiscriminate stocking of species outside their normal 

range may result in the reduction or loss of more desirable native fishes. 

In retrospect, most fishery biologists now question the value of fish rescue 

for maintaining desired fish populations in Wisconsin waters. Stocking rescued 

fish in lakes, ponds, and rivers is also of doubtful value, since such stocking 

does not necessarily improve fishing. Most warmwater lakes and ponds are 

already overrun by large numbers of stunted fish, and any additional stocking 

merely aggravates this condition. Fish stocking is seldom needed except in new 

ponds and new artificial lakes. 

The fish rescue and transfer program was undoubtedly responsible for the 

“discovery,” years later, of isolated individuals far removed from the known 

distribution of their species. Attention is called to such perplexing cases in the 

species accounts. 

Fishkills 

Fishkills are by no means a recent phenomenon in Wisconsin, where they have 

occurred every year for as long as records have been kept. Today, many fishkills 

occur yearly, and in some waters, partial fishkills have become an anticipated 

yearly event. Some fishkills are traceable to fish diseases, but most are caused 

in late winter and late summer by oxygen depletion in heavily vegetated waters 
which are high in nutrients. 

During July and August 1884, a die-off of an estimated 136 kilotons of fish 

occurred in Lake Mendota (Dane County). The cause was unknown, but an 

infestation of the protozoan Myxobolus was suspected. During the -hot, dry 

summer of 1910, thousands of fish perished in the waters of Lake Winnebago 

and Green Bay, and from the latter part of July to the middle of August wall- 

eyes and perch were found floating over the surface of Green Bay. In 1925, a 

large number of fish were killed in the Flambeau River, probably as a result of 

industrial pollution. 

In the early spring of 1967, over 50 large lake sturgeon perished in Lake Wis-
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consin (Columbia County); the suggested cause of death was industrial pollu- 

tion. In 1968, there was a complete kill of brook trout along a 3.2-km stretch of 

the Little Wolf River (Marathon and Waupaca counties), which was traced to 

poison flushed from a potato-spray tank. 

In 1974, heavy fishkills were reported from the lower Rock River (Rock 

County), Luxemburg Creek (Kewaunee County), Six Mile Creek (Dane County), 

and the Wisconsin River (Oneida and Wood counties); wastes from food and 

paper industries were partly responsible (U.S. Off. Water Plan. and Stand. 1975). 

In 1975, fishkills in Wisconsin were attributed to municipal operations (40%), 

industrial operations (20%), agricultural operations (20%), and other operations 

(20%) (U.S. Off. Water Plan. and Stand. 1977). Heavy kills were reported in 

1975 from Manitowoc River (Manitowoc County), Cedar Creek (Washington 

County), Willow River (St. Croix County), and Oconto River (Oconto County). 

A severe fishkill occurred in the Wisconsin River below DuBay Dam (Portage 

County) during the winter of 1976-1977. Most fish killed were black bullheads. 

The following July several hundred dead yellow perch, carp, and young-of- 

year walleyes were observed in the same area. In both instances the die-offs 

were caused by a shortage of dissolved oxygen. 

In the mid-1970s, after treatment of the Rock River with toxicants for the 

elimination of carp, the sport fishes that had been stocked were winterkilled. 

The nutrient-rich waters produced heavy crops of aquatic vegetation, which 

decomposed and depleted the water below the ice of its oxygen. Repeated at- 

tempts over several years to reintroduce sport fishes to the system resulted in 

failure. 

It is evident that the specific causes of fishkills are numerous. Some are nat- 

ural, but municipal, agricultural, and industrial wastes introduced into our water 

systems are responsible for an increasing number of fishkills. Fishes stranded 

in overflow pools or in pools remaining after rapid drops in water level may 

die with the development of unfavorable conditions. Indeed, fishkills have be- 

come so commonplace that they seldom receive more than brief mention in 

local newspapers. 

Fishing Demand and the Fish Resource 

In Wisconsin sport fishing is the second most popular use of surface water re- 

sources. Only swimming attracts more water enthusiasts. Approximately 1 mil- 

lion anglers fished 18.5 million times and caught about 110 million fish in Wis- 

consin during the winter of 1970 and the summer of 1971 (Churchill 1971, 1972). 

Fishing, like other water-based activities, is concentrated most heavily on wa- 

ters in the southeastern part of the state. Fortunately, these waters have the 

greatest capacity to produce fish pounds, although the population balance tilts 

toward nongame fish rather than sport fish. 

It has been estimated that in 1960 only 9 Wisconsin counties could have ex- 

ceeded 5,500 fishermen per summer Sunday; the estimate for 1980 was 14 

counties. (In two of these counties, Oneida and Vilas, almost 40% of the pro- 

jected 5,500+ fishermen per summer Sunday in 1980 were expected to be from 

Illinois.) (Wis. Dep. Resour. Dev. 1966.)



Wisconsin Fishes and Fishery Management 25 

8 
tua 2 e 

en. a ol Ne 
cies ea 
RR sual: is 
Ce] Se ae eeu caswet neste: 

ges _ a ae a oe Ped = 
ern Ss -.s | Pie fs eee Deere pe ee EA 

SOTA TET BR aia oe Ec. ae 

Bote <i: | Rees Ea j 4 See] ae 
a = ae | “TL “7 

Vio co es q ae 
og if 3 i/ cg (2! eee 

Pa SE 
0-1,500 [BY 3.001-5,500 0-1,500 [BY 3,001-5,500 

1,501-3,000 RR) 5,501 + 1,501-3,000 [Ri] 5,501 + 

FISHING DEMAND 1960 FISHING DEMAND 1980 

. ot ye 

hee 

ee . 
Cee pesse ea , 

a Ps [7] 1,501-3,000 
REE ge] 
ey (HBB 3.001-5,500 

“d Bl oot 
| FY 5501+ 

(ee 
a FISHING DEMAND 2000 

|) 
CARTOGRAPHIC LABORATORY, UNIVERSITY OF WISCONSIN—MADISON 

Numbers represent average number of fishermen per summer Sunday (after Wis. Dep. Resour. Dev. 1966:46-47).



26 Wisconsin Fishes and Fishery Management 

In the year 2000, all but 20 counties should have over 3,000 fishermen on an 

average summer Sunday, and 27 of the counties, or more than one-third, may 

expect 5,500 fishermen; only 7 counties in Wisconsin might expect less than 

1,500 fishing visits on the average summer Sunday. The increased fishing de- 

mand projected for the northwest sector is in part a reflection of increased de- 

mand by Twin Cities fishermen. The above data, however, do not reflect the 

increased fishing in those counties lying along the Great Lakes which resulted 

from the unanticipated salmon and trout bonanza that began in the late 1960s. 

Statewide, Wisconsin fishing license sales continue to grow. Estimates indi- 

cate that about 25% of the public engages in fishing (Threinen 1964). Total sales 

of all Wisconsin fishing licenses were 1,374,531 in 1968, 1,386,208 in 1969, and 

1,431,409 in 1970 (Kleinert and Degurse 1972). In 1970, the estimated fish taken 

included 4,579,000 trout, 204,000 salmon, 115,000 muskellunge, 3,282,000 

northern pike, 4,651,000 walleyes, and 69,307,000 bass, perch, and other pan- 

fish (Wis. Legis. Ref. Bur. 1973). 

Currently Lake Michigan sport fishing is an estimated $30-million-a-year 

business in Wisconsin. If state and federal agencies continue to stock trout and 

salmon in the lake, people will probably continue to fish for them. 

Today there is a growing demand for food fish in the United States. Per cap- 

ita fish consumption has increased from 4.8 kg in 1967 to 5.5 kg in 1975—a 14% 

increase over an 8-year period (Vilstrup 1975). The value of fish as a diet food 

and as a variety item in the menu has increased demand, and this trend is 

expected to continue. 

The natural supply of fish has continued to decline as a result of increased 

commercial fishing pressure and environmental problems. Vilstrup (1975:46) 

stated: 

The yellow perch comes from Lake Erie with the bulk imported from Canada. Commer- 
cial catches from Lake Erie dwindled from a high of 15 million kg in 1969 to 6.8 million 
kg in 1974. It has been estimated that nearly 75% of the yellow perch are consumed in 
Wisconsin, and leading processors and distributors warn that prospects for an increased 
natural harvest appear limited. 

In Lake Michigan’s ecosystem the far-reaching effects of man’s activities have 

included changes in water chemistry, benthos, plankton, and native fish popu- 

lations. The changes in native fish stocks (mostly decreases in abundance) are 

primarily attributable to exploitation, the introduction of exotic fish species, and 

accelerated eutrophication and other effects of pollution (Wells and McLain 1973). 

Although Lake Superior has not greatly changed from its pristine state, stocks 

of every fish species of commercial importance have been severely depleted 

(Lawrie and Rahrer 1973). The histories of all species suggest extensive over- 

fishing long before the sea lamprey, known to have parasitized and reduced 

valuable fish populations, entered the lake. Recovery from these declines has 

been limited, but measures to control the sea lamprey, coupled with modern 

hatchery technology, clearly provide prospects for rejuvenating some existing 

stocks (e.g., lake trout) or developing entirely new ones (e.g., salmon spp.). 

The fish resource is a matter of considerable complexity and is discussed in 

greater detail in the species accounts.
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Fishery Management: Trends and New Developments 

The goal of fishery management is to produce a sustainable yield of sport and 

commercial fishes. In Wisconsin, the Department of Natural Resources endeav- 

ors to sustain fish populations in waters where environmental deterioration has 

reduced the numbers of desirable fish species and where the fish have been 

overharvested. Managing water quality and fish populations is not an easy task. 

Early Wisconsin fish management activity is summarized in the “Fish Culture 

and Stocking” section, above. In the following paragraphs I bring together some 

recent management findings along with suggestions for the maintenance and 

rehabilitation of our waters. 

Escanaba Lake in Vilas County has been an experimental lake since 1946, 

during which period fishing regulations have imposed no bag limits, no size 

limits, and no closed seasons for any sport fishes in its waters (Kempinger et al. 

1975). Analysis of catch data from Escanaba Lake suggests that throughout Wis- 

consin the emphasis should be changed from managing the fish through fishing 

regulations to managing their habitat. Accordingly, for a number of species Wis- 

consin fishing regulations in recent years have been liberalized by reducing size 

limits and increasing bag limits. This trend is apt to continue. 

The use of fish toxicants will undoubtedly be curtailed in the future (the neg- 

ative effects of such treatment programs, discussed above, are also detailed in 

the species accounts). Dr. Willis King (Sport Fishing Inst. Bull. No. 262, March 

1975, p. 7) commented that the pendulum has recently swung away from use 

of toxicants of all kinds in fresh waters, and has indicated that if new chemicals 

or new uses for old chemicals are wanted, the fish managers who want to use 

them are going to have to work for the money and personnel to do the basic 

environmental impact studies required. All new fish management projects should 

be highly coordinated by the Wisconsin Department of Natural Resources and 

should include the participation of all appropriate agencies (U.S. Soil Conser- 

vation Service, U.S. Environmental Protection Agency, U.S. Forest Service, state 

and local planning agencies, etc.) to promote the most comprehensive and ef- 

fective effort for resolving fish management and water quality problems and 

managing aquatic systems. 

One impediment to solving the fishery problems of the Great Lakes is con- 

flict among approaches to fishery problems taken by the various management 

agencies having jurisdiction in different areas of the same lake (S. H. Smith 

1973). Coordination of activities would contribute to attaining a common goal, 

once the goal has been defined. 

Drastic measures must be taken to restore the Great Lakes (particularly Lake 

Michigan) to their original condition and to ensure that their native fish popu- 

lations are not entirely extirpated. Ron Poff, Wisconsin DNR Great Lakes fish- 

eries specialist, has suggested that PCBs be purged from the Great Lakes through 

the wholesale removal of alewives. Alewives contain up to 13 ppm of PCBs in 

their body tissues; and more than 100 million kg of alewives are available to 

bottom trawling in Lake Michigan. 

Stanford Smith proposed making lake trout the primary planting fish for the 

Great Lakes, and converting all hatcheries to the rearing of trout instead of the 

salmon now propagated (R. C. Kienitz, The Milwaukee Journal 18 December 1977). 

Smith predicted that large concentrations of lake trout would depress and con-
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trol the superabundance of alewives in the lakes, and that trout saturation would 

lead to natural reproduction of lake trout. In time, the hatcheries could be con- 

verted from lake trout reproduction to the propagation of whitefish, perch, chubs, 

and herring; stocking these native fishes would “drive the system further back 

to nature.” 

Our sport fishing culture in North America has been built around trophy 

rewards. Traditionally, the goal of a fishing vacation has been to bring home a 

large bass, muskellunge, or trout. However, times have changed, and there are 

now not enough large trophy-sized fish to go around. Recently nationwide 

sentiment has been supporting catch-and-release fishing as a management tool. 

Muskies, Inc., a Midwest-based organization interested in promoting conser- 

vation and fishing of the muskellunge, has strongly endorsed a catch-and-release 

program. In 1970, 19% of the total muskellunge caught by members were re- 

leased back to the water; in 1976, 87%. 

The spectacle represented by fishing tournaments has come under sharp 

criticism in recent years. Objections have been raised against promoters and 

others interested in financial gain through the abuse of the fish resource; fish- 

ing tournaments have also been viewed as putting a price on a fish’s head or 

“killing fish for pay.” Growing sentiment condemns the unnatural exploitation 

of fish and emphasizes the concept that fishing is a quiet, enjoyable, and pri- 

vate outdoor recreation. 

More money and research will undoubtedly be directed toward solving the 

serious problems affecting some fish species. The stunting of panfishes has long 

been of concern to fish managers; however, remedies involving chemical treat- 

ments or predatory sport fishes have seldom been satisfactory. A new approach 

being explored is the introduction of native nongame predators, such as the 

burbot, bowfin, and gar, into waters with stunted panfish populations; these 

are the traditional top predators in many waters where stunting is seldom a 

problem. 

A breakthrough in carp control is imminent. Recently it was discovered that 

carp move in tight schools under the ice. By outfitting a few “Judas” carp with 

transmitters, it may be possible to encircle and capture entire schools with nets, 

thus gaining valuable protein for man and effecting carp control at the same 

time. Such an example suggests that intensive research into fish behavior—an 
area in which we have little knowledge for many species—may pay dividends 

for future fish management. 

Preserving Ecosystem Integrity: The Role of Nongame Fishes 

In the “Report of Governor's Study Committee on the Use of Fish Toxicants for 

Fish Management,” Cook et al. (1972) declared: 

The primary goal in the management of all our living resources must be to protect and 
enhance the integrity of ecosystems. A diversity of aquatic habitats and natural commu- 
nities must be preserved to provide for education, research and esthetic enjoyment. It 
should be recognized that other generations will follow ours, and that we have a respon- 
sibility to maintain a suitable number of untampered ecosystems in representative habi- 
tats throughout the State and to place them “in trust” for the future.
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Nongame fish (e.g., suckers, drums, gars, bowfins, minnows, and darters) 

constitute a large portion of our fishery resource, an important part that is often 

overlooked by sportsmen, resource managers, and research biologists. The 

management emphasis to date has been to establish sport fisheries, often for 

only a single species in a system. In Wisconsin, trout, muskellunge, northern 

pike, walleye, and bass have received most research emphasis. These species, 

at the tip of the food pyramid, constitute only a small part of the total fish 

volume in a given body of water; the nongame fishes outrank the sport species 

in total numbers of individuals, in combined weight, and in number of species 

present. 

There are two arguments for the importance of every species of fish, regard- 

less of how attractive or repulsive it may be. First, in terms of direct benefit to 

humans, there is no way to predict in advance which species may hold secrets 

useful in solving many kinds of problems. Koch (1975) quotes Joshua Leder- 

berg: 

The variety of species is a great library of information literally encoded in the specific 
DNA molecules that characterize each type. It is paradoxical that, in this era of most 
rapid elimination of natural variety, we have begun to learn the keys to that code and to 
appreciate the subtleties of the evolutionary mechanism that it drives. Each different 
species is a unique adaptation to its own way of life, a lesson in ‘how to live’ that we 
never properly understand after we extinguish it. 

It would be wrong to argue that every species has locked up inside its tissues a 

new food source or a cure for cancer. It is right to say, however, that every time 

we eliminate a species we eliminate the possibility of identifying its unique fea- 

ture(s) and its possible value to humanity (Williams 1977). Second, all fish spe- 

cies are important as members of whole communities. It may seem, while you 

are fishing for walleyes or panfish, that gars, burbots, and bowfins are crea- 

tures with absolutely no redeeming virtues, but the quality of the walleyes and 

perch you catch may be directly dependent on the presence or absence of these 

predators. The lake fly (Chironomus plumosus) in the Lake Winnebago region 

may be a nuisance to the human population for a few days of the year, but to 

the lake sturgeon it is a prime food source throughout the year. Thus the strength 

of the lake sturgeon population is directly correlated with the “nuisance” level 

of the Chironomus larvae living in the lake muds. 

Not enough effort has been made by fishery biologists to understand inter- 

specific relationships, perhaps because the philosophy persists that nongame 

fishes are natural competitors with sport or other economically important fish 

species. According to Pister (1976), “management” has been manifested in 

nongame species destruction, often with virtually no biological justification. 

Li (1975) has observed that (1) the evidence used to demonstrate interspecific 

competition is circumstantial in nature; (2) comparative dietary analysis of sport 

and nongame fish is inadequate; (3) sport fish territories, rather than food 

sources, may be limited in streams (sport fish are frequently the most aggres- 

sive fish in streams and unlikely to be displaced); and (4) predation (including 

fishing, a special form of predation) may be an important process governing 

community interactions. Li suggested that the concept of managing ecosystems 

should be promoted to replace single species management policies. 

Probably the sucker is an example of a fish unfairly despised by many sports- 

men, biologists, and fish managers. For decades it has been accused of deplet-
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ing sport fish populations; yet a recent literature review (Holey et al. 1979) turned 

up no convincing evidence that sport fish populations were adversely affected 

by suckers. Although suckers eat the eggs and fry of some sport fishes, no evi- 

dence could be found that such predation was harmful. P. B. Moyle (1975) noted 

that trout and nongame fish can coexist in streams that support substantial trout 

populations. 

Chemical treatment to control nongame fish in our streams is a management 

concept which must be reevaluated. In recent years the Wisconsin Department 

of Natural Resources has engaged in large-scale chemical treatment projects on 

lakes, reservoirs, and streams for the purpose of carp and “rough fish” control. 

According to Hasler (1973:214), although aquatic ecologists have decried the 

rising dangers of pollution, 

some are now supporting projects which may lead to the extermination of species or 
local populations of species under the justification of carp control. Entire drainage ba- 

sins (e.g., Rock River, Wisconsin, 2,802 miles of streams and 100,400 acres of marsh- 

land) are poisoned with toxins, and such programs are labelled good conservation. I 
consider projects of this type contrary to the ecological ethic. 

After treatment of the Rock River with antimycin A in 1970 and again in 1973, 

the major fishery consisted of bullheads, primarily black bullheads (Baumann 

1975). The sport fish and panfish catch and the catch per unit effort fell dramat- 

ically between the second and third years after treatment on the upper section 

of the river, leaving in doubt the possibility of establishing a large natural pop- 

ulation of predatory sport fish. Baumann noted no overall recreational im- 

provement resulting from the reclamation. The sport fishery return has not no- 

ticeably increased, and continual restocking may be necessary to replace the 

sport fishes lost to winterkills and summerkills caused by the large increase in 

aquatic plants. Baumann concluded that a large, eutrophic river system cannot 

be effectively managed simply by treatment with toxicants and restocking with 

fishes. 

Surveys of several chemically treated waters in Wisconsin have shown a sharp 

decrease in the total number of fish species following treatment (Becker 1975). 

A follow-up study of 1965 and 1967 antimycin field tests showed the persist- 

ence even as late as 1972 of an impoverished variety of fish species and for 

many species a reduction in numbers. Initial data in one study show that clams 

are particularly sensitive to fish toxicants, and that some species may have been 

eradicated in treated waters (H. Mathiak, pers. comm.). 

The mass poisoning of waters appears to work contrary to those biological 

and ecological principles which support the concept that great species diversity 

leads to the stability of the environment. Hasler (1973:215) explained: 

To reduce the number of species in man’s environment, then, is to invite instability, to 

reduce man’s freedom to choose new species for exploitation and to impoverish the quality 
of his life. Driving a species to extinction is a process which cannot be reversed. Unlike 
a mineral which, though exploited until it is scarce, will always be somewhere on the 
earth—in a scrap heap or in the depths of the ocean—a biological species is unique, 
and, once lost, cannot be recreated. Over millions of years, evolution has experimented 

with countless biological types and has preserved those which are successful and well- 
adapted to their environment. They are the world’s living museum and, as such, belong 
to humanity. No local group is justified in depriving future generations of species and 
their potential use by causing their extinction.
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Pister (1976:13) said it this way: 

We still have a long way to go in the fish and wildlife professions before we reach an 
acceptable level of philosophical maturity. History alone will judge the value of what we 
do today. In the year 2076, society will be far less interested in the 1976 catch per angler 
in Crowley Lake or the degree of hunter success on a certain wildlife management area 
than in what happened to our native fauna if we fail to appreciate it enough to preserve, 
manage, and utilize it. We have inherited so much from our predecessors that we auto- 

matically assume an enormous debt to the future. 

The approximately 25% of the Wisconsin populace who engage in fishing 

obviously have a stake in the state’s fish resource, but we should not overlook 

the equally important and legitimate interest of the remaining 75%. Pister (1976) 

predicted a great expansion of nonconsumptive uses of fish and wildlife, with 

“a major increase in photography, species identification, behavioral studies, and 

similar ‘research’ pursuits. We should prepare for this inevitable demand and 

structure our management programs accordingly” (p. 12). 

According to Pister, the only logical way to meet this demand is to manage 

and utilize the total fish and wildlife resource. This total resource, including 

both sport and nongame species, is vastly greater than the resource we have 

heretofore been concerned with. The management of nongame species is still 

embryonic in both practice and philosophy (Miller and Pister 1971, Pister 1974). 

During the late 1970s, Wisconsin's acting governor, addressing the Board of the 

Wisconsin Department of Natural Resources, recommended the establishment 

of an office within the department that would be concerned with nongame spe- 

cies. The move is especially commendable since it points up political recogni- 

tion of a vast resource which in the past has had little attention. 

In Wisconsin, official agencies continue to refer to many large nongame fish 

as “rough fish.” This derogatory epithet engenders public animosity toward such 

species as buffaloes, burbot, redhorse suckers, freshwater drum, goldeye, carp- 

suckers, and quillback, all of which are excellent food fishes. Although the 

Governor's Study Committee on the Use of Fish Toxicants for Fish Management 

(Cook et al. 1972) recommended the deletion in writing and speech of “rough 

fish,” the term persists in current fishing regulations (1980). The still common 

use of the terms “rough fish” and “trash fish” by fish managers is some indica- 

tion of the extent to which management policies continue to be dictated by the 

public’s rather narrow demands. In fact, sport fish are only important because 

of their present social and economic value. Li (1975) recommended that we 

broaden our management perspectives by trying to change the societal values 

which have resulted in the narrow policies of the past, and that we recognize 

the increasing need for fish protein to feed human populations. Carlander (1955) 

has shown that the total productivity of an aquatic system increases with the 

number of fish species which inhabit it. Butler (1976) predicted that we will 

soon protect and manage our freshwater sheepshead, suckers, carp, and other 

species for their value as sources of high quality protein. 

In Wisconsin during the late 1970s, the commercial use of some white and 

longnose suckers was tested. These fish from Lakes Michigan and Superior were 

deboned, minced, frozen into 11.3-kg (25-lb) blocks, and shipped east. Some of 

the product, in the form of “fish crispies,” sold in supermarkets at $1.96 per 

kilo (89¢ per pound). Consumers used the minced fish as a substitute for more 

expensive crabmeat in stuffing, in place of tuna in casseroles and salads, and in
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place of salmon in salmon loaf. Sucker meat is sweet tasting, low in calories 

and cholesterol, and highly nutritious. 

Undoubtedly Bardach (1964) described the most pungent way of preserving 

nongame fish bounty—turning the fish into “cheese.” The practice is of ancient 

origin and is widespread throughout the Orient. The recipe calls for certain 

thumb-long, short-lived fishes which are found in large numbers. After being 

cleaned and mixed with salt, the fish are allowed to rot in a vat. After 6 months— 

or, for the best results, even longer—the action of various bacteria will have 

turned the mixture into a white paste compounded of proteins and amino acids 

and laced with calcium from the softened bones. The odor is very strong, but 

approached without prejudice—and bearing in mind that Western cheese is of 

comparable origin—this “cheese” can be delicious. 

Wisconsin fish processors and University of Wisconsin scientists have dem- 

onstrated that disagreeable fish processing wastes make a nutritious plant food 

and are trying to expand the market for it (The Milwaukee Journal 15 September 

1977). The fertilizer is made by adding acids to organic material which break it 

down into nitrogen, phosphorus, and potassium while preventing bacterial fer- 

mentation. 

Number of Species, Their Distribution, and Future Entries 

This study recognizes 157 species of fish from Wisconsin waters. Of these spe- 

cies, 137 are present in the Mississippi River basin, 131 in the Lake Michigan 

basin, and 74 in the Lake Superior basin. By comparison, Greene (1935) reported 

148 species from Wisconsin of which 132 were known from the Mississippi River 

basin, 111 from the Lake Michigan basin, and 58 from the Lake Superior basin. 

Since Greene (1935), the blue catfish (Ictalurus furcatus) has been removed from 

the state list of fishes (see p. 694), and the following species have been added: 

sea lamprey (Petromyzon marinus), alewife (Alosa pseudoharengus), pink salmon 

(Oncorhynchus gorbuscha), coho salmon (Oncorhynchus kisutch), chinook salmon 

(Oncorhynchus tshawytscha), pygmy whitefish (Prosopium coulteri), ironcolor shiner 

(Notropis chalybaeus), red shiner (Notropis lutrensis), river redhorse (Moxostoma 

carinatum), and bluntnose darter (Etheostoma chlorosomum). In addition to the 

species accounts for all Wisconsin fishes, I have treated separately the siscowet 

(Salvelinus namaycush siscowet), a subspecies of the lake trout. This form is now 

widely recognized and is receiving increased attention in Lake Superior waters 

from commercial fishermen and personnel of the Wisconsin Department of Nat- 

ural Resources. 

Since the late 1920s, a number of fish species have appeared in major Wis- 

consin drainage basins from which they had not been reported previously. In 

the Mississippi River basin, these are the red shiner, longnose sucker, river red- 

horse, bluntnose darter, and slimy sculpin; in the Lake Michigan basin, they 

are the northern brook lamprey, American brook lamprey, sea lamprey, short- 

nose gar, alewife, gizzard shad, pink salmon, coho salmon, chinook salmon, 

goldfish, ironcolor shiner, pugnose minnow, bigmouth buffalo, black redhorse, 

flathead catfish, pirate perch, yellow bass, warmouth, western sand darter, and 

river darter; and in the Lake Superior basin, the northern brook lamprey, sea 

lamprey, American eel, alewife, pink salmon, coho salmon, chinook salmon,
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pygmy whitefish, rainbow smelt, carp, blackchin shiner, yellow bullhead, channel 
catfish, stonecat, tadpole madtom, and spoonhead sculpin. The distribution of 
the species in the three watersheds is in conformity with the hypothesis that 

the Mississippi drainage is the center of origin of the Great Lakes fishes (Greene 
1935). 

The criterion used to add a fish species to the state list generally implies the 

successful establishment of that species, either through its own movement into 

state waters (e.g., the red shiner and the pink salmon) or through direct intro- 

duction by man (e.g., the coho salmon). There is little question about the suc- 

cessful establishment of the coho and chinook salmon as sport species; how- 

ever, self-propagation of these species is not certain at this time, although limited 

reproduction is suspected in Lake Superior tributaries. 

Wisconsin waters are expected to yield new species in the future. In Illinois, 

a number of species occur that may appear in Wisconsin by natural means or 

as introductions; these include the blue catfish (Ictalurus furcatus), the spotted 

gar (Lepisosteus oculatus), the silverjaw minnow (Ericymba buccata), the bigeye 

chub (Hybopsis amblops), the bigeye shiner (Notropis boops), the silverband shiner 

(Notropis shumardi), the freckled madtom (Noturus nocturnus), the redear sunfish 

(Lepomis microlophus), the spotted bass (Micropterus punctulatus), the greenside 

darter (Etheostoma blennioides), the orangethroat darter (Etheostoma spectabile), and 
the dusky darter (Percina sciera). 

Crossover Connections 

Crossover connections are frequently perched swamps or low, drained areas 

which, during high water or flooding, are covered with a sheet of water that 

connects drainage basins normally separated from one another. In the last 150 

years there have been intermittent connections between the Mississippi River 

and Lake Michigan drainage basins, and possibly between the Mississippi and 

Lake Superior basins. 

The best known Wisconsin crossover connection is the low divide between 

the Fox and Wisconsin rivers at Portage (Columbia County). Accounts per- 

sisted through the 1830s of floodwaters at this crossover deep enough to float 

canoes, and even government barges; undoubtedly unrestricted passage was 

available to fishes at such times. Commercial interests in the early 1800s agi- 

tated strongly for the establishment by the government of a canal. The first 

canal was completed about 1837 with a channel deep enough to float a canoe 

(Wis. Hist. Coll. 1895 13:345-347). In 1876 the federal government completed a 

canal 21 m wide, about 1.5 m deep, and 4 km long, with upper locks at the 

Wisconsin River and lower locks at the Fox River end. This canal remained in 

operation until July 1951. In the early 1960s, the upper locks were closed per- 

manently, but still allowing a water flow of some 0.3 cms (10 cfs) from the Wis- 

consin River through the canal and into the Fox River. Since the late 1950s, a 

number of Mississippi River fishes have appeared in the Lake Michigan basin; 

these include the shortnose gar, bullhead minnow, pugnose minnow, black- 

stripe topminnow, western sand darter, and river darter. The Fox-Wisconsin 

connection at Portage is suspected to be the crossover point. 

Greene (1935) called attention to the low divide between the headwaters of
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the Menomonee and Bark rivers (Washington County), and another low divide 

between the headwaters of the Root and Des Plaines rivers (Racine County). 

Until recently these may have been connections, at least intermittent ones, be- 

tween the Mississippi and Lake Michigan basins. 

After examining topographic maps, W. McKee (pers. comm.) suggested that 

crossover connections linking the Mississippi River and Lake Michigan basins 

may at one time have occurred between the Fox River and Menomonee River 

drainages at T7N R20E Secs 14 and 28, and the Bark River and Menomonee 

River drainages at TIN R19E Secs 35 and 36 (Waukesha County); between the 

Oconomowoc River and Cedar Creek drainages at T9N R19E Sec 3, the Pike 

Lake and Cedar Lake drainages at TION R19E Secs 5, 6, 7, and 18, and the East 

Branch of the Rock River and Milwaukee River drainages at T12N R18E Secs 

23, 24, 25, and 26 (Washington County); between the West Branch of the Rock 

River and East Branch of the Fond du Lac River drainages at T14N R15E Sec 12, 

and the West Branch of the Rock River and West Branch of the Fond du Lac 

River drainages at TI5N R15E Sec 17 (Fond du Lac County); and between the 

Kimball Creek and Furbush Creek drainages at T39N R12E Secs 33 and 34, and 

the White Deer Lake and Butternut Lake drainages at T40N R12E Sec 34 (Forest 

County). Recent crossover connections linking the Mississippi River and Lake 

Superior drainage basins may have occurred between the Weber Creek and Pine 

Lake drainages at T43N R3E Sec 4 (Iron County); between the Upper St. Croix 

Lake and West Fork of the Brule River drainages at T45N R11W Secs 7 and 8; 

and between the Spruce River and Black River drainages at T45N R15W Secs 24 

and 25 (Douglas County). 

Present and past Illinois crossover connections between the Mississippi River 

and Lake Michigan basins include the low divide, about 2 km wide, between 

the Chicago and Des Plaines rivers, over which the early Jesuit missionaries 

paddled their boats during spring flood stages (Hubbs and Lagler 1964); and 

the Chicago Drainage Canal, which was completed in 1840 and further devel- 

oped at the turn of this century into the Chicago Sanitary and Ship Canal. The 

recent entry of the gizzard shad into southern Lake Michigan is believed to 

have occurred via the Chicago Sanitary and Ship Canal. 

For additional information on fish movements and dispersal routes, see Greene 

(1935) and Hubbs and Lagler (1964). 

Exotic Fishes 

As we have seen, non-native (exotic) fishes reach Wisconsin waters through 

direct introduction by man and through manmade waterways that facilitate pas- 

sage around barriers. Early introductions apparently were made with little fore- 

thought: there was little understanding of the ecological requirements of the fish 

being introduced, little expertise to assure that the stocked fish had a reasonable 

chance of establishing itself, and little knowledge of or concern about the prob- 

able negative impact of the introduced exotic on the native fish population. Dur- 

ing the nineteenth century, management philosophy permitted indiscriminate 

stocking of native and non-native fishes into as many new waters as possible 

(see the sections “Fish Culture and Stocking” and “Fish Rescue and Transfer,” 

above).
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Exotic fishes have also moved successfully through manmade waterways which 

were constructed in the interest of economic expediency. Economic interests 

were responsible for the construction of the Welland Canal (by-pass to Niagara 

Falls), which opened the upper Great Lakes not only to Atlantic shipping but 

to the anadromous Atlantic fishes, several species of which have already be- 

come scourges to the endemic fish community of the upper Great Lakes. Such 

open waterways continue to allow free passage for additional exotic species, 

and fish managers are wondering whether exotics of the future will be as dam- 

aging as those of the past. Several short accounts of Wisconsin’s exotic species 

follow. For more detail, see species accounts in the literature cited. 

In 1872, 25,000 American shad (Alosa sapidissima), native to the Atlantic Coast 

from Labrador to Florida, were introduced in the Mississippi River a few kilo- 

meters above St. Paul, Minnesota (Carlander 1954). In 1873, 70,000 young-of- 

year American shad were released into the Fox River at Appleton (Milner 1874b). 

The absence of progress reports following these records implies extirpation of 

the species in Wisconsin waters. 

Rainbow trout (Salmo gairdneri) and brown trout (Salmo trutta) were intro- 

duced widely in Wisconsin waters during the late 1800s. Both are established 

and reproduce successfully; however, their numbers in lakes and rivers are 

augmented by an extensive stocking program. 

Coho salmon (Oncorhynchus kisutch), chinook salmon (Oncorhynchus tshawy- 

tscha), and Atlantic salmon (Salmo salar) were widely stocked in Wisconsin wa- 

ters during the 1870s. These introductions failed, and the program was discon- 

tinued except for occasional experimental plantings. With the use of new stocking 

techniques from the late 1960s to the present, coho and chinook introductions 

have provided a high rate of return to the angler. Atlantic salmon, stocked dur- 

ing the 1970s in Lake Michigan by the State of Michigan, have been caught 

along Wisconsin shores by Wisconsin anglers. 

In 1959, the cutthroat trout (Salmo clarki) was introduced into a Washington 

County lake, and, in the 1970s, kokanee (Oncorhynchus nerka) were planted in a 

Langlade County lake. The success or failure of these plants has not been pub- 

licized; presumably self-propagation was nil. Hubbs and Lagler (1964) noted 

one record of the temporary establishment of the cutthroat trout in the State of 

Michigan. 

The rainbow smelt (Osmerus mordax) appeared in the Wisconsin waters of 

Lake Michigan in the late 1920s and of Lake Superior in the 1930s. This strain 

was from a plant made in State of Michigan waters in 1912. The rainbow smelt 

reproduces successfully in the Great Lakes and in several inland lakes in Wis- 
consin where it has been introduced. 

The alewife (Alosa pseudoharengus) and the sea lamprey (Petromyzon marinus) 

entered the upper Great Lakes via the Welland Canal and reached Wisconsin 

waters of Lakes Michigan and Superior in the 1930s and 1940s, respectively. 

Both species have reached pest numbers in Lake Michigan, and are undoubt- 

edly responsible for the decline, if not the extirpation, of a number of endemic 

fish species in Wisconsin. 

Four species of exotic minnows are known from Wisconsin. Best known is 

the carp (Cyprinus carpio), which was introduced successfully in 1881 and today 

is distributed in all but seven northern counties. The goldfish (Carassius auratus) 

has been introduced by man in a number of ponds, lakes, and streams of
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southeastern Wisconsin, where it has become successfully established, particu- 

larly in urban areas. The European rudd (Scardinius erythrophthalmus) was intro- 

duced into Oconomowoc Lake in 1917, and at least temporarily bred success- 

fully. No recent records are known (Greene 1935). In the 1970s, Asiatic grass 

carp (Ctenopharyngodon idella) were illegally introduced into several private ponds 

in eastern and southern Wisconsin. The Wisconsin Department of Natural Re- 

sources has poisoned out these waters to prevent what may be another “carp 

problem.” 

Every year a number of tropical fishes from aquariums are illegally intro- 

duced into manmade warm water ponds. Occasionally these produce one or 

more broods during the summer of release. In the early 1960s I seined numer- 

ous guppies (Poecilia reticulata) and several unknown tropical fish from small 

ponds near Allenton (Washington County). Priegel (1967a) reported that a Tila- 

pia species, a native of Africa, had been placed in Supple Marsh adjacent to 

Lake Winnebago, and that in August 1965 a 190-mm specimen was caught by 

an angler using worms as bait. Tropical fish are not known to survive Wiscon- 

sin’s cold winters. 

Although it is now unlawful to introduce exotic fishes into the waters of Wis- 

consin, the problem is a continuing one. More than 100 million fish were im- 

ported into the United States in 1972 alone, and some of these undoubtedly 

were released into public waters. The majority pose no danger to native fishes, 

but the probability exists that one or more species may become uncontrollable 

pests. 

Extirpated and Endangered Fishes 

Each species of fish has its evolutionary lifetime: infancy, when it is newly evolved 

from pre-existing forms; maturity, when it is expanding its range and becoming 

a part of the ecosystem; old age, when its numbers and range decrease; and 

ultimately death. Some species are like weeds. They are everywhere and suc- 

cessfully compete for space and food. Other species hang onto their identities 

by slim threads. They are vulnerable to fishing, to predators, and to slight 
changes in the environment. 

The official Wisconsin Department of Natural Resources listings of fishes placed 

on endangered, threatened, and watch status are given in Wisconsin Depart- 

ment of Natural Resources Endangered Species Committee (1975) and Les (1979). 

I use these official listings for each troubled species in that part of the species 

account entitled “Distribution, Status, and Habitat.” The following paragraphs 

give my personal listings of endangered species, which differ somewhat from 

those of the Wisconsin Department of Natural Resources, although they are 

based on the Department's definitions of endangered fish categories. 

Extirpated Wisconsin species are the skipjack herring, blackfin cisco, deep- 

water cisco, longjaw cisco, shortnose cisco, ghost shiner, ironcolor shiner, creek 

chubsucker, and black redhorse. All were still present in Wisconsin waters in 

the late 1920s. 

Endangered fishes are those in trouble. Their continued existence as a part of 

the state’s wild fauna is in jeopardy, and without help they may become extir- 

pated. They are officially protected by Wisconsin law (Chap. 29.415, Wis. Stat-
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utes). I consider the following species endangered: shortjaw cisco (Lake Michi- 

gan only; common in Lake Superior), kiyi (Lake Michigan only; abundant in 

Superior), gravel chub, striped shiner, and bluntnose darter. 

Threatened fishes are those which appear likely to become endangered within 

the foreseeable future. Species I consider to be threatened are: paddlefish, blue 

sucker, river redhorse, goldeye, longear sunfish, pallid shiner, redfin shiner, 

Ozark minnow, pugnose shiner, starhead topminnow, crystal darter, western 

sand darter (Lake Michigan basin only; common in Mississippi River basin), 

mud darter, gilt darter, and slender madtom. 

Fishes which may or may not be holding their own at the present time are 

given watch status. They are species suspected to have some problem which 

has not been identified or proved. They require special observation to identify 

conditions that might cause further decline, or factors that could help to ensure 

their survival in the state. I place the following under watch status: American 

eel, lake herring, bloater, pygmy whitefish, lake sturgeon, redside dace, speck- 

led chub, pugnose minnow, red shiner, weed shiner, lake chubsucker, black 

buffalo, greater redhorse, pirate perch, and least darter. 

The protection of fish species in trouble is a new concept in many states. 

How does one protect a lake or stream inhabited by an endangered species? 

What are the specific causes for its being endangered? How does one rally pub- 

lic support for preservation of endangered fishes? Fish species in trouble are 

mostly nongame fishes, often minnows and darters, which may be sensitive to 

the slightest alterations in their aquatic habitats. And man, the primary ex- 

ploiter of and competitor for aquatic habitat with these species, is the only crea- 

ture capable of restoring damaged habitat and its biotic treasures. 

The Wisconsin Department of Natural Resources Endangered Species Com- 

mittee (1975:1) observed that 

if wild creatures are disappearing, it is time to consider whether man too may be endan- 
gered. The survival of fish and wildlife and the survival of man are cut from the same 
fabric. Wild things are biological indicators of the health of our environment—barome- 
ters of the future of all life. 

What is really at stake is the well being of the total community of nature of which 
man is a part. We are concerned here with a remarkably interrelated whole, where each 
species has its place. If we eliminate one, we may lose another. Or we may cause the 
malfunctioning of the entire ecosystem. We don’t know the complete role of many ani- 
mals in the outdoor community. Until we do we cannot afford to lose any species.
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Fish Parasites 

Like other vertebrate animals, fishes have parasites. I have generally refrained 

from listing these in the species accounts; the material in this section is pro- 

vided for the fisherman who is curious about parasites in fish he has just caught. 

I have simplified this section by listing only the most frequently encountered 

parasites. Further details dealing specifically with the parasites of Wisconsin 

fishes can be found in Marshall and Gilbert (1905), Pearse (1924a, 1924b), Cross 

(1938), Bangham (1944), Fischthal (1945, 1950, 1952, 1961), Degurse (1961), An- 
thony (1963), and Les (1975). Useful general works on the parasites of North 

American fishes are Davis (1956) and Hoffman (1970). 

The YELLOW GRUB (Clinostomum marginatum) appears as a small (about 6 mm 

long) whitish or yellowish cyst deep in the flesh of the fish, or occasionally just 

beneath the skin. Yellow perch and bluegills are the prime targets, although 

northern pike, minnows, darters, and pumpkinseeds are commonly infected. 

The yellow grub has a complex life cycle. A fish parasitized by a yellow grub 

may be eaten by a great blue heron; the flesh of the fish is digested and the 

grub crawls to the throat and mouth of the bird, where it matures into an adult. 

The adult releases eggs, which are washed out of the heron’s mouth into the 

water as the heron is feeding. The eggs hatch in the water into free-swimming 

larvae that penetrate certain species of snails. In the snail, each larva multiplies 

a thousandfold or more, and when a certain stage of development is reached 

the progeny leave the snail and become free-swimming again. These, upon 

contacting certain species of fish, burrow into the flesh and become yellow grubs. 

Light infections in the fish have no detrimental effect, but heavy infections cause 

the fish to swim more slowly, or may interfere with their growth. There is little 

danger of the yellow grub infecting man, and any parasites of this type are 

killed by thorough cooking. 

The BLACK GRUB, Or BLACK sport (Neascus spp.), is the most conspicuous para- 

site of fish. The parasite appears as a small black spot in the skin, about 1 mm 
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diam. The encysted larva is surrounded by a thin inside wall laid down by the 

worm and a thicker wall on the outside deposited by the fish. The latter is black 

pigmented and is responsible for the black appearance of the cyst. Frequently 

the outer surface of a parasitized fish will have hundreds of cysts, some on top 

of one another, which give the fish a rough and distasteful appearance. Trout, 

bass, perch, northern pike, minnows, darters, and many other species may be 

infested. 

The life cycle of the black grub is complex. A fish-eating bird, usually a king- 

fisher, eats the infected fish. The larva is digested out in the bird’s intestine, 

where it transforms into an adult worm which lays eggs; these pass out into 

the water with the bird’s droppings. The eggs hatch into larvae that swim about 

until they find and penetrate the right species of snail, where they multiply a 

thousandfold. Finally, free-swimming black grub larvae are released from the 

body of the snail; these larvae find a fish and penetrate beneath its scales or 

into the deeper layers of the fish’s muscles. The cycle is then complete. It is 

suspected that heavy infections of black grub would have some unfavorable 

effect on the growth and vitality of fish. The black grub is not harmful to man, 

and it may be safely stated that infested fish are quite edible, even though they 

may not be pleasing to the eye. Skinning infested fish will remove most grubs, 

and normal cooking will destroy all grubs present. 

The WHITE GRUB OF LIVER (Posthodiplostomum minimum) is a widespread and 

economically important larval fluke or trematode. It is most common in blue- 

gills, pumpkinseeds, and rock bass; it occurs occasionally in black basses, min- 

nows, and darters, but rarely in walleyes, perch, and bullheads. The grubs are 

present in thin-walled, transparent cysts in the liver, kidneys, spleen, repro- 

ductive organs, heart, and other body membranes. The complicated history of 

this grub begins when a parasitized fish is eaten, usually by the great blue heron. 

In the bird’s intestine the grub matures into an adult, which produces eggs that 

are released into the water with the droppings of the bird. The eggs hatch into 

larvae and penetrate a particular species of snail, in which several generations
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of larvae develop and multiply. Eventually a free-swimming larva leaves the 

snail, finds a suitable fish, penetrates beneath the scales, and migrates to its 

destination in the liver and associated organs, where it encysts. If sufficient 

tissue is destroyed, the host fish will die; sometimes the liver is almost com- 

pletely destroyed. The white grub of liver, even if swallowed alive, will not 

infect man. Moreover, since the parasite is not found in the fish’s flesh, there is 

little danger of eating grubs, and normal cooking will destroy any grubs pre- 

sent should some accidentally cling to the body membranes in the dressed fish. 

EYE GRuBS (Diplostomulum spp.) are small, flattened, and slightly elongated 

flukes found in the chambers or lenses of the eyes of nearly all species of fish. 

They have been taken from the eyes of suckers, perch, walleyes, sunfishes, 

northern pike, basses, crappies, rock bass, darters, trout, and burbot. A fish- 

eating bird, usually a gull, eats the infected fish and digests out the larvae, 

which then reach sexual maturity in the gut of the bird. The eggs of the eye 

flukes, evacuated with the droppings of the bird into the water, hatch into 

swimming larvae in 2 or 3 weeks. These penetrate a snail, where they develop 

further and multiply. Finally, a fork-tailed, free-swimming larva (cercaria) emerges 

and penetrates the fish host, where it becomes localized in the eye. A popeyed 

condition often results and sometimes develops rapidly. If the invasion is into 

the lens, the lens may become cloudy or opaque. If the infection results in blind- 

ness, the fish, no longer able to feed, gradually becomes emaciated and even- 

tually dies. 

The Bass TAPEWORM (Proteocephalus ambloplitis) occurs in both the adult and 

larval stages of fish. The adult and advanced larval stages (plerocercoid) of the 

bass tapeworm are very common in largemouth and smallmouth bass, and the 

bass tapeworm has also been found in trout, perch, pike, carp, and sturgeons. 

In the adult stage, mature segments of the tapeworm break off and pass into 

the water with the fish feces. These segments disintegrate and the eggs con- 

tained in them are eaten by microcrustaceans called copepods. Inside the cope- 

pods, the eggs develop into larvae. The copepods are eaten by young or adult 

fishes, which become infected with the tapeworm larvae; adult fishes are often 

infected by eating young fish. Although the adult stage of the bass tapeworm 

usually does little harm to the fish, a larval stage, the plerocercoid, may invade 

the fish’s reproductive organs and cause infections; these often result in steril- 

ity. There is little chance of man being infected if the fish containing these lar- 

vae are thoroughly cooked. 

The RIBBON TAPEWORM (Ligula intestinalis) is a yellowish white worm which 

may reach a length of over 0.6 m. It is most often found in minnows, but has 

been reported in perch, bass, suckers, and trout. The adult tapeworm is pre- 

sent in the intestines of fish-eating birds, and its eggs are shed into the water 

along with droppings from the bird host. The eggs develop into ciliated larvae, 

which are ingested by a copepod host; in the host they develop into small, 

wormlike procercoids. When the copepod is eaten by a fish, the procercoid lar- 

vae embed themselves in the intestine of the fish host, where they develop into 

the final larval stage, the plerocercoid. Fish infected with the ribbon tapeworm 

develop a swollen belly; heavy infestations may cause sterility in the fish (see 

picture of spottail shiner, p. 543). The ribbon tapeworm is eliminated when the 

fish is cleaned. Thorough cooking is recommended to ensure against infection. 

Among other fish parasites are the sPINY-HEADED worms (Acanthocephala)
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and RounDworms (Nematoda), which occur in the intestine, although other 

internal organs may be invaded as well. Larval nematodes have been observed 

to cause considerable damage in the body cavity of fish. The kidney round- 

worm, which is found as a larva in the body cavity and viscera of bullheads and 

northern pike, may infect man. However, thorough cooking will destroy this 

parasite. 

FISH LICE (Argulus spp.), GILL LICE (Salmincola spp.), ANCHOR WORMS (Lernaea 

spp.), and LEECcHES (Hirudinea) are large, external parasites commonly encoun- 

tered in Wisconsin fishes. Gill lice infect the gills of trout and salmon; in Wis- 

consin they are found primarily on brook trout. When the trout become crowded 

in a stream or a spring pond, the gill copepod also increases in number until the 

trout die or become so weak that they cannot avoid predators or disease. Anchor 
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worms, attached to the skin and bases of fins, have been reported from sunfish, 

trout, gars, bowfins, perch, drum, and minnows. Heavy infestations can slow 

the growth of a fish, cause it to lose weight, and even kill it. Leeches do not 

parasitize fish for prolonged periods, and damage from leeches to the fish pop- 

ulation of a given lake or stream is usually slight. 

Small white spots on the skin and fins of fish, and to a lesser degree on the 

gills, indicate the presence of the protozoan cH (Ichthyophthirius multifilis). Al- 

though this is a disease parasite commonly associated with aquariums, it is a 

serious parasite in the wild, and heavy infestations can result in the death of 

fish. It is believed that all species of freshwater fish are vulnerable to ich. 

A very destructive protozoan (Myxosporidea) causes the so-called whirling 

or tumbling disease, which affects fingerling trout. The organism, upon pene- 

tration of the cartilages of the trout’s skull and its auditory organs, causes the 

fish to swim about with convulsive, rapid movements, at times turning on its 

back and even leaping from the water. A serious infection may be fatal. If the 

victim does recover, a deformity of the skeleton may affect the fish for life. 

Wherever the myxosporideans have penetrated cartilage, normal ossification is 

prevented, resulting in such deformities as shortened gill covers and fins, and 

fused cheeks which prevent the fish from shutting its mouth. 

Fungi (Saprolegnia spp.), which appear as a white, cottony growth on the 

body of fish such as brown trout in Lake Michigan, can cause considerable 

damage and even death. Such infections of fish are of no danger to humans, 

but often result in fish having an unpalatable taste and unsightly appearance. 

Anglers frequently discard large fish, even of trophy size, that show signs of 

fungus.
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The Species Accounts 

Key to the Distribution Maps 

From 1958 through 1978, 1,882 collections of fish specimens were made in Wis- 

consin waters by me, by student teams under my direction, by cooperating per- 

sonnel from the Wisconsin Department of Natural Resources, and by cooperat- 

ing commercial fishermen. The specimens from these collections were examined 

by me, and some were placed in the Museum of Natural History-Stevens Point 

(UWSP). The locations of these collections are indicated by black dots on the map 

of the fish collection stations and on the Wisconsin fish distribution maps ac- 

companying each species account. Broadly overlapping symbols are omitted, 

and no attempt has been made to indicate the numerous repeat collections made 

at several collection sites. 

The black triangles on the distribution maps accompanying the species ac- 

counts represent records from the Wisconsin Fish Distribution Study (1974-1979) 

of the Wisconsin Department of Natural Resources. They indicate spot loca- 

tions given by computer printout data that were made available to me by the 

study—including the data for all species of fish from the Study’s 1974 and 1975 

collections, and data for rare and endangered species from the 1974 through 

1978 collections. The fish from the Wisconsin Fish Distribution Study have been 

deposited in the Milwaukee Public Museum. I have examined and verified a 

number of specimens from these collections. 

The small open circles on the species distribution maps represent reports given 

in the literature and unverifiable reports from many sources. The latter were 

mainly published and unpublished data from Marlin Johnson (UW-Waukesha) 

and from the Wisconsin Department of Natural Resources, including DNR dis- 

trict files, fish research reports, fish management reports, technical bulletins, 

and surface water resources reports. Surface water resources reports frequently 
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describe a species as being present in a river over a portion of, or along the 

length of, a county; in these cases I arbitrarily plotted a small open symbol at 

the midpoint of the designated county portion. For species found in lakes, the 

symbol was placed in the center of the lake. 

The large open circles on the species distribution maps represent Greene's (1935) 

cumulative records from 1926 to 1928 and his early reports. They are useful for 

comparing the then-known distribution of a fish species with its present distri- 

bution. 

Where several distribution sources tend to overlap broadly, the priorities given 

the different symbols follow the order of the explanations above: the black dots 

have first priority, and the black triangles, small open circles, and large open circles 

follow in that order. Thus a number of Greene (1935) records are not indicated 

on the species maps since those records have been superseded by more recent 

records or reports. 

The small general range maps were prepared from materials appearing in 

recent published accounts. Where possible, attempts were made to pinpoint the 

range of a species to those waters in which it occurs—e.g., the range of the blue 

sucker appears on its map as a dendritic pattern along the major waterways 

where it is found, rather than as a solid black area. 

Organization of the Species Accounts 

In the text which follows, a family description precedes the accounts of the 

Wisconsin species found within that family. The family description gives the 

number of genera and species of that family found in Wisconsin as well as the 

number of genera and species found within the United States and Canada. When 

information on a fossil is available, the geologic age of the fossil is included. 

Each family description also lists the anatomical or physiological features which 

distinguish that family from all others. In addition, features such as edibility, 

economic value, and habits common to the species of this family are discussed 

here. Also included is information pertaining to introduced species which have 

not yet become established in the state and deletions of species which have been 

incorrectly ascribed to Wisconsin waters. 

The species accounts are designed to be useful to the fisherman and naturalist 

as well as to the fishery biologist. Highly technical language has been avoided 

wherever possible; where such terminology has been used, the Glossary (pp. 

51-59) provides clarification. Species accounts include the following information 

about each Wisconsin fish species: 

Species name and its derivation. The common and scientific names generally 

follow Robins et al. (1980). 

Other common names. I have included the common names I encountered in the 

literature. Many are local names, while others are common names used over the 

entire range of the species; I have made no attempt to identify range of usage. 

Common names often result in much confusion, since the same name is often 

applied to a number of different species within a family (e.g., “sunfish”) and 

even to species in different families (e.g., “stoneroller” for a minnow and for a 

sucker). 

Description. The characters included are the family characters and the charac-
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ters unique to the species. Thus, within a family the same characters are exam- 

ined in all species for comparative purposes. Sexual dimorphism and hybridi- 

zation are referred to when such information is available. The systematic notes 

are used to establish relationships between species, and to discuss subspecific 

differences and problems. 

Color and markings are provided where they can aid identification of the 

species and differentiation of the sexes. Color and markings in breeding males 

and females (e.g., the fathead minnow) may be vastly different, so different that 

the nonexpert may take the two sexes for two different species. 

Distribution, status, and habitat. The Wisconsin and general ranges are given 

for each species, followed by a discussion of the status of the species in Wiscon- 

sin. The scale used to define abundance follows Johnson and Becker (1970:265— 

266): 
rare —one or two specimens taken at isolated intervals 

uncommon —taken infrequently in very small numbers 

common —taken frequently in moderate numbers 

abundant —taken frequently in large numbers 

In some accounts of species given endangered or threatened status in Wiscon- 

sin, it has been useful to review the status of such species in neighboring and 

other states. For such species I generally have given all known Wisconsin re- 

cords and their sources in detail. Specimen collections alluded to will often bear 

a museum number. The key to museum abbreviations follows. 

BMNH —Bell Museum of Natural History, University of Minnesota, 

Minneapolis 

INHS —lIllinois Natural History Survey, Urbana 

MPM —Milwaukee Public Museum, Milwaukee 

KU —University of Kansas Museum of Natural History, Lawrence 

ROM —Royal Ontario Museum, Toronto 

UF —Florida State Museum, Gainesville 

UMMZ —University of Michigan Museum of Zoology, Ann Arbor 

USNM —United States National Museum of Natural History, Washing- 

ton 
UWSP —Museum of Natural History, University of Wisconsin-Stevens 

Point 

UWZM —University of Wisconsin Zoological Museum—Madison 

The number of specimens in the collection is given in parentheses following the 

museum number. For example, “UWSP 3225 (11) Mississippi River, Pool 11 (Grant 

County) 1946” is interpreted as: “11 specimens under museum number 3225 in 

the Museum of Natural History, University of Wisconsin-Stevens Point, taken 

from Pool 11 of the Mississippi River opposite Grant County in 1946.” 

Generally a brief description is given of the habitat of the species. For some 

species, where considerable habitat information has been gathered, quantitative 

information (percent) may be given for turbidity, substrates, and river widths. 

The figures for substrates represent the bottom types (frequency percent) re- 

ported in the location of the collection, but may not necessarily represent the 

exact bottom over which the species was taken. 

Biology. This section contains life history data, with special emphasis on fish 

behavior. Wherever possible, the following data are considered:
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Spawning: dates, water temperature and velocity; nest site selection and con- 
struction; fighting, courtship and spawning behavior; factors influencing 
spawning success. 

Fecundity, development, and growth: ratio of gonad to total body weight; egg 
size, color, and number; duration of incubation and development of em- 

bryo; hatching; yearly growth and maximum length and age attained; length 
and age at maturity for males and females. 

Habits: food habits of young and adults, feeding behavior; daily and seasonal 
movements; relationships between individuals within the species and of 
species members to other species of fish; temperature tolerances. 

Importance and management. The significance of the species to other fish species 

(including predators) and to other animals and birds, and its value to man as a 

bait fish, sport fish, and/or commercial fish are discussed briefly. 

Research management for maximum production and yield per hectare are 

given where available. Selected experimental research programs and their prob- 

able impact on the fish population in a body of water are considered.
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Glossary 

abdominal—pertaining to the belly; the pelvic fins are abdominal when they are 
inserted far behind the bases of the pectoral fins. 

acute—sharply pointed; an angle less than 90°. 
adipose fin—the fleshy, rayless fin on the midline of the back between the dorsal 

and caudal fins, as in the trouts and bullhead catfishes. 
age—age (growth) is determined by counting the annuli or growth rings depos- 

ited on scales, spines, or vertebrae. Age is expressed in arabic numerals 
(e.g., 1, 2, 3, etc.) or roman numerals (e.g., I, IL, IIL, etc); 0 is young-of- 

year. The arabic numerals express the yearly lengths of each fish as deter- 
mined by back calculating to each annulus (since the growth of the scales, 
spine, or vertebrae is essentially proportional to the linear growth of the 
fish). The roman numerals generally have been used to express the lengths 
of each age class as determined by the actual field lengths of the fish of 
that age class at the time of capture. 

air bladder—see swim bladder. 
alevin—the newly hatched, incompletely developed fish (usually salmonid) still 

in the nest or inactive on the bottom and living off stored yolk. 
ammocoete—the burrowing, larval stage of the lamprey. 
anal fin—the unpaired fin behind the vent. 
anal fin height—the distance from the origin of the fin to the tip of its anterior 

lobe. 

FG 

anal fin height 
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Topography of a sucker. The sucker pictured has 13 dorsal fin rays; note that the very small rays 
at the front end of this fin are not counted, and that the last fin ray (#13) is divided through its 

base. 

annulus (pl. annuli)—the ringlike marking(s) on scales, spines, and vertebrae 
used to determine age. 

axillary process (pelvic axillary process)—an enlarged, generally pointed scale pro- 
jecting backward from the lateral insertion of the pelvic fin. 

barbel—the slender, flexible process located near the mouth; functional in touch 

and taste. A small barbel is present in some minnow species (see illustration 
of creek chub, page 110). 

basioccipital—the posteriormost bone on the underside of the skull. The pharyn- 
geal pad against which the pharyngeal arches work is attached here. 

benthos—fauna and flora of the bottoms of bodies of water. 
bicuspid—having, or ending in, 2 points. 
body depth—the greatest dorsoventral dimension of the body (excluding the fins 

and their bases). 
body weight—the total weight of a fish. 
bony plates, lateral—small to large platelike bones often arranged in a horizontal 

series on each side of the fish. 
branchial diameter—the greatest lateral width of the branchial (gill-bearing) re- 

gion (see illustration under sucking disc). 
branchial groove—in lampreys, the longitudinal crease above the gill slit open- 

ings. 
branchial myomere—in lampreys, the muscle segment in the region of the gill 

openings. 
branchiostegals (branchiostegal rays)—the bones, ventral to the opercles, which 

support the gill membranes. 
breeding tubercles—the hardened, often thornlike projections from the skin of 

the head, fins, and scales; present in the adult male (sometimes in the fe- 
male) during the breeding season. 

buccal cavity—the cavity of the cheeks or the mouth. 
buccal epithelium—the lining of the cheeks or the mouth. 
buccal funnel—the sucking disc of an adult lamprey; the expanded area, often 

armed with rasping teeth, about the mouth opening. 
canine teeth—conical, pointed teeth which are larger than the other teeth.
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caudal (caudal fin)—the tail fin. 
caudal fin, length of—distance from the hypural notch to the tip of the longest 

depressed lobe. 
caudal peduncle—the narrow region of the body from the posterior end of the 

anal fin base to the base of the caudal fin. 
caudal peduncle depth—the least depth of the caudal peduncle. 
caudal peduncle length—the oblique distance from the end of the anal fin base to 

the midpoint of the hypural notch. 
caudal peduncle scales—the least count of scales around the narrow part of the 

peduncle. 
cheek—the area between the eye and the edge of the preopercle bone. 
chromatophore—a pigment-bearing tissue element or cell. 
circuli—concentric ridges on scales, generally surrounding the focus (inner circle). 
circumferential scales—the (number of) scale rows crossing a line around the body 

immediately in the advance of the dorsal fin. 
circumoral teeth—the large, often modified teeth, generally 3 or 4 in number, 

lying on either side of the mouth opening in adult lampreys. 
cleithrum—the major bone of the pectoral girdle, extending upward from the 

pectoral fin base and forming the posterior margin of the gill chamber. 
compressed—narrow from side to side; flattened laterally. 
concave—curved inward (hollowed), as the free edge of the dorsal fin or the top 

of the head. 
condition, coefficient of (condition factor; K)—The weight-length relationship of a 

fish, expressed as the solution to the equation: 

K =_W(10°) , 
L3 

where K = coefficient of condition of fish in the metric system, 
L = TL, SL, or FL in millimeters (the length used is indicated as a 

subscript to K: e.g., K,,), and 
W= WT of fish in grams. 

convex—curved outward (arched) as the free edge of the dorsal fin or the top of 
the head.
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ctenoid scale—a scale that bears a comblike row, or rows, of small teeth on its 
exposed (posterior) edge. 

cycloid scale—a more-or-less rounded scale that bears no comblike teeth. 
dentary—either of the pair of prominent bones of the anterior lower jaw, usually 

bearing teeth. 
denticle—a small tooth or projection. 
depressed dorsal fin length—the distance from the origin of the fin to the posteri- 

ormost point of the fin as the fin is held pressed to the back. 
digestive tract length—the stretched-out length in situs of the digestive tract from 

the back of the pharynx to its endpoint (the anal opening). 
disc length—the measurement in the adult lamprey along the midline of the 

sucking disc, including the external measurements of the papillary fringe. 
dorsal—pertaining to the back; often used as an abbreviation for dorsal fin. 
dorsal fin(s)—the median unpaired fin atop the back, as in the trouts and min- 

nows; two dorsal fins—the first spinous and the second soft—as in the 
sunfishes, perches, and sculpins. 

dorsal fin height—the distance from the origin of the fin to the tip of its anterior 
lobe. 

dorsolateral scale count—the count of lateral scales (along any row from the third 
to the sixth above the lateral line) from a point below the origin of the dor- 
sal fin and running anterior to the head. 

epilimnion—the upper, warm stratum of water above the thermocline. 
eye diameter—the greatest horizontal distance across the cornea. 
falcate—curved like a sickle. 
filament—an elongated, threadlike ray in a fin; a threadlike part of a gill. 
fin ray—a bony or cartilaginous rod supporting the fin membrane. 
fluke—a flattened, parasitic, trematode worm of the Order Strigeatoidea. 
fontanelle—an aperture or opening in a bony surface, as in the upper skull of 

some suckers. 
fork length (FL)—the distance from the anteriormost margin of the head to the 

posterior tip of the middle ray of the caudal fin. 
gape, width of—the greatest transverse distance across the opening of the mouth. 
gas bladder—see swim bladder. 
genital papilla—the fleshy projection immediately behind the anus. 
gill arch—one of the bony or cartilaginous arches or curved bars extending dor- 

soventrally and placed one behind the other on each side of the pharynx, 
and supporting the gills. 

gill arch, ventral limb of—that portion of the gill arch ventral from the joint which 
is generally near the midpoint of the portion bearing gill rakers. 

gill cover—the bones of the head that cover the gill chamber. 
gill filaments—the threadlike respiratory structures projecting posteriorly from 

the gill arches. 
gill membranes—the membranes below the bones of the head which close the 

gill cavity ventrolaterally, and which are supported by the branchiostegals. 
gill rakers—anterior knobby or comblike projections from the gill arches. 
gill slits (gill openings)—the openings between the opercle and the side of the 

head of the higher fishes. Lampreys have 7 gill slits on each side. 
growth—see age. 
gular membrane—the median soft tissue on the lower jaw or anterior throat, as 

in the mooneyes. 
gular plate—the large, median, dermal bone on the lower jaw or anterior throat, 

as in the bowfin.
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head length—the distance from the tip of the snout or upper lip to the most 
distant point of the opercular membrane. 

hypolimnion—the lower, cold stratum of water below the thermocline. 
hypural notch—the point between the end of the body vertebrae and the begin- 

ning of the caudal fin; the crease in the caudal peduncle made by bending 
the caudal fin to one side or the other. 

included—a term referring to the partial fitting of the lower jaw into the upper 
jaw. “The lower jaw is included.” 

inferior—pertaining to the mouth when it is in a ventral or generally horizontal 
position. 

infraorbital canal—the segment of the lateral line canal system that curves behind 
and beneath the eye and extends forward onto the snout (see illustration of 
mimic shiner, page 128). 

insertion (of fin)—the anterior end of the bases of the paired fins. 
interorbital distance—the least bony distance on the top of the head between the 

eye orbits. 
interradial membrane—the membrane between the fin rays. 
isthmus—the contracted part of the breast that projects forward between, and 

separates, the gill chambers. 
jack—an early-maturing male salmon which returns to spawn a year or more 

before most males of its age group. 
jaw, length of upper—the distance from the tip of the upper jaw to the posterior- 

most point of the maxillary. 
jugular—pertaining to the throat; the pelvic fins are in jugular position when 

inserted in front of the bases of the pectoral fins. 
K—see condition, coefficient of. 
keel—a midventral ridgelike process, either fleshy, as in the golden shiners, or 

of strong spiny scales, as in the herrings. 
lamina, transverse lingual—the anterior tongue plate, which can be straight (linear) 

from side to side, to strongly bilobed, or divided at the middle, as in the 
lampreys. 

lateral length of mouth—the lateral (not diagonal) distance from the corner of the 
mouth to the tip of the lower jaw. 

lateral line—the series of porelike openings along the sides of a fish. 
lateral line canal system—in most fishes, an elaborate pressure- and sound-sensitive 

tubular system, identified by the presence of pored openings on the head 
and a lateral line. 

lateral line scale count—the number of pored midlateral scales from the edge of 
the gill cover membrane to the hypural notch, including the scale (if half 
or more of scale) within the notch. 

lateral scale count—the lateral scale count in the first row above the lateral line. 
lateral series scale count—the number of unpored scales in the position which 

would otherwise be occupied by a lateral line, as well as any pored scales 
that may be present. Count begins from the edge of the gill cover mem- 
brane and terminates with the scale (if half or more of scale) within the 
hypural notch. 

length (of fish)—same as total length. Where distances other than total length are 
used to measure a fish’s length, they are so designated; see fork length and 
standard length. 

length-frequency distribution—a method for indicating age based on the expecta- 
tion that frequency analysis of the individuals of a species of any one age 
group collected on the same date will show variation around the mean length 
according to normal distribution (normal bell curve when graphed); it is
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based further on the expectation that when data for a sample of the entire 
population are plotted, there will be clumping of fish of successive ages 
around successive given lengths, making possible a separation by age 
groups. 

lethal temperature, lower—the lowest temperature at which, after a 12-hour pe- 
riod of exposure and removal to a higher temperature, only 50% of the fish 
recover (Brett 1944). 

lethal temperature, upper—the highest temperature at which 50% of the fish die 
if exposed for 12 hours (Brett 1944). 

mandible—the lower jaw. 
mandibular pores—small sensory openings on the undersurface of the lower jaw. 
maxillary—the lateral bones of the upper jaw. 
melanophore—a black pigment cell. 
mouth, lateral length of—see lateral length of mouth. 
muzzle—the projecting jaws and snout. 
myomeres, trunk—the complete body segments from immediately behind the last 

respiratory pore up to, and including, the segment in front of the vent, as 
in the lampreys. 

nape—the dorsal part of the body from the back of the head to the origin of the 
dorsal fin. 

nonprotractile—not capable of being thrust out; pertaining to the upper jaw when 
the upper lip groove is not continuous over the snout. 

notochord—the stiffening rod in the embryo which runs the length of the body 
from the head to the tail; the precursor to the backbone, persisting in prim- 
itive fishes such as the lampreys and sturgeons. 

nuptial tubercles—see breeding tubercles. 
oblique—having a slanting direction or position; inclined. 
obtuse—broadly pointed; an angle greater than 90°. 
opercle (operculum)—the large posterior bone of the gill cover. 
opercular membrane—the thin membrane along the posterior edge of the gill cover. 
oral valve—thin, transverse membranes, one near the front of each jaw, which 

function together in respiration. 
origin (of fin)—the anterior end of a fin’s base. 
otolith—an ear stone or calcareous concretion appearing in the inner ear of a 

bony fish. Otoliths grow in size through the annual addition of a new con- 
cretion, which is interpreted as a growth (year) mark. 

palatine teeth—the teeth borne by the palatine bones on the roof of the mouth. 
palatines—the paired bones in the roof of the mouth, originating behind the 

anterior expanded tip of the vomer, and lying on either side of the roof 
between the shaft of the vomer and the upper jaw. 

papilla (pl. papillae)—any small, blunt, soft, and rounded protuberance; a nip- 
plelike structure. 

papillary fringe—the membranous fringe surrounding the buccal funnel of the 
adult lamprey. 

papillose—covered with papillae. 
parr marks—the dark vertical marks or oval blotches on the sides of young sal- 

monids. 
pearl organs—see breeding tubercles. 
pectoral fin length—the distance from the pectoral fin’s insertion to its tip when 

the fin is depressed against the body. 
pectoral fins—the paired fins directly behind the head, attached to the pectoral 

girdle at the side of the body or on the breast.
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pectoral girdle—the large bony or cartilaginous arches supporting the pectoral 
fins. 

pelvic fin length—the distance from the pelvic fin’s insertion to its tip when the 
fin is depressed against the body. 

pelvic fins—the paired ventral fins, generally positioned between the pectoral 
fins and the anal fin. 

pelvic girdle (pelvic girdle complex)—the bony plate supporting the pelvic (or ven- 
tral) fins. 

peritoneum—the membranous lining of the body cavity. 
pharyngeal arches—see pharyngeal teeth. 
pharyngeal teeth—the bony toothlike projections from the modified fifth gill arches. 

(These arches are situated behind the gill-bearing arches and just medial to 

the large bones of the pectoral girdle.) Pharyngeal arches and teeth are use- 
ful in the identification of some minnows and suckers. In minnows, the 
teeth in each row are counted in order from the fish’s left to its right: left 
arch outer row, inner row-right arch inner row, outer row. For the creek 
chub, illustrated above, the formula is 2,5—4,2. The common carp has teeth 
in 3 rows on each side (i.e., left arch outer row, middle row, inner row-right 
arch inner row, middle row, and outer row); the formula for the carp is 

1,1,3-3,1,1. 

pharynx—that part of the alimentary canal between the mouth cavity and the 
esophagus. The walls of the pharynx contain gills attached to gill (visceral) 

arches that are separated from one another by gill clefts. 
physoclistous—having the swim bladder isolated from the esophagus. 
physostomous—having the swim bladder connected to the esophagus by an open 

duct. 
plicate—pertaining to pleatlike folds, or soft ridges alternating with grooves. 
pored scale—a scale with an opening into the lateral line canal or a head canal 

(sensory canals). 
postorbital length of head—the greatest distance between the posterior margin of 

the eye socket and the membranous margin of the opercle. 
predorsal length—the distance from the tip of the snout or upper lip (whichever 

is more anterior) to the anterior base (origin) of the dorsal fin. 

predorsal region—the portion of the fish anterior to the origin of the dorsal fin. 
premaxillary—either of the paired bones at the front of the upper jaw.
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preopercle—the sickle-shaped bone that lies behind and below the eye. 
prickles—scales degenerated to points, as in the sculpins. 
protractile—capable of being thrust out; pertaining to the upper jaw when the 

upper lip groove is continuous over the snout. 
pyloric caeca—the fingerlike, blind sacs (pouches) attached in the area between 

the stomach and the intestine. 
ramus—a projecting part or elongated process. 
rays in paired fins, number of—all rays in the pectoral and pelvic fins are counted, 

including the smallest. 
rays, soft—see soft rays. 
rhombic scale—a type of heavy, bony, parallelogram-shaped, nonoverlapping scale, 

as in the gar. 
rudimentaries (rudiments)—short, incomplete rays in fins, as in the bullhead cat- 

fishes. 
sacculus—a cavity or sac of the inner ear. 
scales around the body—see circumferential scales. 
sensory pores—the openings of the lateral line canal system on the body and the 

head. 
serrate—notched or toothed on the edge; sawlike. 

sexual dimorphism—difference of form, color, or structure between sexes of the 
same species. 

sieve apparatus—complexly branched papillae within the mouth of an ammo- 
coete. 

smolt—a young salmon which has undergone physiological changes (including 
enlargement of the thyroid gland, loss of parr marks, appearance of silvery 
scales, and development of the excretory salt cells) prior to downstream 
movement from the parental stream into the lake or sea. 

snout—the part of the head anterior to the eye. 
snout length—the distance from the anteriormost point on the snout or upper 

lip to the front margin of the eye socket. 
soft ray—a segmented (cross-striated), flexible, and often branched support of 

the fin. 
somite—a body segment. 
spine—an unsegmented (not cross-striated), never branched, and usually stiff 

support of the fin. A pointed process on a bone, as the spines on the preo- 
percle of a sculpin. 

spinous (spiny) dorsal fin—the anterior of 2 dorsal fins in a number of fish fami- 
lies, such as the temperate basses, sunfishes, and perches. 

spinous (spiny) ray—a spine of hardened soft rays, fused together, as in the dor- 
sal and pectoral fins of the common carp and bullhead catfishes. 

spiracle—the respiratory opening behind the eye which connects with the gill 
chamber, as in the lake sturgeon. 

splint—the partial ray or half-ray at the front of the dorsal fin, as in the min- 
nows. 

standard length (SL)—the distance from the anteriormost projection of the head 
to the hypural notch. 

subopercle—the bone lying immediately below the opercle and at the angle of 
the gill cover. 

suborbital—below the eye. 
subterminal—pertaining to a mouth which opens slightly ventrally (rather than 

opening at the anterior tip of the head), with the lower jaw sometimes closing 
within the upper jaw.
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sucking disc—the buccal funnel; the expanded region (often armed with rasping 
teeth) about the mouth opening of an adult lamprey. 

supraethmoid-ethmoid complex—the anteriormost structure in the upper skull which 
partially protects the brain. In the adult, the complex represents a fusion 
of 2 distinct bones and is used for differentiating the larger members of the 
bullhead catfish family. 

supraoral cusps—the teeth of the tooth-bearing plate immediately above the mouth 
opening in the lamprey. 

supraoral lamina—the tooth-bearing plate immediately above the mouth open- 
ing in the lamprey. 

swim bladder—the membranous, gas-filled sac in the upper part of the body cav- 
ity which aids in creating buoyancy and in the respiration of some fishes. 

symphyseal knob—the small knob or protuberance at the upper tip of the lower 
jaw. 

symphysis—articulation of the 2 pharyngeal arches or the halves of the lower jaw 
in the median plane of the body (see illustration, page 608). 

teeth—the hard, chewing, tearing, or holding structures usually on the bones of 
the mouth or throat; serrations. 

teeth in lateral rows—those teeth originating with the circumoral tooth on each 
side of the supraoral lamina and radiating outward to the edge of the disc, 
but not including the deflected marginal teeth, as in the lampreys. 

terminal—pertaining to a mouth in which the tips of the upper and lower jaws 
form the anteriormost part of the head. 

thermal stratification—establishment of epilimnion, thermocline, and hypolim- 
nion in a lake or pond. 

thermocline—a layer of water marking a significant temperature change between 
the water above and the water below. 

thoracic—pertaining to the thorax; pelvic fins are thoracic when they are in- 
serted below or slightly behind the pectoral fins. 

total length (TL)—the distance from the anteriormost projection of the head to 
the farthest tip of the caudal fin when the lobes of the fin are squeezed 

together. 
transverse lingual lamina—see lamina, transverse lingual. 
truncate—having the end even or square, as if cut off, as in the caudal fin. 
tubercle—a soft or hardened lump or projection on the surface; see breeding tu- 

bercles. 
unicuspid—pertaining to a tooth having, or ending, in one point. 
vent—the external opening of the rectum or cloaca. 
ventral—pertaining to the belly or to the lower surface. 
vermiculate—wormlike; marked with irregular or wavy lines. 
vertebral column—the spinal column running from the skull along the length of 

the fish, generally terminating at the base of the caudal fin, but occasion- 
ally extending into the dorsal lobe of the caudal fin, as in the sturgeons. 

vomer—the bone lying in the roof of the mouth in the medial position, extend- 
ing posteriorly from behind the jaw. 

vomerine teeth—the teeth borne on the vomer bone in the roof of the mouth. 
weight (WT)—the total weight.
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Abbreviations, Signs, and 
e 

Tables of Equivalents 

avg average(s) mi mile(s) 

¢ centigrade min minute(s) 

cfs cubic feet per second ml milliliter(s) 

cm centimeter(s) mm millimeter(s) 

cms cubic meters per second oz ounce(s) 

diam diameter(s) p- (pp-) page(s) 

dm decimeter(s) (+) (plus sign in parentheses) 1 or more 

F Fahrenheit ppb parts per billion 

FL fork length(s) (see Glossary) ppm parts per million 

ft foot (feet) ppt parts per thousand 

g gram(s) R Range 

ha hectare(s) sec second(s) 

hr hour(s) Sec (Secs) Section(s) 

in inch(es) SL standard length(s) (see Glossary) 

K condition, coefficient of (see Glossary) sp. (spp.) species singular (plural) 

kg kilogram(s) T Township 

km kilometer(s) TL total length(s) (see Glossary) 

Ib pound(s) wk week(s) 

m meter(s) wt, WT weight(s) 
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Temperature—Fahrenheit to Centigrade 

0 1 2 3 4 5 6 7 8 9 

30 -1.1 -0.6 0 0.6 11 1.7 2.2 2.8 3.3 3.9 

40 4.4 5.0 5.6 6.1 6.7 7:2 7.8 8.3 8.9 9.4 

50 10.0 10.6 11.1 11.7 12.2 12.8 13:3 13.9 14.4 15.0 

60 15.6 16.1 16.7 17.2 17.8 18.3 18.9 19.4 20.0 20.6 
70 21.1 217 22.2 22.8 23.3 23.9 24.4 25.0 25.6 26.1 

80 26.7 27.2 27.8 28.3 28.9 29.4 30.0 30.6 31.1 31.7 

90 92.2. 32.8 33.3 33.9 34.4 35.0 35.6 36.1 36.7 37.2 
100 37.8 38.3 38.9 39.4 40.0 

Weight—Pounds and Ounces to Nearest Gram 

Ib 0 1 2 3 4 5 6 

oz 0 454 907 1361 1814 2268 2722 
1 28 482 936 1389 1843 2296 2750 

2 57 510 964 1418 1871 2325 2778 
3 85 539 992 1446 1899 2353 2807 
4 113 567 1021 1474 1928 2381 2835 
5 142 595 1049 1503 1956 2410 2863 
6 170 624 1077 1531 1985 2438 2892 
7 198 652 1106 1559 2013 2466 2920 
8 227 680 1134 1588 2041 2495 2948 

9 255 709 1162 1616 2070 2523 2977 

10 284 737 1191 1644 2098 2552 3005 

11 312 765 1219 1673 2126 2580 3033 

12 340 794 1247 1701 2155 2608 3062 
13 369 822 1276 1729 2183 2637 3090 

14 397 851 1304 1758 2211 2665 3119 
15 425 879 1332 1786 2240 2693 3147 

Note: 1 ounce = 28.35 grams 

Lengths—Inches to Nearest Millimeter 

in mm in mm in mm in mm 

0.5 13 8.0 203 15.5 394 23.0 584 
1.0 25 8.5 216 16.0 406 23.5 597 
16 38 9.0 229 16.5 419 24.0 610 
2.0 51 9.5 241 17.0 432 24.5 622 
2.5 64 10.0 254 17.5 445 25.0 635 

3.0 76 10.5 267 18.0 457 25.5 648 
3:5 89 11.0 279 18.5 470 26.0 660 

4.0 102 11.5 292 19.0 483, 26.5 673 

4.5 114 12.0 305 19.5 495 27.0 686 

5.0 127 12.5 318 20.0 508 27.5 698 
539: 140 13.0 330 20.5 521 28.0 711 

6.0 152 13.5 343 21.0 533 28.5 724 
6.5 165 14.0 356 21.5 546 29.0 737 

7.0 178 14.5 368 22.0 559 29.5 749 
12 190 15.0 381 22.5 572 30.0 762 

Note: 1 inch = 25.4 millimeters
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Keys to the Fishes of Wisconsin 

Structure and Use of the Keys 

Taxonomic keys are artificial devices. Species did not evolve from keys; rather, 
keys are man-made constructions designed to help in the identification of dif- 
ferent species or forms. 

The keys in this book are dichotomous; that is, the characteristics are grouped 
in pairs or couplets of contrasting statements. The user of the key chooses the 
statement which applies to the fish being identified, and then proceeds to the 
next couplet indicated. As inapplicable statements are progressively elimi- 
nated, it will eventually be possible to give the correct species label to the speci- 
men. 

The first of the keys that follow is the Key to the Families. Ten species in 
Wisconsin are the sole representatives of their families in the state. For these 
fishes, the family name is given, and a reference to the page in the book where 
the main species account is found. The families for which this occurs are the 
following: Paddlefishes, Bowfins, Freshwater Eels, Smelts, Mudminnows, Pi- 
rate Perches, Trout-perches, Codfishes, Silversides, and Drums. As an example, 
if the specimen keys out at 12a (PIRATE PERCHES, Aphredoderidae), the user 

of the key is referred directly to the pirate perch account on page 733 in the 
main text. 

All other families of Wisconsin fishes are represented in the state by more 
than one species. For fishes in these 16 families, the family name is given, and 
a reference to a separate key to that family. These keys follow the Key to the 
Families. For instance, if the fish that is being keyed out is a minnow, the user 
of the key will be directed at 21a in the Key to the Families to a separate key— 
Key to the Minnows and Carps (page 107). In this key the 45 known species of 
Wisconsin minnows and carps are separated out and identified to species, and 
after careful searching it should be possible to arrive at the common and scien- 
tific names for the minnow specimen and the page number for that species 
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account in the main text. Here additional data are given for shoring up the 
identification. 

The keys which are given here have been profusely illustrated to provide 
visual clarification for the choices which must be made. These illustrations and 
the diagrams and definitions of technical terms in the Glossary should be con- 
sulted until the language of the keys becomes thoroughly familiar. 

In addition, to aid in the identification of specimens, certain tools should be 
secured and be ready for use if needed. Gross structures can be seen easily, but 
small structures, particularly those in small minnows or young fish only a few 
centimeters long, may require the aid of a hand lens or a broadfield scope. Also, 
a dissecting needle and a sharp-tipped forceps may be helpful in making it pos- 
sible to view hard-to-see fin rays, barbels, and other near-microscopic struc- 
tures properly. For stepping off body distances, a divider is useful, and for the 
examination of internal characteristics, a small pair of scissors will be handy. 

For many species of fish the keying process will not be simple. Indeed, the 
identification of some specimens may prove to be a lengthy, tedious, and frus- 
trating pursuit. For some suckers and minnows, correct identification is akin to 
solving a difficult puzzle. Solution of the puzzle may lead to a sense of joy and 
a feeling of accomplishment. If the specimen does not key out properly, how- 
ever, help can be obtained from the nearest university or from a nearby agency 
of the Wisconsin Department of Natural Resources. And, there is always the 
possibility of finding a “first” for the state.
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Key to the Families 

la. Mouth a sucking disc or hoodlike and without jaws. Pectoral fins ab- 
sent. One median nostril. Gill openings 7 on each side. 
LAMPREYS 
Petromy 20nd ae ecvcsccsarcnncertamanimmesmrconnemeeenennmonccnee depe 77 

1b. Mouth with upper and lower jaws. Pectoral fins present. Two nostrils, 
1 on each side. One gill chamber opening on each side of head........ 2 

2a. Caudal fin forked with vertebral column turned upward and extend- 
ing nearly to tip of upper lobe of fin................cceeeeceeeeeeeeereeeee 3 

- 

la Jeo 
~ “Scans = vertebral column turned upward, 

Vw ax == extendii early to ti 

PX of upper lobe of fin 

2b. Caudal fin unforked, or if forked, vertebral column not extending to 
Upper lobe OFAN : oxscweem eee memocereyemeen eam: A 

3a. Snout long and paddlelike. Scales absent, except for few on tail. Gill 
cover long and pointed posteriorly. 
PADDLEFISHES 
Polyod ontidae tcc scsiescsevinesanamnanavneeanaronsecnmmanacceen Page 2g] 

Lig 

we SC = 

3b. — Snout relatively short and rounded or shovel-shaped. Body with sev- 
eral rows of bony plates. Gill cover short and rounded. 
STURGEONS 
AGIPENSEHIdae csasscmers cere erwon Page 83 

Vl 
Je, 

L, _ é PAARAR aaa ys 

~ == Ao eo eer SX
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4a. _ Dorsal fin single, extending well over % of total length. Anterior nos- 
trils at tips of tubelike extensions: 0...000ccsvuersmesvesmiecices 5 

_ 4b. Dorsal fin single or double but, if single, extending less than % of total 
length. Anterior nostrils not at tips of tubelike extensions ............. 6 

5a. Pelvic fins present. Gular plate present. Dorsal, caudal, and anal fins 
not continuous. 
BOWFINS 
AMlida@nss: ciscciacmmacnemaanmn mem aban maveaerye Page 249 

LLL TELM TLL DD 

NS Lo 

SS “SS 

anterior nostrils 

gular R 

5b. Pelvic fins absent. Gular plate absent. Dorsal, caudal, and anal fins 
continuous. 
FRESHWATER EELS 
AM BUM EE o seceniererntiaeitncinincinansenarmianumcdinoiadecmacemsade Pape 

pelvic fins absent dorsal, caudal, and anal 

fins continuous 

6a. Jaws prolonged into narrow, strongly toothed beak. Scales rhombic. 
GARS 
Lepisosteidae....asierenec.nnicmnernwemaieioonsonenensnacnsaens: Page BB 

Seema @ Ye esosensspnnnonnineen LEZ] 
S SS SS 

Ba rhombic scales
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6b. Jaws not prolonged into narrow, strongly toothed beak. Scales, if 
present, not rhombic. ........... 0.6 ccccceeeceee ee eeeeeneeeeeteeeteneenen 7 

7a. Adipose fin present, sometimes as a low fleshy ridge joined to caudal 

Ly adipose fin 

—O LL, 

<= s 
My adipose fin as a low fleshy rid La y ridge 

WEAN 

7b. Adipose fin absent. .............0... ccc eeceeeeeeeetetetettteeeteeeeerenes LI 

8a. Barbels present, usually 8. Body naked. Each pectoral fin with a strong 
spinous ray. 
BULLHEAD CATFISHES 
Ictaluridae ......... 0... ce cece eee ete eee eeeeess sees esssesssresssees Page 143 

= - 28 VY 
\ WE WW 
RSS spinous ray 

barbels 

8b. _ Barbels absent. Body scaled. Pectoral fins entirely soft-rayed.......... 9
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9a. Scales with single row of teeth along posterior edge (ctenoid). Ante- 
rior base (origin) of pelvic fin below middle of pectoral fin. 
TROUT-PERCHES 
Percopsidae ...........ccece cece eee cence eee eeeseteteteteessserseses Page 739 

VS 
: fd aS St 

2 I SS —= 
— El anterior base of pelvic fin , S 

below middle of pectoral fin / ‘ oe 

I 

ia 6 
\ x A 

‘ 4 scale with single 

row of teeth 

9b. Scales without teeth along posterior edge (cycloid). Anterior base (ori- 
gin) of pelvic fin behind end of pectoral fin.................cceceeeeeeees 10 

10a. Pelvic axillary process present. 
TROUTS 

Salmonidae .......... 0... cece ce ceeee eects ee eeetestetstssssssssesesese Page 89 

4» axillary process 

<=) Zu, xs ) — —_ 

anterior base of pelvic fin 

behind end of pectoral fin 

10b. Pelvic axillary process absent. 
SMELTS 
Osmeridaes: cscs eeererariaeenarenam caer eenersen ss Page 377 

VY, axillary process absent _ Z 

@® No 7 2G 
J << 

SS
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lla. One medial barbel under tip of chin. 
CODFISHES 
Gadidae,.......0 neresaenssnnsmmmcnrcaratnasremcims mmc Pape! 745 

LLM | /, D 

S 
barbel-( WS) GQ 

Iib. Medial barbel:on:chin absent... .icsssisvowrsriereeevasamvwavervaneres 12 

12a. Anus far in front of anal fin, ahead of pelvic fins, except in young, 
where positioned at lesser distances in front of anal fin. 
PIRATE PERCHES 
Aphredoderidae ............0:6cccceeeeeeee ete esereeeessesteseeses Page 733 

“@) Za 
=——~ 

aS 
12b. Anus just:in-front of anal fit... 0. ornennernonevernve mene LD 

13a. Four to 11 dorsal spines not connected to one another by membrane. 
STICKLEBACKS 
Gasterosteidae «..ccnecenemovesmmemermre esis reverse Page 149 

hs fh A AN Re 

Ss . =S 

13b. Dorsal spines, when present, connected to one another by 
Membranes, e.:227 ese ewemarscerw wemmes wrr womemaven ae 14 

14a. Dorsal fin single, without spines or with 1 stout sawtoothed spine ... 15 

Zo saw-toothed spine of dorsal 
L fin of common carp 

14b. Dorsal fin divided into 2 distinct parts, or single and with 4 or more 
SPINS cccsaencm serene nema 22
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15a. Caudal fin rounded ...............cccce cece eee ee ee eeeee ee eeeneeserereeres 16 

USb:: Caudalifin forked)......csidwioase sssesseaiocsesnssannnctcsrenscarinerimeaemncerntn LZ! 

16a. Most of length of pelvic fin behind anterior base (origin) of dorsal fin. 
Groove of upper lip not continuous over snout. 
MUDMINNOWS 

Umbridae...... 6... cece etree cette reeetsstersereseseess Page 385 

groove of upper lip not i 

continuous over snout KL) 

= 
x ZA) | 

most of pelvis fin behind 

anterior base of dorsal fin 

16b. Most or all of length of pelvic fin lying in advance of anterior base 
(origin) of dorsal fin. Groove of upper lip continuous over snout. 
KILLIFISHES 

Cyprinodontidae «3. isccxsiivis seavvnes cesee siete visseeiacesse.e. Page 148 

LD 
a i 

most or all of pelvic fin in advance 

of anterior base of dorsal fin
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17a. Gill slits extended far forward below. Gill membranes free from throat 
with lower (anterior) margins overlapping on midline of throat....... 18 

| \ gill slits extended 

| \ J far forward below 

gill membranes free 
| j from throat 

| gill membranes with lower margins 
| overlapping on midline of throat 

Ventral view of head 

(mooneye) 

17b. Gill slits not extended far forward below. Gill membranes united to 
throat either narrowly or broadly with lower (anterior) margins not 
overlapping on midline of thrOdtinusswers menses emer 20, 

(PR) gill membranes not overlapping 

h on midline of throat 
Ali 

i 

fh \ gill membranes united 

‘ to throat 

é ill sli ded HN A icrard below 
Ventral view of head 

(golden redhorse) 

18a. Snout strongly flattened dorsoventrally (shaped like a duck’s bill). Scales 
present on side of head. Pelvic axillary process absent. 
PIKES 

Es0cidae crsrveysisas wore ees meverenamereses rs resaeenasy Page 105 

axillary process absent 

ip 
: . ; Ez ——74 

S SX S) 

18b. Snout oval to rounded in cross section (not shaped like a duck’s bill). 
Scales absent on side of head. Pelvic axillary process present.......... 19
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19a. Midline of belly with strong spiny scales forming a sawlike keel. Lat- 
eral line absent. Gular membrane absent. 
HERRINGS 
QMPCidde cme weememnrmemnenreemnconwwewerecwwes Page 86 

. 5 

axillary process 

19b. Midline of belly without strong spiny scales. Lateral line present—at 
least in part. Gular membrane present. 
MOONEYES 
Hiodontidae:s ciccccccomncnccmimenmimmmnmsseaiemcsren Page’'S8 

lacs 
zg 

/__> 

——-, 

a. membrane 

20a. Dorsal fin with 1 stout spine doubly saw-toothed posteriorly (see il- 
lustration under 14a). 

COMMON CARP and GOLDFISH 
Cyprinidae, in part evs.csgeessersisexeyssvaneesieveeseseress coves Page 107 

& fie sear #9 

=
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20b. One dorsal fin without spines .............0.cecceeeeeeeeeeeeneeeeesesene 21 

21a. Dorsal fin with 8 or 9 principal rays. Mouth not fitted for sucking. 
Anal fin placed forward; distance from front of anal fin to base of 
caudal fin (hypural notch) (B) contained less than 2.5 in distance from 

front of anal fin to tip of snout (A). 

MINNOWS 
Cyprinidae) dn part).ccinanmarmnecmmwremecmmmeepaaecuee Page 107 

P< A | B 

Ye equals less than 2.5 

21b. Dorsal fin with 10 or more principal rays, or, if only 9, then lateral line 
absent or reduced to a few pores. Mouth generally inferior and fitted 
for sucking. Anal fin placed posteriorly; distance from front of anal 
fin to base of caudal fin (hypural notch) (B) contained more than 2.5 
in distance from front of anal fin to tip of snout (A). 
SUCKERS 
Catostomidaens:s:cmerwswers mmm nmmmmenammesscangenes Page 130 

PL 

=e 
\ — 

Fl ; ‘SS ) 

A B 

~e equals more than 2.5 

a 

h@ One eee eee 

= 
SS
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22a. Body scaleless, or with prickles only. Pelvic fin with 3 or 4 soft rays. 
Anal fin spines absent. 
SCULPINS 
COTA ennitcks crmmesnonenursnenaemmninnnenumnettaamaae: LApe LOB 

A . 2 

SF, CME 

22b. Body scaled. Pelvic fin with 5 soft rays. Anal fin spines present, 1 or 
MOL axial cures nM mpl T eee ZS 

23a. Pelvic fin far back with anterior base below or behind end of pectoral 
fin. Mouthparts elevated and beaklike; mouth opening dorsally well 
above midline. Anal fin soft rays 20 or more. 
SILVERSIDES 
Atherinidae.......... 060. e cece cece cece teers eeseeeteessssessseees Page 767 

a = a << 

SSS 

23b. Pelvic fin far forward with anterior base below middle or anterior half 
of pectoral fin. Mouthparts neither elevated nor beaklike; mouth 
opening at or below midline. Anal fin soft rays 18 or fewer............ 24 

24a. Caudal fin bluntly pointed, central rays moderately elongated. Dorsal 
fin soft rays 24 or more. Lateral line extending to end of caudal fin. 
DRUMS 
SCIGNIAAC cstexe ees amr eryrerawe women emacs Page 955 

M® |\\ PA) nn = 
SS a~SS 

4 ~ S>\ lateral line’extending 
S SSS: to end of caudal fin 

24b. Caudal fin forked, square, or rounded. Dorsal fin soft rays 21 or fewer. 
Lateral line scarcely or not extending onto caudal fin................... 25
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25a. Anal fin spines 1 or 2. 

PERCHES 
POP aG cea: xa reermaenmemeaerre se ammnnonenmacmamnaniennien Page: 158 

SX ) —_ - 
— OV 

Wi, ; 
© J EB = 

KK (KO 

25b. Anal fin spines 3 Or MOFE........06 cee eceseeeesseteeeeeneeecneensneeserees 26
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26a. Spinous dorsal fin and soft dorsal fin separate or only slightly con- 
nected. One sharp spine near back of gill cover. Margin of preopercle 
strongly saw-toothed. 
TEMPERATE BASSES 
PeFCICHthYIdAE worsss sedewgemenrene canara smannanaamneminmeresmnmone Page 150 

— EC 
sharp spine . CK ( 

margin of preopercle 

strongly saw-toothed E 

26b. Spinous dorsal fin and soft dorsal fin well connected with, at most, a 

deep notch between them. No sharp spine near back of gill cover. 
Margin of preopercle usually smooth; weakly saw-toothed in a few 
species. 
SUNFISHES 
Centrarchidae ............0..00ccce eee eeeee eee eeeeeeeeseeeseesesseess Page 151 

wlth Mi 

QS — 

N 

MLL
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Key to the Lampreys 

la. Two distinct dorsal fins either close together or well separated. Trunk 

MYOMETES 65 OF MOTE neci nm nmasienammennae 

Ammocoete with 2 dorsal fins 

Adult with 2 dorsal fins 

1b. One continuous dorsal fin sometimes shallowly notched. Trunk 
MyOMeEres 62 OF [EWE .....ncererneeninnertetacntenennednerssiemecsciae OD 

— 
Ammocoete over 40 mm (1.5 in) TL with 1 dorsal fin 

Adult with 1 dorsal fin 

2a. Sucking disc hoodlike, without papillary fringe. Complexly branched 
papillae (sieve apparatus) filling mouth opening. No teeth. Eyes ru- 

dimentary. 
ATHIMOCOELE ves carmormunexssosem eC OE eB 

= sucking disc hoodlike 

ak 
BA 

without 5 ay 
papillary fringe hess 3 

Yin) 
p BY Pg sieve apparatus; 

no teeth 

American brook lamprey ammocoete 

(P. W. Smith 1973:4)
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2b. Sucking disc round or oval with papillary fringe. No sieve apparatus 
within mouth opening. Horny teeth present. Eyes functional. 

sucking disc with act ke 
papillary fringe Pg 9 408 

° Yo oped s o% 

is il aN | 
=| ( £ 3) \ 

8 

AOR SS Ds e re 
a a — S horny teeth 

Dg eS 
ALT : 

Nee Z 
“Se 

American brook lamprey adult 

(P. W. Smith 1973:4) 

3a. Caudal fin spade-shaped (bluntly pointed), with pigmentation con- 
centrated on and near notochord only. Lower edge of caudal peduncle 
unpigmented. Lower half of upper lip unpigmented. Suborbital area 
completely unpigmented. Unpigmented band above branchial groove 
equal to about 2 widths of branchial myomere. Precursor of tongue 
darkly pigmented, swollen at base. 
AMERICAN BROOK LAMPREY (ammocoete) 

Lampetra appendix (DEK ay) wionsnresoconmmmammaremeiiessanamsea Pape 216 

set. Terese 

ai ener 

ia st: sis Rell Fgeg Laila ae Se 

(2) GA Bernier 

Tail region of (1) American brook lamprey ammocoete, and (2) 
sea lamprey ammocoete. Note in (2) beaver-tail shape of pig- 
ment on tail and well-pigmented lower edge of caudal peduncle. 

(Vladykov 1950:84)
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A ETO ee Z an Se 5 % 4 a 

gare eR ae a 
hi 9, | 2 a Fe SE Sey, : 

f fae ie . FT a age - —_= =. as " 

ae sities Catasaalc sibel IAM yh at vd matty 

(1) / 
er 6.8 Ber”! 

ae cas a 

gg eg FP SENDS Ny PATOL ( 2 vies 4 A a WF 
Rh oaete,: pe EE ap egy Preap ta 

RO. ~tid, 7 
ee el how 4 (2) shales safe 

GA Bernier 
Head region of (1) American brook lamprey ammocoete, and (2) 

sea lamprey ammocoete. Note in (1) absence of pigment on up- 
per lip and suborbital and branchial regions. (Viadykov 1950:82) 

expose precursor of 

tongue by cutting area 

shown by dotted lines 

and bending back flap 

i : swollen at base; ea 
t 1 pigmented | | TH" FPA 
1 / je | | 
\ t | | \ i \\ { / I | / cae \ 
\ | \ / \\ \ 

s I \\ 

\ i | \ / \\ | 
| } | { \\ | 

(1) (2) 

Precursor of tongue in (1) American brook lamprey ammocoete, 

and (2) sea lamprey ammocoete. 

3b. Caudal fin typically rounded, with pigmentation from notochord to- 

ward extremity of caudal rays. Lower edge of caudal peduncle well 

pigmented. Lower half of upper lip pigmented nearly to lower edge. 

Suborbital area well pigmented. Unpigmented band above branchial 

groove less than width of single branchial myomere. Precursor of tongue 

unpigmented, tapered at base. 
SEA LAMPREY (ammocoete) 

Petromyzon marinus Linnaeus...........-060ee0eeeceeeeeeeeeeeeeees Page 211



80 Keys to the Fishes of Wisconsin 

4a.  Supraoral lamina of sucking disc with 2 widely separated teeth; 3 pairs 
of bicuspid circumoral teeth, no lateral teeth beyond these. 
AMERICAN BROOK LAMPREY (adult) 
Lampetra appendix (DeKay) o.0..0s0scvesssssssservsianeneseeceeveees Page 216 

oe s yi + a 

Srna fb. , ; 
Spe QQ, * Ogee er, supraoral lamina with 2 

Sy 3 ig pent g ONE widely separated teeth 

a ox ) E circumorals, 3 pairs 

s Les | of bicuspids 

“ea yt ee ; ‘no lateral teeth 

Ne wo 
Se 

American brook lamprey adult 

(P. W. Smith 1973:4) 

4b. Supraoral lamina of sucking disc with 2 narrowly separated teeth; 4 
pairs of bicuspid circumoral teeth, 5-7 lateral teeth per radiating row. 
SEA LAMPREY (adult) 
Petromyzon marinus LinnaeuS.............60600eeeeeeeeeeeeeeeeeeeee Page 211 

supraoral lamina with 2 MR WTA 
‘arvaity separated teeth sili, circumorals, 4 pairs 

wy a yp 0sG of bicuspids 

S oS OS, Org0 5G, \ 
= say S D ah ey lateral teeth, 
Sot OB 5-7 per row SOQ ay 
Be" By 
Ooi ORS 
Oy S28 8ST EARN 
Mii nie Y 

\ 

Sea lamprey adult 

(P. W. Smith 1973:5) 

5a. Sucking disc hoodlike, without papillary fringe. Complexly branched 
papillae (sieve apparatus) filling mouth opening. No teeth. Eyes ru- 
dimentary (see illustration under 2a). 

Ichthyomyzon ammocoete. (Separation of the larval lampreys of this 
genus is not possible at this time.) 

5b. Sucking disc round or oval with papillary fringe. No sieve apparatus 
within mouth opening. Horny teeth present. Eyes functional. 
Ichthijerniyzovadlt ocx ome co ee 6
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6a. Length of sucking disc into TL greater than 20. Disc small, greatest 
branchial diam into length of disc 0.4-0.9. Teeth degenerate—small, 
blunt. 
NORTHERN BROOK LAMPREY 

Ichthyomyzon fossor Reighard and Cummins ...................... Page 204 

givin, 

SEER, 
length of disc JS Z oA sc ow eT 

g ee é es blunt 

BG ~B 

py ces oS 

“—~ greatest branchial diam——_ 

Northern brook lamprey adult 

(P. W. Smith 1973:5) 

6b. Length of sucking disc into TL less than 20. Disc large, greatest bran- 
chial diam into length of disc 1.0-1.8. Teeth functional—large, sharply 

POINTE. cetnierimerseernrenietenveicerenssntetsiniesedisteatonian etonantiseannomitenteromemarcamamemeis OL
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7a.  Circumoral teeth (with rare exceptions) all unicuspid; teeth in anterior 
row 3 (2-4); teeth in lateral rows 6 or 7 (4—8). Length of sucking disc 

into TL 11.1 (8.2-14.8). Trunk myomeres 51 (46-53). 

SILVER LAMPREY 
Ichthyomyzon unicuspis Hubbs and Trautman ..................... Page 201 

teeth in anterior row <I ter, 
ously 3 ‘ Kor 39075 ey teeth in lateral rows 

& cetas 9 OFF %, usually 6 or 7 
Me 2a poehe ae 

circumoral teeth Se eA=4) BOn's y b | 
unicuspid 4 u “s og » De ee 2 

Bor oo & Qo KE 

Boo? Ae oe 
Bio eSs0% s we 
® © Si oy 
a See ms op thy Dips «5 AS 

CO / 
Silver lamprey adult 

(P. W. Smith 1973:6) 

7b.  Circumoral bicuspid teeth 6 or 7 (3-8); teeth in anterior row 4 or 5 (3- 
6); teeth in lateral rows 7 or 8 (6-10). Length of sucking disc into TL 
12.3 (10.3-16.2). Trunk myomeres 53 (51-56). 
CHESTNUT LAMPREY 
Ichthyomyzon castaneus Girard ............0.0cceeeeeeeeeeeeeeeeseees Page 208 

SST ey, 
teeth in anterior row £8 ges oF aS 
usually 4 or 5 BESS ol bone % teeth in lateral rows 

Ko OV OVC 5 AOS usually 7 or 8 

circumoral teeth BOOS bcos 
bicuspid usually 6or7 | BY 37 SC alo B 

Boe OF Mw Qo eo IR 
Bre oF: Go oo < Ve 
Be oF G00 eo 
DeKIG oy 

6 TK Qryr< 6 LeZKs 
\ 4 as wus” Af 

Chestnut lamprey adult 

(P. W. Smith 1973:6)
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Key to the Sturgeons 

la. Barbels smooth. Lower lip with 2 posterior lobes weakly to strongly 
papillose. Spiracle present at anterior end of the groove continuous 
with gill slit. Caudal peduncle partly naked; length of caudal pedun- 
cle (A) less than distance from origin of anal fin to insertion of pelvic 
fins (B). Dorsal lobe of caudal fin without a long filament. 

LAKE STURGEON 
Acipenser fulvescens Rafinesque...........0.00:00seceeeeeeeeeeeseees Page 221 

barbels smooth 

itt 
[JVM 

[ \ 

| \ | Vi \ 
lower lip with 2 lobes 

dorsal lobe without a long filament 

spiracle present RAL ne \ 

i ) SISMBMHMIMIy—_- 
i> WRyac acd oo. ey QE INI Sy <P ad SS Sr B A 

Ais less than B
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1b. _ Barbels fringed. Lower lip with 4 posterior lobes strongly papillose. 
Spiracle absent. Caudal peduncle covered with bony plates; length of 
caudal peduncle (A) greater than distance from origin of anal fin to 
insertion of pelvic fins (B). Dorsal lobe of caudal fin with a long fila- 
ment (sometimes broken off). 

SHOVELNOSE STURGEON 
Scaphirhynchus platorynchus (Rafinesque) ..................+00+0... Page 227 

{ | LI barbels fringed 

lower lip with 4 lobes dorsal lobe with a long filament 
(sometimes broken off) / 

< “a 

SAAAA SSS See 

L“ B A 

Ais greater than B
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Key to the Gars 

la.  Snout width at level of nostrils into snout length 15.6 (13.4-16.5); snout 

length into TL 4.7 (4.3-5.4). Head length into TL 3.3 (3.0-3.6). 

LONGNOSE GAR 
Lepisostéus 0sseus \(ittaeus) wcccinoncamomummesiannsan Page 244 

snout width at level 
of nostrils = 

{ 

po 
snout length ———_—_ 

head length ss 

1b. Snout width at level of nostrils into snout length 6.8 (5.3-10.5); snout 
length into TL 7.1 (6.0-7.9). Head length into TL 4.1 (3.8-4.4). 
SHORTNOSE GAR 
Lepisosteus platostomus Rafinesque ............+:sscseeeeeeeeeeeeves Page 241 

oo 

<=.
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Key to the Herrings 

la. Snout blunt. Lower jaw included within upper jaw; mouth opening 
terminal or inferior. Last dorsal fin ray extending as a free filament, 
much longer than adjacent rays. Dorsal fin is behind origin of pelvic 
fin. Anal fin rays more than 20. 
GIZZARD SHAD 
Dorosoma cepedianum (Lesueur)............sceseeseeeeeseeeeeeseess Page 273 

dorsal fin J 

behind origin 1 ff, free filament 
ofpelvicfin + Y/ 7 He 

mY 

nN = Z 

® 
/ ' LF SN 

lower jaw included J S 

IN SS 
\) 

1b. Snout pointed. Lower jaw extends beyond upper jaw; mouth opening 
superior. Last dorsal fin ray about equal in length to adjacent rays. 
Dorsal fin is directly over or slightly in advance of pelvic fin. Anal fin 
fays fewer than 20 smewemucmmmn nme aveesen 2
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2a. Gill rakers on lower limb of first gill arch 41-44. Lateral series scales 
42-50. Jaw teeth small, weak, and few; teeth on tongue absent. 
(Great Lakes drainage) 
ALEWIFE 
Alosa pseudoharengus (Wilson) ...........060000ceseeeeeeeeseeseeees Page 265 

f; We 

jaw teeth weak or absent Ht 

om & y x 
\ 
X \ 4 

=e = 
SX 

2b. — Gill rakers on lower limb of first gill arch 20-30. Lateral series scales 
53-60. Jaw teeth prominent; teeth on tongue in 2-4 rows. 
(Mississippi River drainage—extirpated in Wisconsin) 
SKIPJACK HERRING 
Alosa chrysochloris (Rafinesque).............0s000s0eeeeeeeeeeseseses Page 270 

jaw teeth prominent Mb» 

Zz 

.® = 

2  \ 
4 © Ss
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Key to the Mooneyes 

la. Anterior edge of dorsal fin in front of anal fin. Dorsal fin with 11 or 12 
rays; its base about % anal fin base. Fleshy midventral keel from base 

of pelvic fin to vent. Maxillary short of, or just to, middle of pupil. Iris 
of eye silvery. 
MOONEYE 
Hiodon tergisus Lesueut joie. sssscssoninewmoiesoneavnesvonnes Page 284 

anterior edge of dorsal fin y 

in front of anal fin : Mr», 

; Z 

y— = 
— A S 

illary short of, WS i 
oF juste, mnidile ' SS 

of pupil : 

1b. Anterior edge of dorsal fin even with or slightly behind anterior edge 
of anal fin. Dorsal fin with 9 or 10 rays; its base about % anal fin base. 
Fleshy midventral keel from isthmus to vent. Maxillary extends be- 
yond middle of pupil. Iris of eye yellow. 
GOLDEYE 
Hiodon‘alosoides (Rafinesque) wssvescsseissersneonsney coareeorenesess Page 281 

anterior edge of dorsal fin 

even with, or slightly behind, 

anterior edge of analfin LZ) 
Z 

: LZ 

maxill tend: LZ Y psi KS 
of pupil
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Key to the Subfamilies of the Trouts 

la. Mouth large; maxillary extends behind center of eye. Lower jaw (den- 
tary) with a low dorsal lobe. Teeth on lateral parts of upper and on 
lower jaws. Scales in lateral line more than 100. 
TROUTS and SALMONS 
Salmoninae ........... 60 ce cece cece cence eeeeeeeseesetsttsessessssees Page 90 

low dorsal lobe 

maxillary behind center of eye eee if 

=e PESOS. > a - 

OR (rainbow trout) 

Head and dentary of Salmoninae 

1b. Mouth small; maxillary does not extend beyond center of eye. Lower 
jaw (dentary) with a pronounced (often sail-like) dorsal lobe. Absence 

of teeth on lateral parts of upper and on lower jaws. Scales in lateral 
line fewer than 100. 
WHITEFISH and CISCOES 
COPEL ONINAC ss icimsesnwaciromemmame saNEamE IA Page 98 

maxillary not beyond center of eye ae dorsal lobe 

a teeth ee 
absent fess 

2 é 
(lake herring) 

Head and dentary of Coregoninae
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Key to the Trouts and Salmons (Salmoninae) 

(See page 96 for young up to 125 mm) 

la. Mouth whitish in adults. Anal fin rays 8-12 (15). Branchiostegals usu- 
My 10H? os csicsnvecianinremarrnET ee OL 

ox 

9 o 
0) v 

‘0 0 @® 
p 0 J 

0 9 
0 0 = 

TEN Al = 
lower mouth whitish branchiostegals 

1b. | Mouth blackish in adults. Anal fin rays 13-19 (12). Branchiostegals 
usually 12-19. 

Oncorhynchus Spp........0cccccceeececeeneeeeeneneeetsssessssesessssssesese 7 

\) 
) 

0) 

(chinook salmon) (coho salmon) 

lower mouth blackish 

2a. Body with black or brown spots on light background (spots sparse in 
Salmo salar). Scales in lateral series fewer than 160. Teeth on head and 
shaft of vomer (often concealed by oral valve; see illustration under 
2b). 
SALMO'SPD: axa caeeneas 08005. dae Mdlanemegeeneraenenemawamendammenvatemeneneranece, B 

SS SS NS i 
(Atlantic salmon)
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2b. Body with light spots (occasionally red) on dark background. Scales 
in lateral series more than 160. Teeth on head of vomer only. 
Salvelinus Spps vsgexsveseepesaeeceeeners rmascoeremmmne: 8 

fe 

—— Le AG 

a So. a go Tet 3 RE 
> ee see Sie 

a So ee S RE 

\ SS 
(lake trout) \) 

premaxillary with teeth 

KSPR head of vomer with teeth 

maxillary with teeth 

/) \ edge of oral valve (covers 
ki) \\ anterior vomer and palatines) 

: palatine with teeth 

\ it shaft of vomer 
| YW without teeth 

A A Ny 

§ | B Ry A & / | a 

Dentition in roof of mouth 

(brook trout)
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3a.  Vomerine teeth little developed, those on the shaft of the bone few 
and deciduous. Anal fin rays 9. Adults with X-shaped spots on side. 
ATLANTIC SALMON* 
Salmo salar Linnaeus ...........60.6cece eee eeeeeeeeseseeeeereesseess Page 290 

ee => GE 

° Meaigt 52 . . a . . . ss * . ’ 

SS S| * SS BS “SS = 

3b. | Vomerine teeth well developed, those on the shaft of the bone nu- 
merous, persistent, and arranged in 1 zigzag or 2 alternating rows. 
Anal fin rays usually 10-13. Side usually with round spots. ............ 4 

4a. _ Black (or brown) spots large and diffuse, scarcely developed on caudal 
fin; reddish spots more or less strongly developed (often surrounded 
by a light border). Adipose fin orange or red-orange, without dark 
margin or spots. No pink to rose stripe along side of body. 
BROWN TROUT 

Salmo trutig Linnaeus voccecimcssnnnasicvamnamencnwney Page d91 

LEE adipose fin 

- ai oy * Se es a <2 ee 

TO 1 ee eae Ot a tot Re, 

A = ~ 
<——— = _ < S| ‘ 

SS 
SS = 

*The Atlantic salmon in spawning habit and the brown trout are 

confusing. Additional characters for separation are: 

Branchiostegal Dorsal fin Red-orange _Lateral line 

rays rays on adipose fin scales 
Atlantic 

salmon usually 110r12 11 0r 12 none 109-121 

Brown trout usually 10 9-11 on margin 120-130
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4b. Black (or brown) spots small and sharp, well developed on caudal fin; 

red spots totally absent. Adipose fin olive, with black margin or spots. 
Broad pink to rose stripe present along side of body. 
RAINBOW TROUT 
Salmo gairdneri Richardson .............0:0seeeeeeeeeeeeeseeeeeeees Page 298 

CER 
CEES NNR TER Stn EN NB 

TE aban sty ag aati wales PA eee 

5a. Caudal fin little forked. Body red spotted in life. Lower fins each with 
black stripe near leading edge. Gill rakers 9-12. Mandibular pores 
usually 7 or 8 on each side. 
BROOK TROUT 
Salvelinus fontinalis (Mitchill) .............00sccseeeeeeeeeeeeeeeeeees Page 316 

= > L oe] 
S | \ 

G — \ See SI” eee <Q ~~.) 

lower fins red with leading edge white followed by black stripe 

5b. Caudal fin strongly forked. Body not red spotted in life. Lower fins 
without black stripe. Gill rakers 12-14. Mandibular pores usually 9 or 
10 OR EACH SIEGE ... ccs cece ce 6
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6a. Body depth into TL 3.8-5.5. Top of head describing a more-or-less 
straight line from back of head to tip of snout. 
LAKE TROUT 
Salvelinus n. namaycush (Walbaum)............00.00.000cceeeeeeeees Page 323 

5 
eeu eee ence at) 

Lo SO ee me 

- 

6b. Body depth into TL 3.1-3.8. Top of head a bent line above eye and a 
shortened snout. 
SISCOWET 
Salvelinus namaycush siscowet (Agassiz)* ...............00...4+.044. Page 330 

<2 

-@ sR emarner 

LS VS? <J 

—_ 

“Hubbs and Lagler (1964).
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7a. Scales in lateral line 147-205. Large black spots on back and both lobes 

of caudal fin, largest as large as eye. Gill rakers on first arch 24-35. 

Breeding males with distinct humpback. 

PINK SALMON 
Oncorhynchus gorbuscha (Walbaum) .......---+++1++0rreereererees Page 304 

.s 8 @ \ ® 6 a e RE 

a <> 
</ oS 

QO 

ee? <S 
(breeding 3) 

7b. _ Scales in lateral line 112-165. Spots on back and caudal fin small, larg- 

est as large as pupil of eye. Gill rakers 16-26 on first arch. Breeding 

males without humpback.......-..-0.-:00eeseereeeesesse ee et ees ese sees 8 

8a. Entire mouth, including gums, black (see illustration under 1b). Anal 

fin rays 14-19. Pyloric caeca 140-185. Small black spots on both lobes 

of caudal fin. 
CHINOOK SALMON 
Oncorhynchus tshawytscha (Walbaum) .......++++++++10ssreseeseeee Page 312 

8b. Gums whitish (see illustration under 1b). Anal fin rays usually 11-15. 

Pyloric caeca 45-114. Small black spots, when present on caudal fin, 

on upper lobe only. 
COHO SALMON 
Oncorhynchus kisutch (Walbaum) ....-+++++++-+5serrerrreeeeeeeeeees Page 307
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Key to Young Trouts and Salmons up to 125 mm: 

Ja. Rays in anal fin 8-12. Dark spots on dorsal fin present or absent...... 2 

1b. Rays in anal fin 12-19. Dark spots on dorsal fin absent................. 6 

2a. _ Dorsal fin without dark spots, and first dorsal ray not black. 
LAKE TROUT 
Salvelinus n. namaycush (Walbaum).............0+s0seeeeeeeeeeeeees Page 323 

“Tee, GO) Fe 8BO 
OJ 

2b. Dorsal fin with distinct dark spots, or with first dorsal ray black ...... 3 

3a. _ Red or yellow spots on lateral line between or on parr marks (may be 
missing in hatchery-reared fish and in preserved specimens); com- 
bined width of dark areas along lateral line about equal to or greater 
than width of light areas ............. 60.0 cc ccc eee eee eee eee eeeteeteeeereees A 

3b. Red or yellow spots absent; width of dark areas along lateral line less 
than width of light areas. 
RAINBOW TROUT 
Salmo gairdnert Richardson so ssssc.uesnsssesscneosevesonesnsesss Page 298 

KE 

OTP OO RUBS 
— 

4a. Pectoral fins long, as long as depressed dorsal fin. Caudal fin deeply 
forked, center rays about % the length of longest. 
ATLANTIC SALMON 
Salmo salar LANNACUS ss:sescscavswowmeavessreorsepmaaesswesmecwonss Page 290 

oe 
&S& GO°SE°O8-G--exn Ei OMT ERT ( 

4b. Pectoral fins shorter than depressed dorsal fin. Caudal fin not deeply 
forked, center rays definitely more than % the length of longest....... 5 

*After McPhail and Lindsey (1970:133-135) and Carl et al. (1967:56-58).
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5a. No definite dark spots other than parr marks below lateral line; 8 or 9 
wide parr marks, widest about equal to eye diam. 
BROOK TROUT 
Salvelinus fontinalis (Mitchill) .................00c00eeeeeseeseeeeeees Page 316 

© seeegaedee 
— < —) ~~ 

5b. Small black spots above and below lateral line in addition to parr marks; 
about 11 parr marks, none as wide as eye diam. 
BROWN TROUT 
Salmo tutta LINNACUS 0.00 ener minnnncmwvecey Pagel 

6a. Parr marks absent. 
PINK SALMON 
Oncorhynchus gorbuscha (Walbaum) ..........+.0+0+:seseeeeeeeeeees Page 304 

Fis ert erere Sa 

<2) 

6b. ‘Parr marks present as dark vertical bars or oval blotches................ 7 

7a. _ First rays of anal fin elongated, producing concave outer margin to 
fin; leading edge of fin with white stripe followed by dark stripe (best 
seen when fish is immersed in water against dark background). Tail 
reddish. 
COHO SALMON 
Oncorhynchus kisutch (Walbaum) ...........6.06s00seeeeeeeseeeeeess Page 307 

7b. First rays of anal fin not elongate; fins usually not colored. 
CHINOOK SALMON 
Oncorhynchus tshawytscha (Walbaum) ..............000:00e0se00e+8. Page 312 

OS ate BRB 
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Key to the Whitefish and Ciscoes (Coregoninae)- 

la. Single flap between nostrils. Gill rakers fewer than 22.................. 2 

4 Poi gill filaments 

foes) \ 

pg eel (round whitefish) 
single flap between nostrils Anterior gill arches showing gill rakers 

(Koelz 1929:515) (Koelz 1929:327) 

1b. Two flaps between nostrils. Gill rakers usually more than 22........... 3 

A 

ey | » & 7 i, XN YN SN 
af i FD PRS 

a oe i WN TT \S Je fp i2Z GANS 
ae 2 aE ~) Sa 

Ee eapsenel (lake whitefish) (blackfin cisco) 

2 flaps between nostrils Anterior gill arches showing gill rakers 

(Hubbs and Lagler 1964:51) (Koelz 1929:327) 

2a. __ Lateral line scales 55-70. Scale rows around body usually 33-37. Scales 
around caudal peduncle 18-20. Pyloric caeca 15-23. 
PYGMY WHITEFISH . 

Prosopium coulteri (Eigenmann and Eigenmann).................. Page 369 

ZZ 

, a * 2 < Z 

ee Se a 
WS 
X 

*Relative fin lengths for ciscoes are illustrated on page 104 below. 
For additional aid in identifying Great Lakes ciscoes, consult Par- 

sons and Todd (1974).
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2b. Lateral line scales 80-100. Scale rows around body usually 42-46. Scales 
around caudal peduncle 22-24. Pyloric caeca 87-117. 
ROUND WHITEFISH 
Prosopium cylindraceum (Pallas) wisi ercoinasiinsnerssanwenviconneaes Page s72 

J 

lp : 
ae ZZ 

os 
LL => . © SS 

3a.  Premaxillaries pointing backward, giving front of snout a rounded 
profile. Upper jaw usually contained 3 or more times in head. Gill 
rakers 19-33. 
LAKE WHITEFISH 
Coregonus clupeaformis (Mitchill)..............00ssseeeeeeeeeeeeeees Page 335 

Uj, VY, 
_— MY i _ _ 

“ 5 ZA 
©) ota 2 

\ S : 

Wav 
NY, 

premaxillaries premaxillaries 

pointing ) pointin &)) 

~w) SS) 

3b.  Premaxillaries point forward, giving front of snout a pointed profile. 
Upper jaw seldom contained more than 3 times in head. Gill rakers 
usually more than 31*.............:cceseeees esses ee eeeeeeetreeseseesseenees A 

*Some authors give the generic name Leucichthys to the 8 species of 
cisco which follow. For details substantiating a Coregonus-Leucichthys 

separation, see Vladykov (1970).
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4a. _ Tip of lower jaw jutting beyond upper jaw................::cceeeeee 5 

long—K" @ equal — @) 
S 

ee, Ss 

4b. Lower jaw equal to or shorter than upper jaw...............:ccceeeee 7 

5a. _ Lower jaw stout (ramus thick), no pigment; symphyseal knob usually 
absent. 
LONGJAW CISCO 

Coregonus alpenae (Koel) .........1.ccsesesecseneccuscseeseesseensee Page 353 

pigment 

little to none C. alpenae 
Spawn—fall, November 

b= Rakers—medium length and 
long WP number, 36-43 (33-46) 

Fins—medium long 
stout, gY Pi ligh’ 

no pigment 4 a, igment—light 

(Courtesy of S. H. Smith) 

5b. _ Lower jaw frail (ramus thin), medium pigment; symphyseal knob 
PE CSE IE so csnse:nsecexanceseucasnioseacn sinieasnreinisnieceiininnetiamieeetisernsrotiineneaiemunenmeamnuen IO
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6a. Gill rakers medium long, about length of gill filaments, and usually 
36-41. Paired fins very long, pelvics usually reaching to anus or be- 
yond. Body deeper forward than medially. Eye very large, equal or 
nearly equal to snout. 
KIYI 
Coregonus kil (RO01Z) ois ccccwcsssonsscccimsessammanoneoee Page 361 

pigment large 

ney C. kiyi 
Spawn—fall, October 
Rakers—medium length and 

long —— 6) number, 36-41 (34-45) 
UN“ Fins—very long 

frail, , — 4 Pigment—medium 

medium pigment ~< Thin body; large eye 

(Courtesy of S. H. Smith) 

6b. — Gill rakers long, longer than longest gill filaments, and usually 41-44 
(40-47 in some deepwater races). Paired fins long, but pelvic fins sel- 
dom reach anus. Body deepest medially. Eye large, but less than length 
of snout. 
BLOATER 
Coregonus hoyi (Gill) ......... 0... .cec cece cere eeeeeeeeeeeeeeeeeeeeeees Page 356 

pigment 

light 

C. hoyi 

Spawn—spring, (?) March (?) 
long e) Rakers—long and medium in 

frail SS} “y number, 41-44 (37-48) 
rail, as . 

medium pigment = YS al aie 

(Courtesy of S. H. Smith) 

7a. Lower jaw oblique and equal to upper jaw; posterior end of upper jaw 
usually reaching anterior edge of pupil ..........-...s1eeeeeeeeeeeeeesees 8 

7b. Lower jaw underslung (ventral) and usually shorter than upper jaw; 
posterior end of upper jaw often reaching middle of pupil............. 10
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8a. Gill rakers usually fewer than 33. 
DEEPWATER CISCO 

Coregonus johannae (Wagner)............0.000sceeeeeeeeeeeeeeeeeeees Page 367 

YO Ms 4 il Se A ie ‘ Ys oN 

\ Tell j UZ HET OS 
\ / gill fil Sa BETS EANNNS 

(deepwater cisco) (lake herring) (blackfin cisco) 

(Koelz 1929:327) 

8b. — Gill rakers usually 46-50........... 0.06 cece ec eeeeeeee eee tees eeeeeeeeenes O 

9a. Body deepest medially. Lower jaw weak; symphyseal knob present. 
Body elongate and almost round in cross section. 
CISCO or LAKE HERRING 
Coregonus artedii Lesueur ..... iccccseceservvenenmsesierdeedeaeveses Page 341 

pigment 

dark 

C. artedii 
Spawn—fall, Nov-Dec 

equal —— @ Rakers—long and many, 

46-50 (41-51) 
weak, Fins—medium 
medium pigment > Pigment—dark 

(Courtesy of S. H. Smith) 

9b. Body deeper forward than medially. Lower jaw stout; symphyseal knob 
absent. Body broad and very deep. 
BLACKFIN CISCO 
Coregonus nigripinnis (Gill)...........0....00ccsceeeeeeeeeeesseseeees Page 364 

pigment 

heavy 

C. nigripinnis 

Spawn—winter, Dec-Jan 
@) Rakers—long and many 

equal —! ) 46-50 (41-52) 
stout, fy Fins—medium long 
medium pigment —— a, ~ Pigment—very dark 

. Thick, deep body 

(Courtesy of S. H. Smith)
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10a. Snout long—snout into head length usually 3.3-3.6. Premaxillaries at 
angle of 60-70° with horizontal. Gill rakers usually 38-42 and approx- 
imately equal to length of gill filaments. Paired fins medium long. 
SHORTJAW CISCO 
Coregonus zenithicus (Jordan and Evermann).................+.... Page 350 

pigment 

medium light 

C. zenithicus 

Spawn—fall, November 

@ Rakers—medium length and 

on number, 38-42 (35-44) 
a f Fins—medium 

RaBiaene = 2 Pigment—medium dark 

(Courtesy of S. H. Smith) 

10b. Snout short—snout into head length usually 3.4—4.0. Premaxillaries 
at large angle, often vertical (90°) with horizontal. Gill rakers usually 
34-38 and shorter than gill filaments. Paired fins very short. 
SHORTNOSE CISCO 
Coregoniis reighardl (R012) ioe: cass ssaexecsawnnecss cxommexevssvneoos Page 347 

pigment short 

heavy snout 
C. reighardi 

Spawn—spring, April-May 

AC ) Rakers—short and low in 

short SQYXYY number, 34-38 (30-43) 
stout LD. Fins—very short 

median pigment —~= Pigment—dark 
Short snout; adult small 

(Courtesy of S. H. Smith)
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Relative paired fin lengths of Great Lakes ciscoes* 

RYY X< 

> 

aK 
sae — < | 

> 

LQ) 

° aa, => < } 

A. Short fins: typical of C. reighardi and large C. artedii. 

B. Intermediate fins: typical of C. artedii, C. hoyi, C. zenithicus, 
and some C. nigripinnis. 

C. Long fins: typical of C. kiyi, some C. hoyi, and some C. nigri- 
pinnis. 

*After Parsons and Todd (1974).
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Key to the Pikes 

la. | Sensory pores on undersurface of jaw 4 on each side (rarely 3 or 5). 
Cheek and opercle fully scaled. 
GRASS PICKEREL 
Esox americanus vermiculatus Lesueur ............0.00s0e0eeeeeeee. Page 393 

cheek and opercle 

fully scaled ~ LZ 

Be: LZ 

Se) — 
=> ee SS 

1b. | Sensory pores on undersurface of jaw usually 5 or more on each side. 
Cheek and opercle not fully scaled. .250:c.:cccwrseewseserercereress 2 

°[,\s 

oy 1 Pe sensory pores 5 on each side 

el |e 
WA. ie VA WM 

WN iN 
branchiostegal rays 14-16 

on each side 

(northern pike)
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2a. Sensory pores on undersurface of jaw 5 on each side (rarely 4 or 6). 
Cheek fully scaled; only upper portion of opercle scaled. Branchio- 
stegal rays 14-16 on each side. Body a dark background color with 
horizontal rows of light-colored, bean-shaped spots in adults. 
NORTHERN PIKE 
Esox:lucius Linnaeus: sss0s casas vrsconenst tmrmemewmuasesyse) PARC BIB 

cheek fully scaled 

only upper portion Uy Ye 
of opercle scaled fii fj MY Yes, 

ee yyy EE 

SS == = <Q’ SO SS 

oT Wns RSs 

SW 

2b. Sensory pores on undersurface of jaw 6-9 on each side. Only upper 
portions of cheek and opercle scaled. Branchiostegal rays 16-19 on 
each side. Body a light background color with dark spots or narrow 
vertical bars. 
MUSKELLUNGE 
Esox masquinongy Mitchill..............c0sceeseeeeeeeeeeeeneeseeenss Page 405 

only upper portions of cheek 

and ———————— / 

Omer 2) 

Se E « 
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Key to the Minnows and Carps 

Ja. _ Dorsal fin with more than 11 soft rays. Dorsal and anal fins each with 
a strong, serrated, SpINOUS TAY sicsies clio eomnenmmnnenwes 2 

serrated spinous ray no spinous ray 

oP. EA 
LEBP Lg 

LL AGL PD, S| 

(goldfish) (golden shiner) 

1b. Dorsal fin with fewer than 10 soft rays. No spinous ray in dorsal or 
ANAL ING icssiccusren soncsnmemmmnc ste RECOM EEEIERN NE OF 

2a. Upper jaw with 2 fleshy barbels on each side. Lateral line scales more 
than 32 (except in “leather” or “mirror” types). Gill rakers on first arch 
21-27. Teeth 1,1,3-3,1,1. 
COMMON CARP 
Cyprinus carpio LinnaeuS.........0.0.00sccccvevecveseseeesensrecses Page 419 

rl 

Za 

A 

2b. No barbels on upper jaw. Lateral line scales fewer than 32. Gill rakers 
on first arch 37-43. Teeth 4-4. 
GOLDFISH 
Carassius auratus (Linnaeus) ...........66.06ccseceeeeeesseeneeeseeee Page 428 

DS
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3a. Cartilaginous ridge (“chisel”) of lower jaw prominent and separated 
from lower lip by definite groove. Intestine wrapped around swim 
bladder. Teeth 4-4 0... ... cece cece cece eee eeee tees etetettseeeneeeen A 

prominent cartilaginous groove separating 

ridge of lower jaw GEES “chisel” from lip 

(largescale stoneroller) 

3b. — Cartilaginous ridge of lower jaw hardly evident and not separated by 
definite groove from lower lip. Intestine not wrapped around swim 
bladder. Teeth in 1 or 2 rOWS ...... 0... ccc cece eee eect eteeteeneeeeene 5 

4a. Scale rows around body just in front of dorsal fin usually 31-36. Lat- 
eral line scales usually 43-47. 
LARGESCALE STONEROLLER 
Campostoma oligolepis Hubbs and Greene.................+.+++-+.. Page 481 

) "5? 
e) ye . ? » , », 5 1 Zz] 

eZ d » d 

SS 

4b. Scale rows around body just in front of dorsal fin usually 39-46. Lat- 
eral line scales usually 49-55. 
CENTRAL STONEROLLER 
Campostoma anomalum (Rafinesque)..............0:ssseseeeeeeeees Page 476 

5@ Bre 
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5a. Upper lip connected to snout by bridge of tissue (i.e., groove of upper 
lip.is not continuous:Over snout) ....0cicbemvecmvcniaoemrnsrsnswes 16 

groove not continuous 

over snout 

(i / y barbel JN 

(blacknose dace) (longnose dace) 

5b. Groove of upper lip continuous over snout (see illustration under 7a)... 7 

6a.  Snout projecting beyond lower lip less than 1 mm. Mouth slightly 
oblique. 
BLACKNOSE DACE 
Rhinichthys atratulus (Hermann).............00.6.0000s00e0seee0ee8. Page 467 

6b. — Snout projecting beyond lower lip 1-3 mm or more. Mouth horizon- 
tal. 
LONGNOSE DACE 
Rhinichthys cataractae (Valenciennes) ...............0000es0ee00e04. Page 472 

e pb re 
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7a.  Barbel flat or round, appearing in lip grooves at corners of lips or in 
groove of upper lip at a short distance anterior to corners ............. 8 

groove of upper lip 

ee ee ee Tre i over snout 

‘ @) 2 dissecting needle 
“e —<Z A depressing mandible 

VY to expose barbel 
(o— 3 

aa = barbel, sometimes hidden in groove 

(creek chub) 

7.  Barbel absent cscesssscwesa,cisencmamnsoreeniass semenancvassanrwcenesann: LG 

8a. _ Barbel in lip grooves at corners of lips (as in blacknose dace; see illus- 
tation UNEr5a) acon omncmm nie oO 

8b.  Barbel in groove of upper lip at a short distance anterior to corners (as 
in creek chub; see illustration under 7a)............00cceeeeeeeeeeeeeeneee 14 

9a. Dorsal fin membranes well pigmented, especially on midportion of 
membranes between first and fourth rays. Approximately 16 large tu- 
bercles in 3 rows on snout. 
Breeding male of the 
BLUNTNOSE MINNOW (See illustration under 32a.) 

Pimephales notatus (Rafinesque) .............0eeeeeeeeeeeeeeeeeeees Page 595 

ff VP xy, IW Ip WY (®) 
Wp Ker 

(bluntnose minnow) = 

9b. Dorsal fin membranes pigmented poorly or not at all. Tubercles, if 
present, scattered on other parts of head as well as snout.............. 10 

10a. Body with X-, V-, Y-, and variously shaped dark marks. Peritoneum 
black. Teeth 4-4. 
GRAVEL CHUB 
Hypbopsis x-punctata Hubbs and Crowe.............sscesseseeeeeees Page 489 

vay 5 
\ 4 << 

<@) QM). a, coe a 
oe > 

Sas <<
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10b. Body not marked or with rounded spots on sides. Peritoneum silvery 
10 CUEKY ni isos mene ommnnmmmncmmmmencmenca 11 

lla. Length of protruding portion of barbel about equal to diam of pupil 
of eye. Prominent dark speckles on body. Teeth 4-4. 
SPECKLED CHUB 
Hybopsis aestivalis (Girard) ..........ss0sscseercscesessecseeseeeseess Page 495 

oo ee Pe 
> (gSDR < SS 

11b. Length of protruding portion of barbel considerably less than diam of 
pupil of eye. No dark speckles on body sissies ccoerevesscnsesonsexe 12 

12a. Lateral line scales more than 55. Teeth usually 2,4—4,2 but variable. 

LAKE CHUB 
Couesius plumbeus (AgaSSizZ) ...........00c0cseeeeeeeeeeseeseeseesees Page 463 

YS SS 
Ke —<— < 

SX S 

12b;, Lateral.line scales fewer than. 45... ....nccnnensones cnsisiceineassienameneioniane LB 

13a. Caudal fin length greater than head length. Caudal fin pigmented on 
rays and membranes except on last 2 ventral rays and membranes, 
hence showing a distinct white ventral edge. Teeth 1,4—4,1. 

SILVER CHUB 
Hybopsis storeriana (Kirtland) 0. ..ccconiiawsevcemaemomaenes Page 492 

~ et & 
« SS
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13b. Caudal fin length less than head length. Caudal fin, if pigmented, not 
showing a distinct white ventral edge. Teeth usually 1,4—4,1 (occa- 

sionally 4-4). 
HORNYHEAD CHUB 
Nocomis biguttatus (Kirtland).............:.0seeeeeeeeeeeeeeeeneeees Page 485 

A. 

J S ) SS 

SS 
14a. Mouth large, upper jaw extending at least to below front of eye. Lat- 

eral line scales usually 50-60 (occasionally more). Black spot on dorsal 
fin near front of base (indistinct in young). Teeth 2,5-4,2. 

CREEK CHUB 
Semotilus atromaculatus (Mitchill) ..................00cseeeeeeeeesee. Page 437 

o® Nise Be Yee Bite taleccasdcieteoanstles 

YS = < LES 3 SS 
14b. Mouth small, upper jaw not extending to below front of eye. Lateral 

line scales usually 65 or more. Spot absent or indistinct on dorsal fin 
NEST Fase scenes eraunaranncey ARATE CHR AERaerisemmeememnmenmemnemnne LS 

15a. Lateral line scales usually 65-75. Sides frequently mottled by special- 
ized dark scales. Teeth usually 2,5—4,2. 

PEARL DACE 
Semotilus margarita (COPe) ........csseceseeseceeseeeseeseeersseeeees Page 442 

° ©; RE oh eat acornesghaamay peel a 

S 
15b. Lateral series scales usually 80 or more (occasionally fewer). Sides not 

mottled by specialized dark scales. Teeth 5-5. 
SOUTHERN REDBELLY DACE (See illustration under 20b.) 
Phoxinus erythrogaster (Rafinesque) .............0.0seeseeseeeeeeees Page 455
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16a. Mouth very large; distance from anteriormost edge of lower lip (man- 
dible) to corner groove almost % of head length. Teeth usually 2,5-4,2 
(occasionally 1, 4-3,1). 
REDSIDE DACE 
Clinostomus elongatus (Kirtland) ..............0.0.0scseeeeseeeeeeees Page 446 

Ge a GN IEE eo See 

NN 2) 5B eee ceececceeeee ) oui ies hibaamansesaesde g ¢ 

So 

16b. Mouth smaller; distance from anteriormost edge of lower lip to corner 
groove about % of head length or less..................seceeeeeeeeeeeeeee 17 

17a. Principal rays of dorsal fin typically 9 (anterior half-rays are not in- 
cluded in the count). Interradial membranes of dorsal fin dusky to 
dark, except for membrane between rays 5 and 6 and parts of adjacent 
membranes which are clear and generally devoid of pigment. Teeth 
5-5. 
PUGNOSE MINNOW 
Notropis:emiliae (Hay) :sssnvwssssonnsonmanimemenucccacyes ABC DZD 

KEE 

EE 
LE 

si 8 oe ee ener Cte 

2S NS 
ZS 

yy tr aR 
anterior f Y fs 47 ~ ee 

halt WM 
wey Wf YW SA Zn 

Ll jij 22 Viz, 
mouth view 

17b. Principal rays of dorsal fin typically 8 (anterior half-rays are not in- 
cluded in the count). Interradial membranes of dorsal fin clear or ex- 

hibiting different color pattern from above...............6cceeeeeeeeeee es 18
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18a. Lateral line scales (or lateral series scales) more than 65................ 19 

18b. Lateral line scales (or lateral series scales) fewer than 60 ............... 21 

19a. Body with single dusky lateral stripe; back with dark brown cape. 
Teeth 2,5-4,2. 
FINESCALE DACE 
Phoxinus neogaeus COPC ......-. 0s eee eeeeeeeeeeeeeeeeeeeeeeereeeesees Page 451 

Be SS & =<<_— 

19b. Body with 2 dark lateral stripes; back without dark brown cape. Teeth 

20a. Chin slightly anterior to upper lip. Mouth sharply oblique, usually 
more than 45° with horizontal, and more curved. Length of upper jaw 
less than, about, or a little more than % length of head. 
NORTHERN REDBELLY DACE 
PRORINUS C08 (COP) sccsunsrercarrscecreeiessrreieotonssnerestacneces PAGOESD. 

: 9 eens aes A 

<a | AZ rrr S WY SS 
chin slightly anterior S&S SS 

to upper lip 

20b. Upper lip anterior to lower lip and chin. Mouth slightly oblique, usu- 
ally less than 45° with horizontal, and little curved. Length of upper 
jaw from about % to considerably more than % length of head. 
SOUTHERN REDBELLY DACE 
Phoxinus erythrogaster (Rafinesque) ..............s:ssseseeeeeeeeeee Page 455 

ea HEPES SR tcc me eee 

Se Ze 2 
ST Sw SS 

upper lip anterior S NS 

to lower lip and chin =
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21a. Lower lip with thickened lateral lobes which, with upper lip, gives 
scroll-like or fiddlehead appearance. Teeth 4-4. 
SUCKERMOUTH MINNOW 
Phenacobius mirabilis (Girard) .......... 000.000 cceseeeeseeeeeeeseeees Page 499 

L ao ey MW arpa 

lips plicate 

Asma i Ay \\ and papillose 

/ / \ \ 
(suckermouth minnow) 

21b. Lower lip normal, without thickened lateral lobes ..................4.+. 22 

22a, Anal fir rays’ typicall¥ 93s sscessvrmesemeussyenmoapeneaversnes 123 

BAYS ls cei cde wh Brays tuw.1 2 3.4 5.878 

AA =<€£XAy FH Yo fy YH Y LZ. Uf thy, 

ZBhiigep igh huis Gif Pe Co pf 

(common shiner) (bigmouth shiner) 

Note that the last ray of the fin, ray 

#1, is split to the base and appears 

as 2 closely spaced rays. It is identi- 
fied as a single ray by the small space 

between the ray elements—a much 

smaller space than the spaces be- 

tween the other fin rays 

22b. Anal fin rays typically 7 or 8 o..csisccesswcstemsreesoseserersverseesves 29
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23a. Origin of dorsal fin opposite origin of pelvic fin or slightly anterior. 
Anal fin-rays typically 9 09 10 wis isivsssecvclsssesessersveresvescenseees 2M 

1 Origin of dorsal fin opposite origin 

| of pelvic fin or slightly anterior 

| 
| 

| 

| | 
(common shiner) 

' origin of dorsal fin distinctly 

| posterior to origin of pelvic fin 

| 

| 
' 
\ ) 

\ © I 

SS \ af 

' 

(emerald shiner) 

23b. Origin of dorsal fin distinctly posterior to origin of pelvic fin. Anal fin 
rays typically 11-13 (rarely 9, commonly 10).............0.0:ceceeeeeeees 26 

24a. Dorsal fin membranes pigmented. Teeth 4—4 to 1,4-4,1. 
RED SHINER 
Notropis lutrensis (Baird and Girard) ...............s.0:s0ss0e0e005. Page 554 

§ 

Ze 

@ \- SERS, CO) YB 
“SS 

24b. Dorsal fin membranes unpigmented. Teeth 2,4-4,2 ..........:0c0cee0e8 25
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25a. Anterior dorsolateral scale count (from point below dorsal fin origin 
to head, along any row from third to sixth above lateral line) 18-24 
(16-30). No dark stripes on back meeting in Vs posteriorly. Pigment 
on chin largely absent (a few chromatophores may be seen along edge 
of lower lip). 
COMMON SHINER 
Notropis cornutus (Mitchill) ccccsscccvsissnconwers canexeseavnne Page 518 

J ZL = 

—— . 

SS 

> pigment = pigment 
G largely Op EEN present 

l 2 absent ff AY 

(common shiner) (striped shiner) 

25b. Anterior dorsolateral scale count 13-16 (12-19). Dark stripes running 
between scale rows on back, meeting in Vs posteriorly. Pigment on 
anterior third of chin. 
STRIPED SHINER 
Notropis chrysocephalus (Rafinesque) .............:sseeeeeeeeeeeeees Page 523 
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26a. Abdomen before vent with fleshy keel over which scales do not pass. 
Keel edged with half-scales. Teeth 5-5. 
GOLDEN SHINER 
Notemigonus crysoleucas (Mitchill) ............0.00.s0seeeseeeeeeeees Page 432 

SS => < 

SS 

fleshy keel 

vent 

nce inpeee ee are ene Se 
2 V a Sb ate EY, 

half-scales 

edging keel whole scale 

26b. Abdomen before vent rounded and scaled. Teeth 2,4—4,2 ............. 27 

27a. Dorsal fin with black spot at its extreme base anteriorly. Lateral line 
scales 41-48. 
REDFIN SHINER 
Notropis umbratilis (Girard) ............60ccceeceece eet eeeeeeeeeeeees Page 514 

* ce 4 SSE, ThA Sia SU GS RES eee ese 

S&S 

27b. Black spot at base of dorsal fin absent. Lateral line scales 36-41....... 28
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28a. Head length in adult greater than 4 SL. Snout elongated and sharp, 
its length greater than % distance from posterior margin of eye to pos- 
terior margin of head. Small chromatophores on chin usually confined 
to outside margin of chin. 
ROSYFACE SHINER 
Notropis rubellus (Agassiz) 0.0.2... 06.06.c0cc ccc ccsescueceecueeeees Page 510 

YZ, 
©) jane 
= a QF SS 

ee small chromatophores = large chromatophores 
ey 8 on outside margin of chin (i on midportion of chin 

(rosyface shiner) (emerald shiner) 

28b. Head length in adult less than % SL. Snout short and blunt, its length 
less than % distance from posterior margin of eye to posterior margin 
of head. Large chromatophores on anterior half of chin, particularly 
on midportion. 
EMERALD SHINER 
Notropis atherinoides Rafinesque ................00000e00eseeeeeeeees Page 505 

} oe Rh TSW esr aagcaate : snes 
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29a. Anal fin rays typically 7.0.0.0... 0... .e cc cec cee eeeeceee eee seetssesesseseees 30 

29b. Anal fin rays typically 8.2.0.0... 00.00. cc cece cece eee eeee eee eeseeseeeeeesees 35
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30a. Scales of back anterior to dorsal fin tightly crowded. Lateral scales 40 
or more. Frequently a dark blotch on anterior membranes of dorsal 
fin near its base. First half-ray of dorsal fin separated from first full 
ray by membrane. Peritoneum silvery, blackish, or black. Teeth 4-4.. 31 

30b. Scales anterior to dorsal fin normal, not crowded. Lateral scales fewer 
than 40. Membranes of dorsal fin clear. First half-ray of dorsal fin closely 
attached to first full ray. Peritoneum silvery. Teeth in 1 or 2 rows...... 33 

31a. Body deep, its depth into SL less than 4. Mouth almost vertical. Diges- 
tive tract long, 1.4-1.7 TL. Peritoneum black. 
FATHEAD MINNOW 
Pimephales promelas Rafinesque..............-000se0eeesssseeeeeeee Page 600 

T 

“© < YG se, MERE ennepene Et ay 
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31b. Body almost cylindrical, its depth into SL greater than 4. Mouth slightly 
oblique to almost horizontal. Digestive tract less than 1.3 TL. Perito- 
MeumMisilvery Or blacks sensiimesnisos baroomenmecmnmensnsuninnmnanemeeniee OD 

32a. Snout protruding anterior to mouth. Mouth subterminal and almost 
horizontal. Body usually with distinct lateral stripe. Digestive tract 
moderately long, 1.0-1.2 TL. Peritoneum black. 
BLUNTNOSE MINNOW 
Pimephales notatus (Rafinesque) ........0+0+0seeeeeeeeeeeeeeeeeeeees Page 595 
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32b. Snout slightly protruding to even with upper lip. Mouth slightly sub- 
terminal to terminal and slightly oblique. Lateral stripe absent to faint. 
Digestive tract short, 0.6-0.7 TL. Peritoneum silvery. 
BULLHEAD MINNOW 
Pimephales vigilax (Baird and Girard) ................0..0000000.25. Page 591 

) -~_— 
“@ BOe DU EMS Soe ssesiee aseeie @ 
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33a. Lateral stripe black, extending through eye and around upper and 
lower lips. Conspicuous black caudal spot. Breast naked. Teeth usu- 
ally 2,4-4,2. 

WEED SHINER 
Notropis texanus (Girard) ...........0c0cseceeeeeeeeeeeeeeeeeereeeee Page 534 

LA 4, 

d 

CO Rene & = “Ss Ses 
33b. Lateral stripe scarcely evident or absent. Caudal spot faint or absent. 

Breast scaled, at least in part.......... 0... cece cece eect eeee ete eeeeneenee OA
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34a. Mid-dorsal stripe expanded in front of dorsal fin and interrupted at 
front of dorsal fin base. Pores of lateral line scales bounded above and 
below by paired dark chromatophores. Teeth 4-4. 
SAND SHINER 
Notropis stramineus (Cope) ..:...c0crmscomsevervuivesinseeneveeveacs Page 562 

J, 
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6 Se _ 
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mid-dorsal stripe mid-dorsal stripe 

interrupted completely surrounding 

(light area) base of dorsal fin 

(sand shiner) (river shiner) 

34b. Mid-dorsal stripe distinct and uniform in width, completely sur- 
rounding base of dorsal fin; stripe is not or is only slightly expanded 
immediately in front of dorsal fin origin. Pores of lateral line scales 
bounded irregularly by chromatophores or not at all. Teeth 2,4—4,2. 
RIVER SHINER 

Notropis'blennius: (Girard) sissicceacmmemacmceevesenveyyn'ence PAGO 527 

LE lateral stripe scarcely evident 

— = 

35a. Lateral scales 50 or more. (Either creek chub or pearl dace; see Semo- 
tilus, 14a and 15a.) 

35b. “Lateraliscalessfewer that. 50 srscnscsexu:soonnswnansaunmananeremunnerons yews GO
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36a. Membranes of dorsal fin pigmented particularly between last 3 fin 
tays,{or entirely pigmented «.:casinsencwsnawmmsavesnrestecsneenmmeneassaurs (OF 

36b. Membranes of dorsal fin clear or otherwise pigmented................. 38 

37a. Membranes of dorsal fin pigmented between last 3 fin rays; small young 
with at least a few chromatophores; in breeding males all membranes 
pigmented with last 3 especially black. Body depth into SL more than 
3.5. Teeth 1,4-4,1. 
SPOTFIN SHINER 
Notropis spilopterus (COpe) ....-......eseeeeeeeeeeeeeeeeeeeeeseseeees Page 549 

}, LS 

Oy fen ——-< 
€ 

37b. Membranes of dorsal fin generally evenly pigmented. Body deep, its 
depth into SL usually 3.5 or less. Teeth 4—4 to 1,4—4,1. 

RED SHINER 
Notropis lutrensis (Baird and Girard) ...............6:sssseseeseeees Page 554 

38a. Prominent black spot (approximately diam of pupil of eye) at base of 
caudal fin (occasionally diffuse in Lake Michigan form). Teeth usually 
2,4—4,2 (variable in outer row). 

SPOTTAIL SHINER 
Notropis hudsonius (Clinton) ...........00.00seeeeseeeeeeeeeeeseesees Page 540 

e®) yang o Me: “SE ea —< 

SS Sug “= 
38b. Black spot at base of caudal fin absent or, if present, small............. 39
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39a. Lateral stripe blackish (sometimes indistinct in life), continuing for- 
ward through eye and around muzzle .................0cceeeeeeeeeeeees 40 

39b. Lateral stripe dusky or absent, usually not continuing forward through 
eye.and around. MUZACiiicesiivisnmumioncinccmminammenmugammoeware AE 

40a. Black stripe continuing forward through eye primarily around tip of 
snout and to lesser degree upon upper lip, lower lip, and chin (as in 
blacknose shiner). Teeth 4-4......0.....ccccceeceececseeeeseseeeeseeseens AL 

~ 

black stripe black stripe Oe) 
on tip of snout on upper lip and chin 

(blacknose shiner) (blackchin shiner) 

40b. Black stripe continuing forward through eye, onto upper lip, lower 
lip, and chin, scarcely if at all around tip of snout (as in blackchin 
shiner). Teeth in 1 or 2 roWS...........c cece eee eee scence eeeeeeeeneenees 42 

41a. Lateral line scales with black crescent-shaped marks, the tips of which 
point backwards. Peritoneum silvery. Intestine S-shaped; when ex- 
tended, reaching to caudal fin. 
BLACKNOSE SHINER 
Notropis heterolepis Eigenmann and Eigenmann .................. Page 572 

Ek®) a ecebecece BEAD CEES eiietanaap yaratg
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41b. Lateral line scales without crescent-shaped marks. Peritoneum black. 
Intestine much elongated and coiled; when extended, reaching to about 
twice TL. 
OZARK MINNOW 
Notropis nubs (POLDG8) coi cemawessvereorseercomearoeaae Page 578 

dL: 
Mp OOD as iia eR ge sete, < 

42a. Mouth vertical, about 80° with horizontal. Upper jaw extending only 
to below anterior nostril. Peritoneum dark brown to black. Teeth 4—4. 
PUGNOSE SHINER 
Notropis anogenus ForbeS...............0cssseeeeseeeeeeseseeseseeees Page 558 

c SS _ 5K 
SS) & \ 

42b. Mouth oblique, about 45° with horizontal. Upper jaw extending at 
least to below posterior nostril. Peritoneum silvery (may have a few 
datk chiomatophores) cse:worncnsnwsuamnvarucmnsees ceseheenaecemennnn 43



126 Keys to the Fishes of Wisconsin 

43a. Breast scaled. Pigment absent on inner borders of jaws, on floor and 
roof of mouth, and on oral valve. Lateral stripe often producing a 
zigzag (scales of next row above lateral line with dark bars alternating 
with the black marks on lateral line scales). Teeth 1,4—4,1 or 4-4. 

BLACKCHIN SHINER 
Notropis heterodon (Cope) wvin.cvuivvrcivemosiess ovvemeverswwwee Page 537 

EO ~ SARI i re 
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43b. Breast naked. Dark pigment conspicuous on inner borders of jaws, on 
floor and roof of mouth, and on oral valve. Solid dark lateral stripe 1 
to 2 scales wide. Teeth 2,4—4,2. 
IRONCOLOR SHINER 
Notropis chalybaeus (COpe) .........0cceceeeeeeeeeeteeeseeseeeeseeees Page 530 

C@iy® SEE ER ge 20 roe eaencrmrenarorcs 

SS 

44a. Lateral length of upper jaw greater than eye diam. Teeth 1,4—4,1. 
BIGMOUTH SHINER 
Notropis dorsalis (AgaSSiZ)............06c0sceeeeseeeeeeeeeeeneeeenes Page 545 
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of upper jaw 

44b. Lateral length of upper jaw equal to or less than eye diam............. 45
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45a. Belly blackish (i.e., dusky to black peritoneum visible through white 
belly tissue). Lateral line scales usually 36-39 .............0.00ceeee eens 46 

45b. Belly white; peritoneum silvery (may contain some dark chromato- 
phores). Lateral line scales usually 32-35 ............ccceseeeeeee eee eee es 48 

46a. Eye diam into head length 3.4-3.9. Teeth 4-4. 
OZARK MINNOW see illustration under 41b.) 
Notropisnubilus (Forbes) cevccsscnacicecccenenorsenccnm exces Page 578 

46b. Eye diam into head length 4.1-4.7 ............cc cece cece ee eee nsec eeeene AZ 

47a. In adult, eye diam equal to or greater than lateral distance from groove 
in corner of mouth (lip groove) to tip of snout. Relaxed dorsal fin 
rounded. Eye diam into head length 4.1-4.5. Lateral length of mouth 
into width of gape 2.3-2.7. Teeth 4—4 with oblique grinding surfaces. 
BRASSY MINNOW 
Hybognathus hankinsoni Hubbs ............0:000cseseeeeeseveeeesees Page 582 
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47b. In adult, eye diam less than lateral distance from groove in corner of 
mouth (lip groove) to tip of snout. Relaxed dorsal fin pointed. Eye 
diam into head length 4.5-4.7. Lateral length of mouth into width of 
gape 2.0-2.3. Teeth 4—4 with oblique grinding surfaces. 
MISSISSIPPI SILVERY MINNOW 
Hybognathus nuchalis AgassiZ............00ssseeeeeeeseeeeeeeseeees Page 587 
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48a. Infraorbital canal short or undeveloped. Pigment absent on sides of 
body; chromatophores absent on lateral line scales. Teeth 4-4. 
GHOST SHINER 
Notropis buchariattt MG ccsscyass wsinecis cawenisetenresaeceveasaees.a Page 570 
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48b. Infraorbital canal entire, extending from lateral line canal along lower 

edge of eye toward nostril. Pigment present on side of body; chro- 
matophores present on lateral line scales, and faint lateral stripe (often 
seen only under magnification in the pallid shiner)..................... 49 

49a. Mouth ventral, 25° or less with horizontal. Tip of snout in adult ante- 
rior to upper lip 0.4 mm or more. Teeth 1,4-4,1. 
PALLID SHINER 
Notropis amnis Hubbs and Greene ...............0:0eseeeeeeeeeeees Page 502 

i 

49b. Mouth oblique, 30° or more with horizontal. Tip of snout in adult 
scarcely anterior to upper lip. Teeth 4—4. 
MIMIC SHINER 
Notropis volucellus (COpe) ..........cscsceeeeeeseseseseeeeeeeeeesees Page 566 
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Key to the Suckers 

la. Dorsal fin with more than 20 rays; length of its base into SL less than 

1b. Dorsal fin with 18 or fewer rays; length of its base into SL greater than 

2a. Lateral line scales more than 50. Eye closer to posterior edge of oper- 
cular membrane than to tip of snout. Body depth into SL 4.0-4.4. 

BLUE SUCKER 
Cycleptus elongatus (Lesueur) ......... 0.0.0. 0cceeeeeeeeeeeeeeeeeeees Page 611 

S@ \)o Op) 

2b. Lateral line scales fewer than 50. Eye closer to tip of snout than to 
posterior edge of opercular membrane. Body depth into SL less than 
4.0 
Carpiodes spp: OF Iclobus Spp occ scccscn seminomas 3 

3a.  Subopercle broadest below middle. Distance A is about equal to B. 
Anterior fontanelle (locate by probing dorsal surface of head between 
nostrils) present. Lower fins cream-colored, colorless, or clear, almost 
lacking in pigment. Anterior lobe of dorsal fin essentially filamentous. 
Intestinal configuration of circular loops. 
Carpiodes spp. (the carpsuckefrs)............c0ccceeee eee eect eect neers A 

Ais about equal to B 

anterior fontanelle ) 

\ B a operculum 

6© 
‘ 

: subopercle broadest 

below middle 
preopercle gq 

interopercle 

intestinal configuration 

(river carpsucker) (Berner 1948:141)
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3b. | Subopercle broadest at middle. Distance A is less than B. Anterior 
fontanelle much reduced or lacking. Lower fins darkly pigmented. 
Anterior lobe of dorsal fin rounded or pointed, but not filamentous. 
Intestinal configuration of elongated loops. 
Ictiobus spp. (the buffaloes) ........... 0... ceeeeeeee ee eeeeeeeenetetenereeees 6 

Ais less than B 

BO 

"© is 
5 subopercle broadest 

W at middle 

WV intestinal configuration 

(bigmouth buffalo) (Berner 1948:141) 

4a. No knob on tip of lower lip. Posterior edge of lower lip forming an 
acute angle. Tip of lower lip clearly in advance of anterior nostril. Snout 
in lateral view usually notched. Scales in lateral line usually 36-40. 
Body depth into SL 2.6-3.2. Head length into SL 3.2-3.8. 
QUILLBACK 
Carpiodes cyprinus (Lesueur).............00eeeeeeeeeeeeeeeeeeeeeeees Page 630 
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4b. Light knob on tip of lower lip. Posterior edge of lower lip usually 
forming an obtuse angle. Tip of lower lip scarcely or not at all in ad- 
vance of anterior nostril. Snout in lateral view usually rounded and 
not notched. Scales in lateral line usually 33-37. Body depth into SL 
2.2-3.1. Head length into SL 3.5-4.3.........cceeeeeeeeeeeeteeeeeeneeeee 5
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5a. Body depth into SL 2.5-3.1. Length of anterior rays of depressed dor- 

sal fin usually less than % length of dorsal fin base. 

RIVER CARPSUCKER 
Carpiodes carpio (Rafinesque) .....-.+-.-++eseseeeeeeeese reese eee ee es Page 634 
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5b. Body depth into SL 2.2-2.6. Length of anterior rays of depressed dor- 

sal fin usually greater than length of dorsal fin base. 

HIGHFIN CARPSUCKER 
Carpiodes velifer (Rafinesque) ........-+000sseeeeeeeesteeeereeseeeses Page 638 
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6a. Mouth large, terminal, and extremely oblique. Tip of upper lip about 
level with lower margin of eye. Lips thin and shallowly grooved. Length 
of upper jaw nearly equal to snout length. 
BIGMOUTH BUFFALO 
Ictiobus cyprinellus (Valenciennes) ............0.0c060eeeeeeeeeeeeees Page 615 
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6b. Mouth smaller, subterminal, and almost horizontal. Tip of upper lip 
at a level far below lower margin of eye. Lips thick and deeply grooved. 
Length of upper jaw much less than snout length ...................... 7
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7a. Body depth into SL 2.4-2.8. Back highly arched and compressed into 
mid-dorsal ridge (appearing humpbacked in combination with small 
head). Head small, its length into SL 3.4—4.1. Length of anterior rays 
of dorsal fin into dorsal fin base about 1.6. Length of upper jaw into 
snout length 1.5-2.0. Head thickness at opercular bulge into SL 5.2- 
6.1. 
SMALLMOUTH BUFFALO 
Ictiobus bubalus (Rafinesque).............0.06ceeeeeeeeeeeeeeeeeeeeee Page 625 
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7b. Body depth into SL 2.9-3.5. Back not highly arched or ridged but 

rounded over top from side to side. Head large, its length into SL 2.9- 
3.8. Length of anterior rays of dorsal fin into dorsal fin base 2.2-2.5. 
Length of upper jaw into snout length 2.0-2.5. Head thickness at op- 
ercular bulge into SL 4.7-5.4. 
BLACK BUFFALO 
TCHODUS NIGEr (RafineSque) woniernnemrisicsineidnaies emeneeeneenconamvine Page 621 
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8a. _ Lateral line incomplete (developed anteriorly in adult spotted sucker) 
OF abseitmicumswemawy comme Te ee en | O 

8b. _ Lateral line complete and well developed................:0:0:0:0eeeeeeee D1 

9a. _ Lateral series scales 42-46. Distinct blackish spot present on each scale 
base, resulting in series of longitudinal stripes which are most distinct 
(except in the smallest young where the faint spots and stripes may 
be restricted to region above anal fin base). Body depth into SL usu- 

ally greater than 4.0. Lateral line somewhat developed anteriorly in 
adults. 
SPOTTED SUCKER 
Minytrema melanops (Rafinesque) ............60csseseeeeeeeeeeseees Page 642 
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9b. Lateral series scales 35-41 (33-45). Blackish spot absent on each scale 

base. Body depth into SL usually less than 3.5. Lateral line lacking at 
all ages. 
Erimyzon spp. (the chubsuckers) ...............0s0seeseeeeeeeeeeeseeseeee 10
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10a. Dorsal rays 11 or 12 (10-13). Lateral series scales 35-37 (33-40). Body 
depth into SL usually 3.3 or less. Unbroken, blackish lateral stripe 
very distinct in young, least distinct in large adults. 
LAKE CHUBSUCKER 
Erimyzon sucetta (Lacepede) ...........:.ceseeeeeeseeeeeseeeseseeess Page 646 
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10b. Dorsal rays 9 or 10 (8-11). Lateral series scales 39-41 (37-45). Body 
depth into SL usually 3.3 or more. Dusky lateral stripe broken into 
series of more or less confluent blotches (these blotches sometimes 

very faint or absent in large adults). 
CREEK CHUBSUCKER 

Erimyzon oblongus (Mitchill) ..............0:0.0esseeeeeeseseseeeeees Page 650 

4 Z 

* 1 i XY 

1g J 
lla. Lateral line scales 55 or more. 
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11b. Lateral line scales fewer than 54 .............ceececeee settee eeneeeene 13
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12a. Lateral line scales 55-85. Snout short, scarcely protruding beyond up- 
per lip. 
WHITE SUCKER 
Catostomus commersoni (Lacepede) ...............060seeeeeeeeeeeees Page 682 
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12b. Lateral line scales more than 90. Snout elongated, protruding well 
beyond upper lip. 
LONGNOSE SUCKER 
Catostomus catostomus (Forster) ..........0..00ccceseeeeeeseseseeeee Page 688 

snout elongated 7 lA» 
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13a. Top of head between eyes concave. Body with 5 (4-6) dark, usually 
prominent oblique bars. Lips heavily papillose. 
NORTHERN HOG SUCKER 
Hypentelium nigricans (Lesueur) ...........000cecseereeseecveeseeees Page 678 
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13b. Top of head between eyes usually convex. Body not marked with dark 

oblique bars. Lips primarily plicate, but may be papillose posteriorly 
and in corners. 
Moxostoma spp (the redhorses). ...........6:s0sceeeeseseeeeeeeeesereseenes 14 

lips primarily plicate (ep or read 

IN \ 

7, IN 

14a. Body scales, principally above lateral line, with distinct, dark spots at 
their bases. Tail always pink, red, or carmine in life; color soon fades 
in preserved SPECIMENS, ...0.... 06. ..cceneenessenerererenssssnonreenneenees 1S 

14b. Body scales without dark spots at their bases. Tail always slate-colored 
INC cca nese mamerntrs CET ccm 17
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15a. Scales around caudal peduncle 16 (7 above and 7 below the 2 lateral 
lines). Lower lip plicate with few papillae at corners. Dorsal fin slightly 
concave in young to convex in adults. Pharyngeal teeth heavy, comb- 
like. 
GREATER REDHORSE 
Moxostoma valeniciennest Jordan «92.00 vscaxwsersvessioencrssesecores Page 670 
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15b. Scales around caudal peduncle 12 (5 above and 5 below the 2 lateral 
lines). Lower lip either entirely plicate or partially papillose, especially 
along posterior half. Dorsal fin falcate to straight. Pharyngeal teeth 
thin,comblike, or'thick, molathike ssscccscsccsssccscmmmomnnewacwwness 16
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16a. Head small and short, its length into SL usually 4.3-5.4 in yearlings 
and adults, 3.5-4.0 in young less than 76 mm (3 in) TL. Mouth small. 
Folds of lower lip transversely divided into large papillae; lower lip 
appearing swollen; posterior edge forming a straight line, rarely an 
obtuse angle. Pharyngeal teeth about 53 per arch, thin and comblike. 
Dorsal fin falcate. 
SHORTHEAD REDHORSE 
Moxostoma macrolepidotum (Lesueur).............s0seeeeeeeeeseees Page 665 
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16b. Head bulky and long, its length into SL usually less than 4.3 in year- 
lings and adults, 3.0-3.8 in young less than 76 mm (3 in). TL. Mouth 
large. Folds of lower lip almost always smooth; papillae absent; lower 
halves nearly straight along posterior margin, which may be weakly 
scalloped. Pharyngeal teeth 33-45 per arch, large and molarlike. Dor- 
sal fin straight or slightly concave in large young and adults. 
RIVER REDHORSE 
Moxostoma carinatum (COpe)..........cceceeveeeeesesesesessseeseees Page 674 
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17a. Dorsal fin rays 15 (14-17). Length of dorsal fin base equal or almost 
equal to distance from back of head to dorsal fin origin. Lower lip 
folds partly or entirely dissected into fine, irregularly shaped papillae; 
lower lip halves forming an angle of about 90°. Dorsal fin slightly con- 

cave to convex. 

SILVER REDHORSE 
Moxostoma anisurum (Rafinesque)..........0.0seeseeeseeeeseseeees Page 661 
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17b. Dorsal fin rays 12 or 13 (10-15). Length of dorsal fin base %-% the 
distance from back of head to dorsal fin origin. Lower lip folds not 
dissected into papillae; lower lip halves in an almost straight line or 
broad obtuse angle, usually over 100°. Dorsal fin slightly falcate ...... 18
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18a. Lateral line scales 40-42 (37-45). Rays of pelvic fins usually 9, rarely 

8 or 10. Least depth of caudal peduncle into its length usually less 

than 1.6. Snout blunt to rounded but not overhanging mouth. Head 

length into SL 3.9-4.3. 
GOLDEN REDHORSE 
Moxostoma erythrurum (Rafinesque)........-...+se+1eseeeeeeeeeeees Page 657 
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18b. Lateral line scales 44—47 (43-51). Rays of 1 or both pelvic fins usually 

10 (8-11). Least depth of caudal peduncle into its length greater than 
1.7. Snout rounded and swollen, slightly overhanging mouth ven- 

trally. Head length into SL 4.1-4.8. 
BLACK REDHORSE 
Moxostoma duquesnei (Lesueur)............6seeeeeeeeeeeeeeeeeeees Page 653 
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Key to the Bullhead Catfishes 

la. Adipose fin with its posterior margin flaplike and free, not fused to 
back or to caudal fin posteriorly ............... 0. 0c ceceeeeeeeeeeeeneeeneee 2 

1b. Adipose fin with its posterior margin fused to back and to caudal fin, 
and separated from caudal fin by not more than an incomplete 
NOCH sssicersscsnmmneren ames caUENEORIARNEE ERR. 

Za., Catidalifin deeply forked ..:0.10:..cccsiswnenameneoscanisinasionteineriisvrarnertisines: wo 

2b. Caudal fin not deeply forked, its rear margin rounded, straight, or 
with a slight notch :<.<2:...cn meme A 

3a. Outer margin of anal fin rounded; anal fin rays 24-27 including rudi- 
mentaries. Body with dark spots except in large adults. Swim bladder 
of paired lateral chambers, no posterior chamber. 
CHANNEL CATFISH 
Ictalurus punctatus (Rafinesque) ..............6.0.0e0eceeeeeeeeeeees Page 712 
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3b. Outer margin of anal fin straight, anal fin rays 30-36 including rudi- 
mentaries. Body without dark spots. Swim bladder with paired lateral 
chambers and a posterior chamber. 
BLUE CATFISH 
Ictalurus furcatus (Lesueur) (Not in Wisconsin. See page 694.) 
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4a. _ Lower jaw protruding beyond upper jaw. Tooth patch on upper jaw 
with elongate lateral backward extensions. Length of anal fin base (A) 
less than distance from back of eye to rear margin of operculum (B). 
Pectoral fin spine strongly toothed along both anterior (teeth pointing 
toward base) and posterior (teeth pointing toward tip) edges. 
FLATHEAD CATFISH 

Pylodictis olivaris (Rafinesque) ............06.00sesseeeeeeeeseeeesees Page 728 
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4b. Upper jaw extending beyond lower jaw. Tooth patch on upper jaw 
without lateral backward extensions. Length of anal fin base (A) greater 
than distance from back of eye to rear margin of operculum (B) (see 
illustration under 5a). Pectoral fin spine slightly rough to strongly 
toothed along posterior edge; along anterior edge weakly notched near 

tooth patch on upper jaw 
wr ~~ without lateral backward extensions
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5a. Anal fin rays 24-27 including rudimentaries. Chin barbels whitish. 
Caudal fin rounded. 
YELLOW BULLHEAD 
Ictalurus ratalis (LESueut) ec ccascsnsssoeiacansorereonnmcessaeeaeeens Page 708 
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5b. — Anal fin rays 15-24 including rudimentaries. Chin barbels gray to black. 

Caudal fin squarish and slightly notched .............. 0.00 .eceeeeeeeeeees 6 

6a. Pectoral fin spine toothless along posterior edge or with irregular or 
poorly developed teeth. Side not mottled. Interradial membranes of 
fins jet-black. Adults with whitish bar at caudal fin base. Anal fin rays 
15-21 including rudimentaries. 
BLACK BULLHEAD 
Ictalurus melas (Rafinesque)............00.0ceeeeeeeeeeeeseeeeseeeees Page 697 
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6b. Pectoral fin spine with strong, sawlike teeth along posterior edge. Side 
mottled. Interradial membranes of fins dark but not jet-black. Adults 
without whitish bar at caudal fin base. Anal fin rays 21-24 including 
rudimentaries. 
BROWN BULLHEAD 
Ictalurus nebulosus (L@SuUCUT)....... 6.6.06 ee veces eeeeeeeeeseeseeees Page 702 
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7a. Tooth patch of upper jaw with lateral backward extensions (see illus- 
tration under 4a). Tip of upper jaw projecting well beyond lower jaw. 
Caudal fin elongate, rectangular-appearing with more-or-less straight 
rear edge. Large, light, rectangular-shaped patch from back of head 
to near origin of dorsal fin; small, roundish, light patch immediately 
posterior to base of dorsal fin. 
STONECAT 
Noturus flavus Rafinesque ...........00.00cccceeeeeeeeeeeeeeeeseeees Page 725 
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7b. Tooth patch of upper jaw without lateral backward extensions. Tips of 

jaws about equal. Caudal fin oval-appearing with rounded rear edge. 
Light patches behind head and dorsal fin absent or appearing as 
transverse band sis. sariwmnsswemmommnsnamemye uve mewn 8
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8a. Pectoral fin spine smooth on posterior edge. Distance from end of 
caudal fin to notch between adipose and caudal fins contained once 
or less in distance from notch to posterior base of dorsal fin. Usually 
3 dark longitudinal streaks on each side and dark lines outlining the 
muscle segments. No transverse light bands behind head and dorsal 
fin. Anal, caudal, and dorsal fins not dark edged. 
TADPOLE MADTOM 
Noturus:gyrinus:(Mitchill) ...c0secssseanerseveitinnen sascaveonreneon PAGO 
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8b. Pectoral spine with well-developed teeth on posterior edge. Distance 
from end of caudal fin to notch between adipose and caudal fins con- 
tained decidedly more than once in distance from notch to posterior 
base of dorsal fin. Dark longitudinal streaks on sides absent; muscle 
segments not outlined with dark lines. Transverse light bands behind 
head and dorsal fin. Anal, caudal, and dorsal fins usually dark edged. 

SLENDER MADTOM 
Noturusexilis Ne ORs cscs vorrmnsracimmenanccumvrecnvencenens, Pape S22 
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posterior
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Key to the Killifishes 

la. _ Dorsal fin origin distinctly in advance of anal fin origin. Lateral series 
scales 39-43. No broad dark lateral stripe or dark blotch under eye. 
BANDED KILLIFISH 
Fundulus diaphanus (Lesueur)............00sesseeeeeeeeeeeeeeeeeeees Page 755 
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1b. Dorsal fin origin distinctly behind anal fin origin. Lateral series scales 
fewer than 38. Either broad dark lateral stripe or dark blotch under 
EYELPTESEN Ese: oceieressniorretsecesnisiraie:niesninsniomto iti aiein:eicnsenseleinieesbiceteinienceieiolersiniisinieime! 1 

2a. Broad dark lateral stripe present; no thin, dotted horizontal stripes. 
No dark blotch (“teardrop”) under eye. Body depth into SL generally 
greater than 4. 
BLACKSTRIPE TOPMINNOW 
Fundulus notatus:(Rafinesque):.cscsssiscscsinesessossnooveasweenseees Page 79 
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2b. Broad dark lateral stripe absent; instead, 7 or 8 thin, dotted horizontal 
stripes. Dark blotch (“teardrop”) under eye. Body depth into SL usu- 
ally 4 or less. 
STARHEAD TOPMINNOW 
Fundulus notti (Agassiz). occissscx cies evesirsoeves voveeversnense Page 763 
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Key to the Sticklebacks 

la. Dorsal spines 4-6. Caudal peduncle deeper than wide, without trace 
of a lateral keel. Caudal fin rounded. 
BROOK STICKLEBACK 
Culaea inconstans (Kirtland) os.c.scscssscusicvnaccsovaceccessee Page 777 
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1b. Dorsal spines 8-11. Caudal peduncle wider than deep, with sharp 

lateral keels. Caudal fin truncate to slightly notched. 
NINESPINE STICKLEBACK 
Pungitius pungitius (Linnaeus)..............eceseeeeeeeeeeeeeseeees Page 782 
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Key to the Temperate Basses 

la. Spinous dorsal fin and soft dorsal fin entirely separate. Anal spines 
graduated—first spine % or more length of second spine, third spine 
considerably longer than second; second and third spines about equally 
heavy. Soft anal fin rays 12 or 13. Color largely silvery; lateral stripes 
narrower and not usually broken or offset above origin of anal fin. 
WHITE BASS 
Morone chrysops (Rafinesque)............0s0s0cecseeeseeseereeseeees Page 789 
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1b. Spinous dorsal fin and soft dorsal fin slightly connected by mem- 
brane. Anal spines not graduated—first spine less than % length of 
second spine, second spine almost equal to third; second spine much 
heavier than third. Soft anal fin rays 8-10. Color largely yellowish or 
olive; lower lateral stripes broader and usually sharply broken and 
offset above origin of anal fin. 
YELLOW BASS 
Morone mississippiensis Jordan and Eigenmann ................... Page 794 
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Key to the Sunfishes- 

la. Dorsal fin spines 6-8. Base of anal fin equal to or slightly longer than 
base of dorsal fin. 
Pomexis spp. (He apples) cc cesenencwmermnemwemeruwmey 2 

1b. Dorsal fin spines 10-12 (9-12). Base of anal fin much shorter than base 
of dorsal fin, anal fin base into dorsal fin base 1.5-3.0.................. 3 

2a. Dorsal fin spines 7 or 8 (6-9). Length of dorsal fin base about equal to 
distance from front of dorsal fin to eye. Irregular dark blotches and 
white spots on side; dorsal, caudal, and anal fins strongly vermicu- 
late. 
BLACK CRAPPIE 
Pomoxis nigromaculatus (Lesueur) ...........60ceceeeeeeeeeeeeeeeees Page 863 

uli 

\ RX 

2b. Dorsal fin spines 6 (4-7). Length of dorsal fin base much less than 

distance from front of dorsal fin to eye. Dark to faint vertical bars on 
side; dorsal and caudal fins strongly vermiculate, anal fin less so. 
WHITE CRAPPIE 
Pomoxis annularis Rafinesque .............000c0eseeeeeeeeeeeeeeeees Page 857 
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*Characteristics of common Lepomis hybrids are listed on page 157.
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3a. Anal fin spines 5-7. 
ROCK BASS 
Ambloplites rupestris (Rafinesque) ..............s00ceseeeeeeeeeeeees Page 852 

4 f ff PS Ay Wiz >> 

SS | 7743 
Oa SS 

Sb, ANAL FINSPINES 3 cccoconcmorannmmnenemincmnnmammmemeumaens A 

4a. Scales small, more than 55 in lateral line 

Micropterus'spp:. (the basses) saswworsscasorsmerewacatwnerenemmmeneseencmne 

4b. Scales large, fewer than 55 in lateral line 

Lepomis'spp: (the Stinfishes) sssavccwzsearommenacmaenseeracieneemeres 6 

5a. Mouth large, upper jaw extending beyond posterior margin of eye in 
large fish. Lateral line scales 60-68. Dorsal fins almost divided, short- 
est posterior spine less than 2 the longest. Young with prominent 
lateral stripe and without colorful pigment on caudal fin. 
LARGEMOUTH BASS 
Micropterus salmoides (Lacepede) «000.0. e0ccsiieerexaenersssascevss Page 809 
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5b. Mouth moderate, upper jaw extending from middle to posterior mar- 
gin of eye, never beyond. Lateral line scales 69-80. Dorsal fins mod- 
erately connected, shortest posterior spine greater than % the longest. 
Young without lateral stripe but having caudal fin with conspicuous 
yellow-orange base and dark crescent-shaped band through middle. 
SMALLMOUTH BASS 
Micropterus dolomient Lacepede.......s0cvses.ceevsesssceseveveseneee Page 801 

“@ . ea 

— “SSS 

6a. ‘Teeth present in midtongue. Supramaxillary well developed, its length 
greater than the greatest width of maxillary. Head with 3-5 distinct 
dark lines radiating posteriorly from eye; general body color pattern 
similar to that of rock bass. 
WARMOUTH 
Lepomis gulosus (Cuvier) .........0.. ccc ceeeeeee eee eeeeteeseeseeseees Page 817 

QQ ag wong? Ce 

maxillary SS 

‘ QS 
supramaxillary X = 

6b. No teeth on tongue (rarely a few in green sunfish). Supramaxillary 
reduced or absent, its length when present less than greatest width of 
maxillary. Head with no distinct dark lines radiating posteriorly from 
CVemu mmc en oe ee ee | 7
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7a. Pectoral fin when laid forward across cheek reaches anterior edge of 
eye or beyond; pectoral fin long and pointed, its length into SL about 

7b. Pectoral fin when laid forward across cheek reaches only posterior 
edge of eye; pectoral fin short and rounded, its length into SL about 

8a. “Earflap” has narrow, even, light-colored margin along entire edge. 
Sensory pores of head (just above lip groove) large and slitlike, width 
of largest opening greater than diam of anterior nostril. Anal fin soft 
rays 8 or 9. Largest seldom more than 100 mm (4 in) TL. 
ORANGESPOTTED SUNFISH 
Lepomis humilis (Girard) 001.0 ensccscrssavervmmssnedivavesnew Page 840 

anterior nostril “~& <Z 

Lp | AA 

! L sensory pore: % TES 
large, aitlike ° WSs 

8b. “Earflap” is black or with margin becoming abruptly broader (light- 
colored spot, crimson in life) at posterior edge. Sensory pores of head 
small and round, width of largest openings less than diam of anterior 
nostril (see illustration under 9b). Anal fin soft rays 10-12. Often more 
than 125 mm (5 in) TL. 20.0.6... ee cece ec eeeeeseeeteentnsesesesnens 9
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9a. “Earflap” black to edge without light-colored margin. Distinct black 
blotch present toward rear of dorsal fin. Gill rakers on first gill arch 
moderately long, straight, and pointed. (Young can be distinguished 
from pumpkinseed by long thin gill rakers and large, dark, well-defined 
oval to circular spots in last few interradial membranes of soft dorsal 
fin.) 
BLUEGILL 
Lepomis macrochirus Rafinesque .....15.00esssseseseeeveecvesses Page 844 

W <s yp 
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gill rakers = S/he, 

a posterior dorsal fin og) 
E (in young-of-year) °/8 

x we markings dusky to black 

9b.  “Earflap” with abruptly broader light-colored spot (crimson in life) at 
posterior edge. No distinct black blotch toward rear of dorsal fin. Gill 
rakers on first gill arch short, knobby, scarcely longer than wide. (Young 
can be distinguished from bluegill by short, bent gill rakers and dif- 
fuse irregular brown markings alongside last few dorsal fin rays.) 
PUMPKINSEED 
Lepomis gibbosus (Linnaeus)............0..ceeeeeeeeeeeeeeeeeerseess Page 828 

anterior nostril a Re : LEZ 

/ as 
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[~~ posterior dorsal fin Vy 

, (in young-of-year) . 
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10a. Scales in lateral line 44-51. Gill rakers long, straight, pointed (see il- 
lustration under Ya). Posterior soft dorsal fin usually with dark blotch 
near base. 
GREEN SUNFISH 
Lepomis cyanellus Rafinesque +...00sss0s vesseeswesvevevserserseeve Page’ 822 

} 7 i BAY altlitiry 
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10b. Scales in lateral line 34-38. Gill rakers reduced to knobs. Posterior soft 
dorsal fin without dark blotch near base. 
LONGEAR SUNFISH 

Lepomis megalotis (Rafinesque)..............0cseeeeeeeeeeeeeeeeseees Page 834 

LEE b Lf 

\ WX 
(W772 QZ i X 

gill rakers FS NS 

Yo" 
See



Key to the Sunfishes 157 

CHARACTERISTICS OF COMMON LEPOMIS HYBRIDS* 

GREEN SUNFISH x PUMPKINSEED 
Lepomis cyanellus x Lepomis gibbosus 
Ear flap edged with wide, light-colored membrane and a red spot in 
life. 

Pectoral fin laid forward, usually reaching between pupil and pos- 
terior edge of eye. 

Gill rakers intermediate in length with some curvature—neither long 
and thin nor short, stubby, and bent. 
Upper jaw reaching to below anterior edge of eye or beyond. 
Posterior soft dorsal fin with diffuse dark spots between rays; ante- 
rior edge of pelvic fins and ventral edge of anal and caudal fins 
yellow or cream-colored. 

Cheek and opercle with faint wavy lines radiating from eye to distal 

edge of opercle. 

GREEN SUNFISH x BLUEGILL 
Lepomis cyanellus x Lepomis macrochirus 
Ear flap edged with a wide, uniformly gray-to-black membrane. 
Pectoral fin laid forward, usually reaching between pupil and pos- 
terior edge of eye. 

Gill rakers long and thin. 
Upper jaw reaching to below anterior edge of eye or beyond. 
Posterior soft dorsal fin with solid black pigmentation, not broken 
into diffuse spots; anterior edge of pelvic fins and ventral edge of 
anal and caudal fins yellow or cream-colored. 

Cheek and opercle plain, without faint wavy lines radiating from eye 

to distal edge of opercle. 

PUMPKINSEED x BLUEGILL 
Lepomis gibbosus x Lepomis macrochirus 
Ear flap black and edged with a narrow, light-colored membrane and 

a small red spot in life. 
Pectoral fin laid forward, usually reaching anterior edge of eye. 
Gill rakers intermediate in length with some curvature—neither long 
and thin nor short, stubby, and bent. 

Upper jaw short, scarcely reaching to below anterior edge of eye. 
Posterior soft dorsal fin with elongated dark markings, thinner and 
more irregular than in L. macrochirus, but not small circular spots as 
in adult L. gibbosus; anterior edge of pelvic fins light-colored, ventral 
edge of anal and caudal fins generally pigmented. 

Cheek and opercle with faint wavy lines radiating from eye to distal 
edge of opercle. 

*Prepared by Dale Becker
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Key to the Perches 

la. Preopercle saw-edged. Upper jaw extending to middle of eye or be- 
yond. Branchiostegal rays 7 or 8. 
Perca sp. and Stizostedion spp. (yellow perch, walleye, sauger) ........ 2 

lb. _ Preopercle smooth-edged. Upper jaw usually not extending to middle 
of eye. Branchiostegal rays 5 or 6. 
Ammocrypta spp., Etheostoma spp., and Percina spp. (the darters)....... 4 

2a. No canine teeth in upper and lower jaws. Soft rays of anal fin 7 or 8. 
Body with distinct vertical bars. Body depth into SL 3.3-3.8. 
YELLOW PERCH 
Perca flavescens (Mitchill)...............cssseeeessseeseseseeseseeees Page 886 

@\Se ey ext eee he oe SARS 
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eopercle \ \ - 

saw-edged \y 

2b. Canine teeth in upper and lower jaws. Soft rays of anal fin 11-14. 
Body without distinct vertical bars. Body depth into SL 4.9-5.9....... 3
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3a. Spinous dorsal fin with large black blotch at posterior base. Pyloric 
caeca 3, each extending to posterior edge of stomach or beyond. Ven- 
tral lobe of caudal fin white-tipped. Soft dorsal fin rays 18-21. Cheeks 
sparsely scaled to naked. 
WALLEYE 
Stizostedion vo. vitrewm (MItCHI]) voc cccccciwcicimesoreew ses Page 871 
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pyloric caeca 

(sauger) intestine (walleye) 

(Lutterbie 1975:22) 

3b. | Spinous dorsal fin with distinct dark spots; no large black blotch at 
posterior base. Pyloric caeca usually 4—6, each not extending to pos- 
terior edge of stomach. Ventral lobe of caudal fin usually without white 
tip. Soft dorsal fin rays 17-19. Cheeks well scaled. 
SAUGER 
Stizosiedion canadense (Smith) wis:cscsnowseeeewasnvseneonssanaece Page 880 

JE See oA 
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4a. Body depth into SL usually 7 or greater. Belly usually without scales. 
Atal fin with Lspintescmcncmimmem mamma 8 

4b. Body depth into SL usually less than 7. Belly usually with at least a 
few scales. Anal fin usually with 2 spines (1 in johnny darter, blunt- 
nose darter, and occasionally in the least darter) ......................5. 6
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5a. Back with 12 or more small dark saddles along mid-dorsal line. Anal 
fin rays 7-10. Soft dorsal fin rays 9-12. 
WESTERN SAND DARTER 
Ammocrypta clara Jordan and Meek .............0.s:eseseseeeeseees Page 918 

= J) eS BR RB sta ae ape 

- ‘S 
5b. Back with 3 or 4 broad saddle marks extending forward to lateral line. 

Anal fin rays 15 or 16. Soft dorsal fin rays 14-16. 
CRYSTAL DARTER 
Ammocrypta asprella Jordan)...0s0ssssevrssisasscvessasasesaeeess Page 915 

G2 pe EZ" 8 me ane me 
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6a. Noenlarged and modified scales between pelvic fins; midline of belly 
usually well scaled with scales of same type as those on sides. Anal 
fin usually smaller than soft dorsal fin. Lateral line complete or incom- 
plete. 
EtheoslOMa SPP. cccsmsevsesseveasieacanaeeammemmavemessaens 7 
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Seesecee fee] 
ae belly scaled ag on sides a oS belly with enlarged specialized scales, 
uo i i y or devoid of scales 

(Lutterbie 1975:23)
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6b. One or more enlarged and modified scales between pelvic fins; mid- 
line of belly usually without scales or with a series of enlarged and 
modified scales, these bounded on each side by naked areas. Anal fin 
often nearly as large as or larger than soft dorsal fin. Lateral line al- 
ways complete. 
PeCME SPP vesanerecammwerorosemmmnmmenen seems wenemaereainn “TA 

Za. Spinous dorsal fin with 6 (5-7) spines. Lateral series scales 32-38, lat- 

eral line incomplete (0-7 pored scales). Pelvic fin extremely long, 
reaching to vent or beyond. 
LEAST DARTER 
Etheostoma microperca Jordan and Gilbert .......................... Page 950 

ve<~ 
= 

7b.  Spinous dorsal fin with 7 or more spines. Lateral series scales 37 or 
more, lateral line complete or incomplete (more than 16 pored scales). 
Pelvic fin short, not reaching to vent.............0.cceeceeeeeeeeeeeeeeee 8 

8a. Upper lip groove continuous over tip of snout. Anal fin spine 1........ 9 

8b. Upper lip groove not continuous over tip.of snout. Anal fin spines 2... 10
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9a. Dark stripe extending from eye to snout interrupted medially on snout. 
Cheek usually naked. Soft dorsal fin rays usually 13. Dorsal fins only 
slightly separated, less than width of pupil. Lateral line complete. 
JOHNNY DARTER 
Etheostoma nigrum Rafinesque............00.000cc0eeceeeeeeeeeeees Page 921 

ti [Ph pf pp £D fy settee MMM 
= —— : 

9b. Dark stripe extending from eye to snout continuous over tip of snout. 
Cheek scaled. Soft dorsal fin rays usually 9-11. Dorsal fins widely 
separated, about width of pupil or connected by thin membrane. Lat- 
eral line incomplete, with fewer than 25 pored scales. 
BLUNTNOSE DARTER 
Etheostoma chlorosomum (Hay) ........-.060.s000ceeeeseeeeseeeeeees Page 926 

SS : SS 
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10a. Gill membranes broadly attached to one another ...................06.. 11 

gill membranes 

\ | narrowly attached 

gill membranes 
broadly attached 

10b. Gill membranes narrowly or moderately attached to one another ..... 12
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lla. Cheek, opercle, and nape without scales. Spinous dorsal fin with 7 or 
8 spines. Sides conspicuously marked with longitudinal rows of dots 
or dashes (central portion of each scale marked with dot or dash). 
FANTAIL DARTER 
Etheostoma flabellare Rafinesque .............00.00se0ceeeeseeeeeeees Page 945 

lip groove Y Corinne ATT n/p >>. 
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11b. Cheek, opercle, and nape scaled. Spinous dorsal fin with 10-12 spines. 
Sides not marked with longitudinal rows of dots or dashes. 
BANDED DARTER 
Etheostonm zonale (Cope) cscscssusersaniveneenivcesvessonconseewess: Page 929 
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12a. Lateral series scales 55-65. Body depth into SL 4.8-5.5. 
IOWA DARTER 
Etheostoma exile (Girard) os cccesscwereees cevecvesssseevesressvessves Page 940 

12b. Lateral series scales 50 or fewer. Body depth into SL 4.0-5.0 .......... 13
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13a. Cheek naked or with row of scales along posterior border of eye. Anal 
fin soft rays usually 7. Without 3 dark spots at base of caudal fin. 
Males with a series of unbroken vertical bands on sides forming sad- 
dles over back. 
RAINBOW DARTER 
Etheostoma caeruleum Storer...........0csceeeeeeeeeeseeeeeesereesess Page 932 
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13b. Cheek scaled. Anal fin soft rays 8 or 9. Three small dark spots ar- 
ranged vertically at base of caudal fin (occasionally interconnected). 
Males with a series of vertical bands on sides often confluent with one 
another and interrupted by lightly pigmented lateral scales. 
MUD DARTER 
Etheostoma asprigene (Forbes) .............00c0eeeeeeeeeeeeseeseesees Page 937 
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14a. Snout with conical protuberance. Lateral bands 15-25, narrow and 
zebralike, crossing over back and extending vertically down sides. 
Lateral line scales 71 or more. 
LOGPERCH 
Percina caprodes (Rafinesque), sisssnsvisssssncnennenaseseninen suervineane Page 907 

conical protuberance MMR. hii> 
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Sa 
14b. Snout without conical protuberance. Lateral bands or blotches usually 

fewer than 15, irregular in width and often confluent. Lateral line scales 
usually fewer than 71..icsassssssssessenees eemeresres ee wereea ore 15 

15a. Distance from tip of upper lip to junction of gill membranes (A) equal 
to or greater than distance from junction of gill membranes to back of 
pelvic fin base (B). Lateral blotches 10-16, dark and more-or-less con- 
fluent. Suborbital bar absent or faint. 
SLENDERHEAD DARTER 
Percina phoxocephala (Nelson) ............:10s0sseeeeseeeeeereseeeene Page 894 
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IN A is equal to or greater than B 
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15b. Distance from tip of upper lip to junction of gill membranes (A) less 
than distance from junction of gill membranes to back of pelvic fin 
base (B). Lateral markings 5-11, blotches or becoming short vertical 

bars anteriorly. Suborbital bar distinct, black .............:6:sseeeeeeeees 16
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16a. Spinous dorsal fin with black blotch on membrane behind first spine 
and larger black blotch on membranes between last 3 or 4 spines. Lat- 
eral blotches 8-11, becoming short vertical bars anteriorly. Lateral line 
scales 52-54 (48-60). Gill rakers on lower limb of first arch short, stout, 
bent, about 9. 

RIVER DARTER 
Percina shumardi (Girard) .............6ccececeeeeeeeeeeeseseeeeeeees Page 912 
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16b. Spinous dorsal fin almost totally pigmented or with heavy dark base, 
but not pigmented as in 16a. Lateral blotches 5-8. Lateral line scales 
60-65 (56-71). Gill rakers on lower limb of first arch long, narrow, 
straight, 10 Or 11 ...... cee cece cece cece eee cece eens eset eeeteetenenesseesess 17
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17a. Spinous dorsal fin with black pigment on lower half, becoming less 
intense posteriorly, extreme outer edge clear; spines 13 (12-15). Cau- 
dal peduncle scales 20-23. Back with 6-11 dark, saddle-type markings 
and dorsolateral vermiculations or checkerboard design. Lateral blotches 
usually connected, forming wide, irregular lateral stripe. 
BLACKSIDE DARTER 
Peyeina maculata (GUGtd) on nese avncmmcueem monies Page 898 
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17b. Spinous dorsal fin more-or-less evenly pigmented, except extreme outer 
margin where whitish or clear; spines usually 12. Caudal peduncle 
scales 24—29. Back with 5-8 dark, squarish saddle bands; vermicula- 
tions or checkerboard markings absent. Lateral blotches separated, 
squarish, green-black, directly below saddle bands. 
GILT DARTER 
Percina evides (Jordan and Copeland) .................0s0s0s00e0+2. Page 903 
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Key to the Sculpins 

la. Gill membranes meeting at acute angle, free from isthmus. Two to 4 
conspicuous and partially naked preopercular spines on each side. 
Dorsal fins separated by space about equal to diam of eye. 
DEEPWATER SCULPIN 
Myoxocephalus thompsoni (Girard) ..............0eeeeeeeeeeeeee sees Page 965 
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IN gill membranes at acute angle, 

XY) free from isthmus 

1b. Gill membranes broadly attached to isthmus. One conspicuous and 
partially naked preopercular spine on each side, other spines skin 
covered. Dorsal fins touching or narrowly joined. 
CONE SBP oscommerce 2 
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2a. Lateral line complete. One midline chin pore. Preopercular spine usu- 
ally longer than % eye diam and curved strongly inward. Upper head 
and body covered with prickles. Pelvic fins with 1 spine and 4 soft 
rays appearing as 4 units (spine and first ray encased in single fleshy 
membrane). Chin membrane with brainlike convolutions and folds. 

SPOONHEAD SCULPIN 
Cottus rice (NelsON) acc esses ers ere mem ence PAge 979 

lateral line 

LULLED ff complete 
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pelvic rays 4 SX WAS 

fh pore 

2b. Lateral line normally ending below base of second dorsal fin. Two 
midline chin pores. Preopercular spine about % eye diam and scarcely 

or not at all curved inward. Prickles, if present, behind pectoral fin 
and below lateral line. Pelvic fins with 1 spine and 3 or 4 soft rays 
appearing as 3 or 4 units (spine and first ray encased in single fleshy 
membrane). Chin membrane usually smooth or weakly folded......... 3 

gy pores 

(slimy sculpin)
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3a. Pelvic fin rays 4, last a little shorter than third. Caudal peduncle length 
less than postorbital distance. Last 2 rays of dorsal and anal fins aris- 
ing from the same base. Palatine teeth usually present. 
MOTTLED SCULPIN 
Cottus bairdi Girard ........... 60 cc cece cece cece eee teeteeteteeeseesees Page 969 
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View of upper mouth 

3b. Pelvic fin rays usually 3, if 4, last much shorter than third. Caudal 
peduncle length greater than postorbital distance. Last 2 rays of dorsal 
and anal fins separated, arising from separate bases. Palatine teeth 
usually absent. 
SLIMY SCULPIN 
Cottus cognatus Richardson sc: .scceexs scanseseevessscovsexsseovcaves Page 974 
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Color Illustrations



The photographs and portraits of fish in this section are arranged in the order 
in which the species are presented in the text. Color photographs of museum 
specimens, it should be pointed out, are not a reliable guide to the colors of 
living fish; among several species—for example, the suckers, minnows, and 

drums—the scales often lose the silvery luster of living individuals and photo- 
graph in varying shades of yellow and brown.
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American brook lamprey Lampetra appendix, & Paddlefish Polyodon spathula 
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Lake sturgeon Acipenser fulvescens Shortnose gar Lepisosteus platostomus 

Shovelnose sturgeon Scaphirhynchus platorynchus Longnose gar Lepisosteus osseus, immature 
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Longnose gar Lepisosteus osseus, adult
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Bowfin Amia calva Gizzard shad Dorosoma cepedianum 

American eel Anguilla rostrata Goldeye Hiodon alosoides 
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Alewife Alosa pseudoharengus Mooneye Hiodon tergisus 
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Skipjack herring Alosa chrysochloris Brown trout Sa/mo trutta
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Rainbow trout Salmo gairdneri Brook trout Salvelinus fontinalis, subadult 
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Lamprey Family— 
Petromyzontidae 

Five species of lampreys in three genera are known from Wisconsin. 
Of these, three are parasitic and two nonparasitic. In the United States 

and Canada, 17 species occur in 3 genera (Robins et al. 1980), and 13 of 

the species are strictly freshwater forms. A fossil specimen of Mayomy- 
zon piekoensis was reported from the middle Pennsylvanian Francis Creek 
Shale of northeastern Illinois (Bardack and Zangerl 1968). 

Lampreys are scaleless and cartilaginous with funnel-like mouths, 
often armed with horny teeth. A single, median nostril occurs anterior to 
the eyes. Seven pairs of gills open to the outside, each by an individual 
opening. A long single or double dorsal fin is continuous with the caudal 
fin; paired fins are absent. 

All adult lampreys show the following traits: (1) In breeding females 
the anal fin fold is well developed and the tail turns upward, while in the 
males the anal fin fold is scarcely developed and the tail bends down- 
ward. (2) The lumen of the intestinal tract becomes nonfunctional and 
closes in fully mature individuals. (3) Between the time of peak physical 
development and spawning, the lengths and weights of adult lampreys 
of both sexes diminish. At spawning time sexually mature individuals 
are much smaller than they were a few months previously (Vladykov 
1951). 

Adults deposit their eggs in riffles of freshwater streams and then die. 
Upon hatching, the larval young burrow into silt and sand in quiet water 
where they filter-feed and grow. After 3 or more years, they metamor- 
phose into adults during late summer and early fall. The nonparasitic 
forms spawn the following spring but the parasitic lampreys not until a 
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year later. Nonparasitic lampreys spend their entire lives in streams; the 
parasitic forms may migrate downstream into widespreads of large rivers 
or into lakes where they prey on large fishes. 
Lampreys are secretive. Except for the parasitic adults attached to large 

fishes, they are rarely taken. Even these may release themselves from 
the prey fish as they are being lifted from the water. In recent years, 
larger numbers of lampreys have been collected by electrofishing. The 
electric shock momentarily immobilizes the free-swimming adults. Lam- 
prey ammocoetes are forced from their burrows in the stream bottom by 
the electric current and are collected in dip nets. 

The role of the lampreys has not yet been defined. As a group, they 
are repulsive to the general public; some fishermen refuse to touch them. 
Erroneously, all lampreys are condemned as parasitic and harmful. The 
greatest populations of native parasitic lampreys occur in some of our 
best fishing waters, which suggests that generalizations regarding the 
harmful effects of lampreys on sport fish species may not be true and 
instead that some unknown salutary effect may be occurring. On the 
other hand, it must be recognized that the sea lamprey which invaded 
the Great Lakes basin has been responsible for considerable damage to 
our native fish stocks.
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Silver Lamprey gin of body. Female with prominent post-anal fold, 
and body greatly distended from behind gill region 
to the cloaca. 

Ichthyomyzon unicuspis Hubbs and Trautman. Ichthy- Suspected hybrid: I. unicuspis x I. castaneus (Star- 
omyzon—sucker of fish; unicuspis—unicuspid, rett et al. 1960). Experimental I. unicuspis x I. casta- 
characteristic of the circumoral teeth. neus, I. unicuspis x I. fossor (Piavis et al. 1970). 

Other common names: northern lamprey, northern 
silver lamprey, river lamprey, brook lamprey, DISTRIBUTION, STATUS, AND HABITAT 
lamprey eel, lamper eel, blue lamprey, hitch- The silver lamprey occurs in all major drainages of 
hiker, bloodsucker. Wisconsin, especially in the boundary waters, the 

lower Wisconsin River, and the tributaries and lower 

lakes of the Upper Fox and Wolf rivers. 
am The silver lamprey is endangered in Nebraska and 

gare iii, tn South Dakota and rare in West Virginia (Miller 1972). 
“4 ¢ ees In Wisconsin it is uncommon to common. It is widely 

g distributed in the Lake Superior drainage but not 
taken in large numbers at any barrier (McLain et al. 

Adult 260 mm (specimen donated by Wisconsin DNR) 1965). 

This species is the common native parasitic lam- 
DESCRIPTION prey of large rivers and large lakes. Its habitat coin- 

Adult parasitic, cylindrical. Length 103-326 mm ides with waters bearing the greatest number of 
(4.1-12.8 in). Branchial diam into length of sucking large host fishes, particularly the scaleless catfishes 

disc 1.5 (1.0-1.8); length of sucking disc into TL 11.1 and the sturgeons. During spawning it is found in 
(8.2-14.8). Supraoral lamina with 2 (rarely 3) nar- fairly clear medium- to large-sized rivers over gravel, 

rowly separated teeth. Circumoral teeth 4 on either and occasionally over sand. Feeding adults may be 
side of the mouth opening, usually unicuspid (single taken over a wide range of bottom types—heavy 

point), the remainder bicuspid. Teeth in the anterior gravel to deep, soft mud, as in Lake Winnebago. In 
row of disc 2-4, usually 3. Teeth in lateral rows 4-8, the Mississippi River it is occasionally taken with the 

usually 6 or 7. Transverse lingual lamina bilobed. chestnut lamprey. The ecological distribution of these 
two species is generally complementary. Hubbs and 

<> aa ae Trautman (1937) suggested that this mutual avoid- 
POONA ee i hance EXE ance is due to competition and the resulting popula- Gon ne MW tion pressure. They also suggested that the sea lam- 

Se prey may partly or wholly replace Ichthyomyzon in 
Lakes Michigan and Superior. 

Transverse lingual lamina strongly curved to bilobed for silver 
lamprey (Hubbs and Trautman 1937:33) BIOLOGY 

Spawning in Wisconsin occurs in April, May, and 
Trunk myomeres 51 (46-53). Fins: 1 dorsal with a possibly June. A sexually mature female (326 mm, 
shallow notch, connected to a short round caudal fin. 65.5 g), taken 8 April from the Waupaca River (Wau- 

Young adult usually light yellow-tan, lighter on paca County), had ovarian weight of 9.71 g and an 
belly and gradually darkening toward the back; sides estimated 27,400 eggs 0.8-1.0 mm diam. In Canada 

sometimes mottled, occasionally slatey at any stage. a sexually mature female (201 mm, 13.5 g) had 15,474 
Large mature specimen blue or blue-gray on the eggs 0.8 mm diam (Vladykov 1951). 
sides and black and grayish or bluish on the lower In the spring, after water temperature reaches 10°C 
surface. Lateral line sense organs and those on the (50°F) or more, the adults begin to migrate upstream 
underside of the branchial region slightly darkened to spawn in nests they build in the gravel and sand 
with increase over 150 mm TL but far less black pig- of riffles in medium-sized streams with moderate 
ment than in the chestnut lamprey. gradients (Trautman 1957). At a developmental tem- 
Ammocoete indistinguishable from ammocoete of perature of 18.4°C (65°F), the burrowing larvae ap- 

the northern brook lamprey (Purvis 1970). pear within 5 days (A. J. Smith et al. 1968). When the 
Sexual dimorphism: Male with mid-dorsal ridge young leave the nest, they drift downstream and dig 

always present but not always prominent; urogenital into bars and beds containing a combination of sand, 
papilla occasionally extending beyond ventral mar- dark muck, and organic debris which is free from
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clayey soil. There they remain for an indefinite pe- have been reported to parasitize northern pike, pad- 
riod of time, possibly 4-7 years (Scott and Crossman dlefish, carp, lake sturgeon, suckers, white bass, and 
1973). They thrust their heads out from the upstream catfish. 

openings of their semicircular tunnels in order to In a laboratory experiment in which 23 species of 
feed upon the downstream-drifting microscopic food. fish were placed in tanks with silver lampreys, the 
The filter apparatus selects out algae, pollen, dia- silver lampreys chose brown bullhead, channel cat- 
toms, and protozoans (Harlan and Speaker 1956). fish, bowfin, white sucker, longnose sucker, Ameri- 
They are not parasitic as ammocoetes. can eel, carp, burbot, and black crappie as hosts (Roy 
Metamorphosis or transformation begins in Au- 1973). Of these, the carp and black crappie were used 

gust while the ammocoetes are still in their burrows, as supports, not for feeding. According to Vladykov 
and by the following spring they emerge from their and Roy (1948), no vertebrates other than fishes are 
burrows as small but transformed lampreys. In Wis- attacked by silver lampreys. 
consin in May these are 103-139 mm (1.6-5.9 g); in Observations in the laboratory show that this spe- 
Ohio, newly transformed silver lampreys (101-152 cies is especially active at night; 81.5% of the attacks 
mm) enter Lake Erie in late April, May, and June occurred during the night. The silver lamprey does 
(Trautman 1957); in Canada the ammocoetes (89-110 not show any hesitation in its choice of a host, even 

mm, 1-2 g) complete their transformation between 15 if the fish in its tank are numerous. Sometimes an 
May and 15 July. individual which appears indifferent toward several 

The adult is parasitic upon other fishes, attaching hosts will fix itself on a new fish, from among those 
itself with its suction-cup mouth. The sharp teeth cut recently introduced into the tank. An attack gener- 
through the scales and the skin of the lamprey’s prey, ally is made from the side, occasionally from the rear. 
and the blood of the prey is extracted. Lampreys The period of greatest growth and most active
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parasitic feeding occurs between June and Septem- IMPORTANCE AND MANAGEMENT 

ber. The lengths and weights of adult silver lampreys The ammocoetes and small adults of the silver lam- 
from Wisconsin have been tabulated according to the prey are doubtless preyed on by a variety of fishes, 
month captured. but its use as human food is probably minimal, al- 

though various reports concerning its edibility have 
Lengths and Weights of Adult Silver Lamprey in Wisconsin been received. Occasionally small adults are used on 

—____ Preserved MussumSpecimens) the lower Wisconsin River and elsewhere as bait for 
ae ‘oO sport fishes such as bass and catfish. 

pec “ca fens Tu. hen Although it is parasitic and feeds upon the body 

—————— ae ee < ea_tenge ee se juices of host fishes to which it attaches, the silver 
6 122 103-1 3 16-5. i : i Sere 4 te : ene aS ee lamprey is not considered especially destructive in 

July 9 145 125-195 81 3.1-15.7 Wisconsin (Brasch 1950). 
Aug. 1 181 13.1 Periodically, however, problems associated with 

i # ee 120-268 ee 182-8 this species do occur and the public clamors for re- 
Jan. . 1 293 46.4 medial action. In late 1949 numerous “river lam- 

Feb. 5 255 192-330 50.2 25.6-104.1 preys” were reported parasitizing fish in Pool 11 of 

er 4 202 ee se a1 372 612 the Mississippi River (opposite Grant County). About 
pr. 2e 276 225-326 48.9 32.4-65.5 : 
SS eee 500 silver lampreys (153 mm TL) had done damage 

*Newly transformed. t . fish tl but al: tfish ddl 
bSexually mature. 0 various fish, mostly carp, but also catfish, paddle- 

fish, and crappies. One commercial fisherman noted 

Comparable mean-growth data for the period of as ienpreya Piles wigs wf we vont = area fhe 
active feeding and growth come from the St. Law- ae s PT the com a seco? fish repor ‘: on une oie 
rence River of Canada (Vladykov and Roy 1948). Soe, ee ae ae eee een Eee ee ea 

A biologist assigned to the problem found that in all 
Males Females other sectors of the river silver lampreys were so 
TWh scarce as to be no menace or not a serious drawback 

(mm) (g) (mm) (9) to the food and sport fish. The cause of the flare-up 

M aya * oA — was unknown. The incident passed and no further 

Nee. joey gee ee eg Outbreaks have occurred there. 
a In 1966 and 1967, there was concern over the pos- 

During the winter months following an active sible effects of the native parasitic lampreys on the 

feeding period and until the time of spawning the fishery of the Upper Fox and Wolf rivers and their 
next spring, lengths and weights of both sexes di- lakes. R. Harris, former Department of Natural Re- 
minish. Roy (1973) found that some individuals in sources area supervisor, stated: 
the laboratory continued feeding and did not reach 

maximum growth until mid-January and the end of They’ve been here as long as the Indians have. We know 

February. Individuals placed in aquariums in Novem- they are capable of killing fish and have at times, but we 
ber and kept alive from 2 to 6 months decrease also know they do not do the damage the sea lamprey 

4-22% in length and 52-57% in weight (Vladykov does. . . . We've seen large carp carrying eight or 10 lam- 

and Roy 1948). Among the causes of shrinkage and preys and counted sturgeon with 26 on them. . . . the fact 

weight loss are fasting up to 6 months, narrowing of that the silver and chestnut lampreys are native to the 

the intestinal opening, and degeneration of the water and even in high cycles of population do not make 

digestive tract until it becomes nonfunctional. De- ae of a inroad on the ish leads of say ey comma 
spite this, the gonads develop rapidly, with individu- ane naRneaeh Meee — i 967) lamprey is: (ond aie 
als ready to spawn in April and May. After spawn- , 

ing, the silver lamprey dies; the length of life for Among the best waters in Wisconsin for sport and 

transformed individuals varies from 12 to 13 months. commercial fishing are the Mississippi River and the t 8 PP 
aime con = pee fa eh te ae, Pee eee of the Wor and Fox rivers and their 

was mm (13 in) long; in Quebec, akes, which coincide with the best silver lamprey 

322 mm (Roy 1973); in Ohio, 328 mm (Hubbs and waters in Wisconsin. Despite the occurrence of large 

Trautman 1937); in Illinois, 395 mm (Starrett et al. numbers of lampreys from time to time, the overall prey 
1960). fishing has seemed to be unaffected.
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Northern Brook Lamprey pigment, sometimes forming vertical columns. Pre- 
cursor of tongue with swollen bulb at base pig- 
mented black. Trunk myomeres 50 (45-55). Ammo- 

Ichthyomyzon fossor Reighard and Cummins. Ichthy- coete indistinguishable from that of silver lamprey 
omyzon—sucker of fish; fossor—a digger. (Purvis 1970). 

Other common names: Michigan brook lamprey, Sexual dimorphism: Breeding male with urogenital 
brook lamprey, Reighard’s lamprey, blood- papilla 1-2 mm long protruding through swollen and 
sucker. inflamed cloaca. Breeding female with prominent, 

slightly convoluted post-anal fold, body greatly dis- 
tended from behind gill region to cloaca and eggs 
visible through body wall. 

- Hybrids: Experimental I. fossor x I. castaneus, I. fos- 
ee ane sor X I. unicuspis (Piavis et al. 1970). 

SYSTEMATIC NOTES 
Ammocoete 143 mm, Tomorrow R. (Portage Co.), 17 Apr. 1962 The northern brook lamprey was described by Reig- 

hard and Cummins (1916). Hubbs and Trautman 

(1937) consider this species a dwarf, degenerative, 
nonparasitic form derived from the larger, parasitic 

' Pea esaa Ichthyomyzon unicuspis. 

DISTRIBUTION, STATUS, AND HABITAT 
The northern brook lamprey occurs in the Missis- 

Adult 125 mm, Plover R., Jordan Park (Portage Co.), 10 Sept. sippi, Lake Michigan, and Lake Superior drainage 
1969 basins. It is present in the Wisconsin, Red Cedar, and 

Rock river systems of the Mississippi drainage; in the 
DESCRIPTION Menominee, Peshtigo, and lower Wolf river systems 
Adult nonparasitic, cylindrical. Length 105-162 mm of the Lake Michigan drainage; and in a number of 
(4.1-6.4 in). Branchial diam into length of sucking tributaries to Lake Superior. It is probably more 
disc 0.65 (0.40-0.91); length of sucking disc into TL widely distributed than the records indicate. 
31 (21-49). Supraoral lamina with 2 teeth, close to- This species is uncommon in the Wisconsin River 
gether. Teeth of buccal funnel small and blunt. Trans- system, and common in the Red Cedar and Wolf 
verse lingual lamina bilobed. Trunk myomeres 51 river systems. 
(46-56). Fins: 1 dorsal with or without a shallow Although the northern brook lamprey has been 
notch, connected to a short round caudal fin. Chro- captured from small brooks (1-3 m wide) and large 
mosomes 2n = 164-166 (Robinson et al. 1974). rivers (30-100 m wide), it is more common in streams 

Adult color dark grayish brown on back and sides, of medium size, averaging 19 m wide and 0.7 m 
pale gray or silvery white on belly. Pale median line deep. Two large series of ammocoetes and adults 
against a dark back. Posterior part of tail about noto- were recovered over the following bottoms: mud 
chord dark gray, almost black. Sense organs of lateral 10%, sand 80%, gravel 10%; and hardpan 20%, sand 
line system generally of same color as trunk back- and silt 80%. It usually occurs in moderately warm 
ground. Following spawning until death, slate blue water, generally unsuitable for brook trout. The 
to black on back and sides, abrupt white or white- middle or lower portions of clear or muddy streams 
gray on belly. inhabited by this species often have water temper- 
Ammocoete back, sides, and caudal peduncle atures which fluctuate readily with changing air tem- 

brown to gray-brown grading to tan on belly and a peratures. In the Brule River (Douglas County) it is 
narrow strip at the base of the caudal peduncle. Anal most numerous in fairly shallow pools having sand- 
fold unpigmented. Lateral line sense organs colored silt bottoms and some rooted vegetation (Churchill 
as background, occasionally posterior organs encir- 1945). 
cled with thin black line, visible under magnification. 
Pale median line along dark back. Suborbital area un- BIOLOGY 
pigmented or lightly pigmented, providing a whitish In central Wisconsin spawning occurs from late April 
“window.” Dorsal fin unpigmented or with scattered to early June; in northern Wisconsin during June.
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_tontvomveontessor | STAINES | 8 gigeurnagg pons 
Tomorrow-Waupaca River (Portage County) speci- tion of water temperatures. The Little Wolf River pro- 

mens yield the following data: 17 April, a prespawn- vides brown trout water which warms up more read- 
ing female (127 mm, 4.2 g) with 1,400 tight eggs ily in the spring than Blake Brook, a brook trout-brown 
(0.6-0.9 mm diam); 9 May, a visibly gravid female trout stream. In the Tomorrow-Waupaca River, water 

(147 mm, 6.4 g) with loose eggs (1.0-1.2 mm diam), temperatures fluctuate quickly in response to changes 
a highly elevated dorsal fin, a caudal peduncle bent in air temperatures. During 1959, water temperatures 
upward and in ready-to-spawn condition; 30 May, a from 9 to 30 May averaged 17 (7.4-23.9)°C. In Can- 
spawned-out female (130 mm, 3.0 g) with only a ada mature specimens were collected from 8 to 30 
single egg (0.9 mm diam) remaining in the ovary, May at water temperatures ranging from 12.8 to 
emaciated with disc and anterior head degenerating. 17.2°C, and spawning reached its peak at 13.3-15.6°C 

Little Wolf River (Waupaca County) specimens: 18 (Vladykov 1949). In Michigan spawning seldom 
April, two females with loose eggs (0.8-1.0 mm takes place when the water is below 18°C; it is most 
diam) and close to spawning; 26 May, five females vigorous at 20-22°C (Reighard and Cummins 1916). 
completely spawned out (one with only four eggs left Spawning was observed in Michigan from 23 to 27 
in ovary), one female with several hundred loose May; the last adult was seen on 2 June (Reighard and 
eggs (1.0-1.3 mm diam) still in abdominal cavity. Cummins 1916). The spawning site in Mill Creek was 
Breeding was almost completed by this time. In 9.14 m (30 ft) wide, from 0.2 to 0.5 m (8-20 in) deep 

nearby Blake Brook on 7 June, one female, gravid over gravel 25-152 mm (1-6 in) diam. The current 
with eggs (0.8-1.0 mm diam), and four males were was strong. Adults attached themselves to pebbles, 
in ready-to-breed condition. tossing them up and out from between the larger 

The differences in spawning times may be a func- stones. Active lashing of the body at the same time
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served to stir up the sand, which was swept away by another year class the increments were 35, 39, and 27 
the current. Bright lights were avoided. Some spawn- mm (1.4, 1.5, and 1.1 in), respectively. 

ing nests were ill-defined; some were 75-102 mm Sixty-nine ammocoetes from the Crystal River 
(3-4 in) diam and of about the same depth. As many (Waupaca County) on 25 September 1971 appear to 
as seven or eight individuals were involved in nest- make the following age groupings based on lengths 
building. and weights: I: 27.5 mm, 0.065 g; II: 47-71 mm, 0.38- 

Because the spawning took place more or less hid- 0.55 g; III: 75-102 mm, 0.61-1.66 g; IV: 104-123 mm, 
den among stones, it was difficult to determine the 2.10-3.22 g; V: 131-141 mm, 3.56—4.25 g; VI: 155 mm, 
exact details of the act. Apparently the male attaches 6.42 g. Many problems have been encountered in at- 
himself by the buccal funnel either to a stone close to tempting to age ammocoetes through size, although 
where the female is likewise attached or to the body it is generally conceded that of the nonparasitic lam- 
of the female near her head. Then the bodies of both preys this species is perhaps the longest lived 
are thrown into spasmodic vibration and the eggs (Okkelberg 1922, Hubbs 1925). The largest specimen 
and milt are shed. collected came from the Tomorrow-Waupaca River 

Hankinson (1932) determined that this species will (Portage County) and was 171 mm, 11.01 g (6.7 in, 
also nest out in the open without any concealing 0.4 02). 
stones or other large objects near the nests. He ob- Ammocoetes develop over 3 to 6 years prior to 
served nests on 10, 11, and 13 May. All were depres- transformation (Purvis 1970, Okkelberg 1922, Hubbs 
sions in bottom material of gravel shallows just above 1925). Leach (1940) discusses the transformation pro- 
riffles; the water was about 0.3 m (1 ft) deep. From cess in detail. He found that after the transforming 
three to seven individuals were in the nests, coiling season there were always nontransforming ammo- 

their bodies about one another. Spawning behavior coetes which were longer than the largest transform- 
was similar in every way to that of the American brook ing ammocoetes, and suggests that during the last 
lamprey (Lampetra appendix). year before transformation the ammocoete enters 

In Missouri, Pflieger (1975) observed adults in the into a resting period during which there is cessation 
same nests as the chestnut lamprey, suggesting that of feeding and a probable decrease in length. 
nests excavated by the large parasitic species are In Wisconsin, transformation begins on the Brule 
sometimes utilized for spawning by this smaller spe- River as early as 9 August (Churchill 1945). In central 

cies. Wisconsin on 21 August I have seen transforming in- 
Optimum rearing temperature is 18.4°C (65°F) dividuals which had well-formed eyes, transverse 

(A. J. Smith et al. 1968). The developmental period is and horizontal lingual lamina defined, the sieve ap- 

about 12 days, after which the young wriggle free paratus disappearing medially and retracting periph- 
and for a time become free swimming (Leach 1940). erally, and papillary fringe buds appearing. The disc 
About 14 days after fertilization many larvae attempt length at this time is short (2-3 mm). 
to burrow. They dig, head downward, tail vibrating, Although the transforming animals remain in their 
forming a burrow in the shape of a flattened U. burrows during metamorphosis, they tend to leave 

In the Brule River (Douglas County) ammocoete the sand for longer intervals as the process advances 
burrows are generally found among vegetation in a (Leach 1940). Swimming does not become obvious, 
mixture of sand and silt in water 0.2—0.6 m (8-24 in) however, until late January and early February. It is 
deep (Churchill 1945). Where conditions are opti- assumed that the transformation process is complete 
mum, the concentration is very high. At one station only when the lampreys abandon their burrows. A 
on a delta below a strong rapids, 153 lampreys were period of about 3 or 4 months elapses between the 
taken from an area of 15.6 m?. completion of transformation and spawning. During 

The food of the ammocoetes consists of micro- the entire transformation and maturity period there 
scopic organisms such as diatoms and unicellular al- is a reduction in the length of the animal. Leach esti- 
gae (Churchill 1945). mates this as about 10% of the length at the onset of 

Growth of the ammocoetes is rapid. A 19-mm metamorphosis. 
young-of-year was taken on 16 October from the To- Early metamorphosis is described from an age-III 
morrow-Waupaca River. In the Sturgeon River, population of this species in the Sturgeon River, 
Michigan, Purvis (1970) determined annual incre- Michigan. Thirty-two ammocoetes (6% of the lam- 
ments of growth (based on October samples) as 37 preys 97-144 mm long) metamorphosed. The remain- 
mm (1.5 in) for the first year of life, 28 mm (1.1 in) for ing ammocoetes of this year class would be expected 
the second year, and 15 mm (0.6 in) for the third. For to transform in succeeding years. Consequently a
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year class of this species contributes to two or more IMPORTANCE AND MANAGEMENT 
spawning populations. The length-frequency data Since the northern brook lamprey is not parasitic, it 
demonstrate that this part of the year class metamor- has no harmful effect on other fishes. In the Brule 
phosed at age III without an extended rest period River its activities are restricted to a single type of 
(Purvis 1970). habitat, where its principal neighbors are burrowing 
Throughout the adult phase of life this species mayfly nymphs and small mussels. All three of these 

does not feed; the alimentary canal is nonfunctional forms feed directly on the microscopic organisms of 
and degenerates. Fifty adults from Wisconsin waters the water and the mud-water interface and possibly 
averaged 126 (105-162) mm long and 4.06 (1.9-7.0) g. compete with one another for food. The abundance 
Of 68 adults examined from the Brule River, 37 males of all three in the same area indicates that such com- 
averaged 110 (97-130) mm in length and 31 females, petition does not have an adverse effect on their sur- 

123 (112-141) mm (Churchill 1945). The largest adult vival (Churchill 1945). 
was 165 mm, 9.90 g (6.5 in, 0.3 oz); it was taken from Occasionally this species is used as food by other 
Willow Creek (Rock County) on 5 November 1975 fishes. The rock bass is a predator (Scott and Cross- 

(Wis. Fish Distrib. Study 1974-75). man 1973) and, in the Brule River, lampreys were 
It is generally assumed that the adults die a few taken from the stomachs of five rainbow trout 

days after spawning. However, on 7 August 1958, 2 (Churchill 1945). 
months following the spawning season, two fully We have no records of this species being used in 
mature adults, a male with spawned-out testis and a Wisconsin as bait for catching sport fishes, as is the 
female with well-formed but undersized eggs (0.3-0.5 case in Canada (Vladykov 1949), nor are there pub- 
mm diam), were captured from the Tomorrow-Wau- lished records that this small lamprey is used as food 
paca River. by man. 

In some streams of lower Michigan the northern This species is sensitive to the lampricide 3-trifluo- 
brook lamprey inhabited waters cf relatively low romethyl-4-nitrophenol (TFM), which has been used 
temperature (Morman 1979). In these the mean daily in control of the sea lamprey. Purvis (1970) estimated 
water temperatures during mid-June to August ranged that, following two treatments with TFM, 65-95% of 
from 14 to 20°C (57.2 to 68°F), with daily maximums the northern brook lamprey were eliminated from 
up to 21.5°C (70.7°F). the study area on the Sturgeon River, Michigan. In 

Other lamprey species are seldom taken in the the 1971 Wisconsin fish control program for the To- 
same water with the northern brook lamprey; how- morrow-Waupaca River basin, approximately 81 km 
ever, in the Lake Superior drainage the northern (50 mi) of mainstream and tributaries were treated 
brook lamprey occurs commonly in the same stream with antimycin for a complete fishkill. The poisoning 
system with the silver lamprey and sea lamprey, but removed the lamprey population. Subsequent tests 
only occasionally with the American brook lamprey on various areas indicate that it has not reestablished 
(H. Purvis, pers. comm.). It generally occurs in larger itself. Care must be taken that this unusual species, 
waters than the American brook lamprey and in which has a highly restricted range, is not jeopar- 
smaller waters than the parasitic silver lamprey. dized through the indiscriminate use of fish toxi- 

Where ranges overlap, generally only one species is cants. 
common.
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Chestnut Lamprey smallest individuals) to brown, grading to a cream- 
colored belly. Pale median line along back lacking. 
Base of caudal peduncle pigmented except for the 

Ichthyomyzon castaneus Girard. Ichthyomyzon—sucker anal fold and a narrow strip on either side. Lateral 
of fish; castaneus—chestnut colored. line sense organs with a concentration of black pig- 

Other common names: western lamprey, northern ment. Suborbital area pigmented like the surround- 
lamprey, silver lamprey, brown lamprey, lam- ing head region or slightly lighter. Dorsal fin with 
prey eel, river lamprey, lamper. wide vertical bars (or portions thereof) consisting of 

pigment cells lying in horizontal layers one on top of 
the other. Precursor of tongue tapered and heavily 
pigmented. 

= — Sexual dimorphism: Mature male with urogenital 
———— i earern : papilla occasionally extending beyond ventral mar- 

gin of body. Female with prominent post-anal fold, 
and body greatly distended from behind gill region 

Ammocoete 140 mm, Prairie R. (Lincoln Co.), 3 Sept. 1976 to the cloaca (A. J. Smith et al. 1968). 

Suspected hybrid: I. unicuspis x I. castaneus, 242 
mm (9.5 in) TL, from Pool 15 of Mississippi River 

oo (Starrett et al. 1960). Experimental crosses with I. fos- 
= Se see ae OP sor and I. unicuspis attained burrowing stage (Piavis 

ge aS et al. 1970). 

DISTRIBUTION, STATUS, AND HABITAT 
Adult male 255 mm (specimen donated by Wisconsin DNR) The chestnut lamprey occurs in the Mississippi and 

Lake Michigan drainage basins. It is not known from 
DESCRIPTION the Lake Superior basin. 
Adult parasitic, cylindrical. Length 125-271 mm In Iowa the chestnut lamprey is threatened (Roosa 
(5-10.7 in). Branchial diam into length of sucking 1977); in Kansas it is rare; and in Nebraska, endan- 
disc 1.4 (1.0-1.8); length of sucking disc into TL 12.3 gered (Miller 1972). In Wisconsin this species is un- 
(10.3-16.2). Supraoral lamina with 2 (3) narrowly common to common in the Wisconsin, Mississippi, 
separated teeth. Circumoral teeth 4 on either side of Chippewa-Red Cedar, St. Croix, and Namekagon 
mouth opening, usually bicuspid 6.6 (3-8), the re- river systems. In the Lake Michigan drainage it is 
mainder (if any) unicuspid. Teeth in the anterior row rare; I have only one verifiable record, a specimen 
of disc 3-6, usually 4 or 5. Teeth in lateral rows 6-10, from the upper Fox River at Eureka (Winnebago 
usually 7 or 8. Transverse lingual lamina linear. Trunk County). The Greene (1935) record from Whitcomb 

Creek near Symco (Waupaca County) is based on an 
ammocoete unidentifiable as to species, which is 

now identified as Ichthyomyzon sp. (Hubbs and Traut- 
ED man 1937). J. Kasper (pers. comm.) was unable to 

find the chestnut lamprey in Lake Winnebago; how- 

Transverse lingual lamina linear and weakly curved for chestnut ever, Priegel (1967a) reported it as rare in that lake. T. 
lamprey (Hubbs and Trautman 1937:33) Wirth reported it from Lake Poygan (Becker 1964b). 

In the Prairie (Lincoln County) and Namekagon 
myomeres 53 (51-56). Fins: 1 dorsal with a shallow (Sawyer County) rivers it is encountered at stream 
notch, connected to a short round caudal fin. widths of 10-15 m (33-50 ft) at average depths of 25 

Adult from light on belly to darker above with cm (10 in), having bottoms that are typically gravel 
scarcely any bicolored effect; sides sometimes mot- and rubble with shallows of sand and silt. Although 
tled. Occasionally slatey at any stage, becoming blue- occasionally found in impounded and other quiet 
black after spawning and prior to death (Hubbs and water, this species generally inhabits flowing water. 
Trautman 1937). Lateral line sense organs and those Unlike its close relative, the silver lamprey, it is more 
of the underside of the branchial region with a con- common in medium-sized streams than in large riv- 
centration of black pigment. ers. These species show a strong tendency toward 
Ammocoete back and sides gray (generally in the mutual avoidance (Hubbs and Trautman 1937).
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_lehthyomyzonesstaneus || ee eee O Greene (1935) 

BIOLOGY rapid quivering movements of the body. A second in- 
Spawning in Wisconsin occurs in Apa eee A lal, Presumably a male; would ‘hen He i 
swarm of this species, consisting of hundreds of in- the head of the first, and wrap its tail around the 

dividuals, was seen attached to vegetation in the Yel- other’s body. They quivered rapidly together. Some- 
low River (Wood County) in mid-April 1962 (D. Fol- times a third individual would then attach to the 
len, pers. comm.). This was undoubtedly a spawning head of the second. Up to five lampreys were ob- 
concentration of chestnut lamprey; one of them was served attached to each other in this manner. (This 
captured (UWSP 1593). phenomenon of up to five individuals attaching to 
5 a Michigan during a single night Hall oe each other in puccession and irenltedt rapid quiv- 

-10 spawners on one nest under a log in 61 cm (2 ft ering has not been previously described. 
of moderately swift water. In the Rat River, Mani- Those lampreys not engaged in mating were ma- 
toba, about 50 individuals spawned over one nest nipulating stones up to 5 cm diam from the upstream 
(Case 1970). end of the nest back into the excavation. Thus eggs 
Spawning behavior was described by Case (1970). were probably covered as the nest was being ex- 

Observations were made in mid-June in the Rat panded in an upstream direction. By 1030 hr next day 
River, Manitoba. The river was 9.5 m (31 ft) wide, the entire nest area, both excavated and filled in, ex- 
water temperature 16.5°C (61.7°F), and velocity ap- tended 6.2 m upstream from the original nest-build- 
proximately 1 m/sec. Approximately 50 chestnut lam- ing site, indicating that spawning had continued 
preys moved stones with their discs and by 1700 hra throughout the night. The lamprey school was re- 
nest area 0.6m X 1m X 5cm deep had been cleared. duced in number to about 25. These were generally 
Then one individual, presumably a female, would at- paired off; they scattered in the upstream end of the 
tach itself to a large stone (3.5-5 cm diam) and begin nest and spawned sporadically. Many small fishes,
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chiefly the common shiner, were present immedi- (7.6 and 9.3 in) respectively (range 186-271 mm). In 
ately downstream from the nest, probably feeding on April of its second year as an adult in Yellow River 
lamprey eggs. Elliptical eggs (avg 0.635 mm x 0.560 (Wood County), a sexually mature female, 255 mm 
mm), presumably from I. castaneus, were found in the (10.0 in) TL and 37.7 g (1.3 oz), had an ovarian 
stomachs of two adult male shiners. By 1430 hr only weight of 4.8 g and an estimated 13,400 eggs 0.6-0.7 
10 lampreys remained in the spawning area, all at the mm diam. The foregoing are preserved lengths and 

head of the excavation. No further spawning activity weights. 
was observed. The known maximum size of a chestnut lamprey 
Ammocoetes of the chestnut lamprey select areas in Wisconsin is 271 mm (10.7 in) TL. 

of moderate current, with stable bottoms of sand and 

silt with light growth of Chara. Larger ammocoetes IMPORTANCE AND MANAGEMENT 
have been found in quiet backwater areas of black The effects of this parasitic lamprey on prey species 
muck and silt only in places where rooted vegetation is not known, at least not as clearly as those of a 
was dense. The length of ammocoete life is unknown mammalian predator on its prey species (e.g., wolf- 
but is presumed to be 5 to 7 years (Scott and Cross- caribou). The terrestrial predator helps to bring about 
man 1973). (1) population control, (2) selection against the weak 

The ammocoetes are filter feeders, extracting dia- and genetically inferior, and (3) establishment of a 

toms and desmids from the water and the bottom balance of nature. A similar role may be played by 
slurry. Twenty-one ammocoetes captured 22 June the lamprey in the aquatic ecosystem. Excellent trout 
1976 from the Prairie River (Lincoln County) aver- populations exist in Wisconsin streams where the 
aged 128 (104-155) mm TL and 4.0 (1.9-7.34) g. chestnut lamprey is found. Hence the possibility ex- 

In the Manistee River, Michigan, metamorphosis ists that the presence of the lamprey has some salu- 
begins in August or September of the final ammo- tary effect, at this time not known and not under- 
coete year at 90-100 mm (3.6-4 in) TL and is com- stood. 

pleted in January (Hall 1963). The transforming In electrofishing runs on the Chippewa River be- 
adults may be briefly parasitic the first fall but are tween Eau Claire and Durand, chestnut and silver 
inactive over the winter and commence active preda- lampreys were seen clinging to numerous redhorse 
tory feeding the following spring. The adults feed suckers and lesser numbers of paddlefish (1 indi- 
from April to October, with the greatest feeding ac- vidual with 12-15 lampreys attached to the belly), 
tivity in July (when about 30% of the trout 178 mm [7 goldeye, and northern pike (D. Becker 1977, pers. 
in] and longer observed in the study area had lam- comm.). On the St. Croix River (Wisconsin-Minne- 
preys attached). The following winter the chestnut sota boundary) chestnut lamprey scars were seen on 
lampreys are inactive as they mature sexually. redhorse suckers, channel catfish, northern pike, 

Since the growth rate of the chestnut lamprey in carp, white sucker, and smallmouth bass (Kuehn et 

the Manistee River study area did not keep pace with al. 1961). A scarring incidence of 25% was noted on 
the very high rate of mortality of the adults, there redhorse in the St. Croix Falls reservoir. Kuehn et al. 
was a steady decrease in the standing crop to about concluded that (1) lamprey scarring is closely gov- 
half of its initial value by the end of the season. Hall erned by the abundance of lampreys, and (2) the 
calculated the net production of the chestnut lam- abundance of redhorse suckers was not affected by 
prey population in the study area at 1.48 kg/ha (1.32 lamprey predation. Chestnut lampreys have also 
Ib/acre) from May through October 1961. Production been reported on brown trout in the Namekagon 
was negligible during the rest of the year. In May River. 
1961 there were approximately 2,000 adult lampreys In Michigan, data from lamprey studies suggest 
in the marking area. The mortality rate was high; that the destructive potential (grams of fish killed per 
only 200 were present by October 1961. The average gram of growth) of the chestnut lamprey was directly 
length of the lampreys increased from about 105 mm related to the size of the lamprey and was similar to 
(4.1 in) in May to 175 mm (6.9 in) in October (avg wt that of the sea lamprey of comparable size. Hall 
increased from 1.8 to 9.1 g, respectively). (1963) estimated the destruction of trout to be as 

In Wisconsin, a newly transformed adult in April much as 23.5 kg/ha (21 Ib/acre), or about a third of 
was 125 mm (4.9 in) TL and 2.5 g (0.1 oz). In June, the trout available to anglers during the 1961 trout 

seven adults averaged 166 (132-194) mm and ranged season. Consequently, Michigan treated portions of 
from 3.5 g to 16.7 g. By September and October the Manistee River to reduce predation on fish popu- 
chestnut lamprey adults averaged 194 and 236 mm lations.
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Sea Lamprey DISTRIBUTION, STATUS, AND HABITAT 
The sea lamprey occurs in Lakes Michigan and Su- 
perior and in numerous tributaries to these lakes. An 

Petromyzon marinus Linnaeus. Petromyzon—sucker of exotic, this species entered the upper Great Lakes via 
stone; marinus—of the sea. the Welland Canal. The first Wisconsin record, caught 

Other common names: great sea lamprey, landlocked 23 March 1936, was a 406-mm (16-in) lamprey at- 
sea lamprey, lake lamprey, lamprey, lamprey tached to a lake trout 24 km (15 mi) off Milwaukee in 
eel, lamper eel, lamper. Lake Michigan (Hubbs and Pope 1937). In 1938 the 

sea lamprey was reported from Lake Superior. Today 
it is well established in Wisconsin waters and has be- 

- come a dominant feature of the aquatic fauna. 
i —— Open dots on the map indicate known uppermost 

tri eee locales of tributary streams where the sea lamprey 
has been captured or observed. Its distribution in 
tributary streams is probably more extensive than is 

Adult 507 mm, L. Michigan, Algoma (Kewaunee Co.), 18 Apr. indicated by our records. In lower Michigan the sea 
1971 lamprey demonstrated the greatest adaptability of all 

five species of lampreys, by occupying the widest 
DESCRIPTION range of streams and habitats (Morman 1979). Its 

Adult parasitic, cylindrical. Length 305-610 mm habitat preferences are intermediate between the 
(12-24 in). Branchial diam into length of sucking disc Ichthyomyzon spp. and the American brook lamprey. 
1.2 (1.0-1.4); length of sucking disc into TL 13.4 In spring, mature lampreys require spawning habi- 
(11.7-16.6). Supraoral lamina with 2 narrowly sepa- tat of gravel, sand, and rubble in tributary streams 
rated teeth. Circumoral teeth 4 on either side of such as Hibbard’s Creek and Peshtigo River in the 
mouth opening, bicuspid. Teeth in lateral rows 5-7. Lake Michigan basin and the Bad, Middle, Amnicon, 

Trunk myomeres 69 (63-73). Fins: 2 dorsal, generally and Brule rivers of the Lake Superior basin. Nesting 
well separated (occasionally close together in breed- generally occurs close to the large lake, although in 
ing males); separated by deep notch from a rounded, the Bad River drainage sea lampreys have been ob- 
angular, or spade-shaped caudal fin. Chromosomes served some 50 km (31 mi) upstream. After hatching, 
2n = 168 (Potter and Rothwell 1970). the larvae require eddies or pools of sandy silt, mud, 

Newly transformed adults grayish blue above, and detritus. As a result of the drift, ammocoete lar- 
grading to white on belly. Fully grown adults dark vae have been recovered from Lake Michigan itself 
brown to black dorsally, light yellow to pale brown within 0.4 km of the mouths of spawning streams 
ventrally; dorsal half marbled in largest adults. Dark (Wagner and Stauffer 1962). After metamorphosis, 
blotch of tail extending to margin of fin. Yellow var- the young adults inhabit the deep waters of the lake, 
iants possessing pigment pattern of dark forms noted where they begin their parasitic phase, and, prior to 
by Manion (1972). breeding, they move into the shallows in the vicinity 
Ammocoete brown on upper sides and _ back, of stream mouths. 

lighter on belly. Upper lip and suborbital region pig- 
mented; branchial region above branchial groove pig- 
mented except for light-colored band narrower than BIOLOGY 
width of a branchial muscle segment; caudal pedun- Migration up the tributaries of Lakes Superior and 
cle entirely pigmented except for anal fold. In am- Michigan begins in early spring when stream tem- 
mocoetes to 70 mm, body lining darkly pigmented peratures rise above 4.5°C (40°F), and spawning oc- 
and precursor of tongue generally unpigmented. curs at water temperatures over 10°C (50°F). In south- 

Sexual dimorphism: Breeding male with promi- ern Lake Superior streams, spawning runs usually 
nent ropelike ridge along back; urogenital papilla oc- peak by the end of May or during the first half of 
casionally extending beyond ventral margin of body. June (McLain et al. 1965) but in one Upper Michigan 
Breeding female with prominent anal fold. stream the spawning cycle occurred from 27 June to 

Experimental hybrids attempted with Ichthyomyzon 20 July (Manion and McLain 1971). Sea lampreys 
castaneus, I. unicuspis, I. fossor, and Lampetra appendix seek out streams with gravel or sand bottoms and 
(Piavis et al. 1970); best development with the last. with moderately strong current.
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Patromyz0n marine | & AER I ig SEL LTO Greene (1935) 

The following account is taken largely from Apple- 62,870 eggs (Vladykov 1951). Twenty-nine females 
gate (1950), Applegate and Moffett (1955), and Man- (340-511 mm) from an Upper Michigan tributary to 
ion and McLain (1971). The male starts building a Lake Superior averaged 68,599 eggs (Manion 1973). 
nest and is joined by a female who helps. They clear Mature eggs are 0.8-1.3 mm diam (Parker and Len- 
a small area about 0.6-0.9 m (2-3 ft) square, picking non 1956). Following spawning, the adults die. 
up stones with their mouths and piling them in a The eggs hatch in from 10 to 12 days. According to 
crescent-shaped mound (about 8 cm high) on the McCauley (1963), the range of temperatures neces- 
downstream side of the nest. Spawning begins dur- sary for successful hatching is 15-25°C (59-77°F); 
ing nest-building. While the female clings to a stone however, Manion and McLain (1971) noted success- 
at the upper margin of the nest, the male seizes her ful hatches at 10-18.3°C (50-—65°F) in the Big Garlic 
at the back of the head with his mouth and presses River, Michigan. About 6.3% of the eggs hatch (Man- 
his body against her side and loops his tail over her ion 1968). The larvae remain buried in the sand and 
body. During copulation, which lasts 2 or 3 seconds, gravel until about the 20th day, when they (now 8.5 
the female actively vibrates while the male holds his mm long) leave the nest and drift downstream until 
position, stirring up such a cloud of sand that the they reach quiet waters. Here they burrow into the 
20-40 sticky, fertilized eggs are at once concealed and sand or silt and undergo development over 3-5 or 
covered, or are carried to the gravel rim of the nest, more years. Manion (pers. comm.) noted that am- 
where they lodge in the spaces among the stones. mocoetes in the Big Garlic River study area were over 

Such matings occur at intervals of from 1 to 5 min, 17 years old. While they are developing, they filter- 
persisting from 1 to 3 days, during which time feed on diatoms and other materials which are car- 
24,000-107,000 eggs are laid. Ten females (291-439 ried in the water and come to rest on the bottom 
mm) from Hibbard’s Creek (Door County) averaged (Manion 1967).



Sea Lamprey 213 

The downstream drift of ammocoetes has been and rarely occurred in cool spring-fed streams where 
noted by Manion and McLain (1971). Most move- brook trout and slimy sculpins were abundant. 
ment is in April and May at night, and during pe- The movement of adult sea lampreys is extensive. 
riods of activity an increase in water level commonly Recapture of tagged sea lampreys (Moore et al. 1974) 
increases the extent of downstream drift. This drift has shown that many individuals have traveled long 
may account for the presence of ammocoetes which distances and that movement between lakes is com- 
are now being found in the estuaries and bays of the mon. Twenty-four lampreys tagged in Lake Huron 
Great Lakes. were recaptured at widely scattered localities in 

Transformation of ammocoetes into adults (100-180 northern Lake Michigan, and one was taken off Mil- 

mm long) begins in mid-July, and by October most waukee, 426 km (264 mi) from the tagging site. The 
are fully transformed (Manion and Stauffer 1970). distance traveled by sea lampreys tagged in northern 
Movement of recently metamorphosed sea lampreys Lake Michigan was as great as 298 km (185 mi) to the 
begins in September and extends through May of the south (off Manitowoc, Wisconsin) and 450 km (279 
following year. Major movement occurs in October mi) to the southeast (Grand Bend, Ontario). But 
and November, with a lesser peak in April (Manion, about half (268, or 56%) of the 477 sea lampreys re- 
pers. comm.). The new adults drift downstream and captured had moved no more than 15 km from the 
into the deep water of the Great Lakes, where they point of release. The fastest movement recorded was 
attach and feed on the blood and tissues of lake trout, 11.1 km (6.9 mi) per day. 

large chubs, burbot, and other deepwater species. As Fish to which the sea lampreys are attached are 
the lampreys grow larger, they move shoreward, and probably responsible for some of their movement. 
in the fall they are found in relatively shallow water, Also, the sea lamprey has been known to fasten on 
where they now attack the lake whitefish, lake her- to ships (B. R. Smith et al. 1974); divers who exam- 
ring, walleye, yellow perch, round whitefish, sucker, ined 125 ships passing through the Canadian locks at 
and carp. As a sea lamprey feeds, an anticoagulant Sault Ste Marie found 18 sea lampreys attached to the 
secreted by its buccal glands keeps the blood of the hulls. The sea lamprey’s habit of hitching onto ships 
host fish from clotting, resulting in a free flow of food has no doubt greatly increased the rate of infestation 
to the parasite (Schneberger 1947). of Lakes Michigan and Superior. 

Toward the end of the winter, the sea lampreys In the laboratory, adult lampreys are more active 
now 300-600 mm (12-24 in) long, begin to mature during the daylight hours (Parker and Lennon 1956). 

sexually and gather with others off the mouths of Nonfeeding attachments on prey fish were observed 
streams. Beginning as early as January, prespawning to be common. A sea lamprey often attaches itself to 
adults cease feeding or feed at a greatly reduced rate a host for a considerable period of time and then 
(Anderson and Manion 1977). While the sex glands shifts to one or more sites on the same fish before 
are developing rapidly, the digestive tract is degen- rasping a feeding hole. On the average, each sea lam- 
erating, and further metabolism is dependent on the prey made 87 attacks and spent 2,383 hours of feed- 
degeneration of the lamprey’s muscles, skin, and ing and 523 hours of nonfeeding attachment, and 
even eyes. The adult phase lasts 12-20 months. The was responsible for 8.39 kilos (18.5 Ib) of fish killed. 
capture of tagged adults at least 2 months after the Female lampreys made more attacks, fed more, killed 
end of the normal spawning season, however, has more fish, and grew larger than males. The research- 
indicated an extension of the parasitic phase of the ers estimate that the average fishkill by a wild sea 
life cycle beyond the usual 12-20-month period, pos- lamprey exceeds and could be approximately double 
sibly due to late-season maturation of the gonads, the number of fish killed by lampreys in the labora- 
disease, or deleterious effects of tags (Moore et al. tory aquariums. 
1974). 

The maximum length attained by the landlocked IMPORTANCE AND MANAGEMENT 
form of the Great Lakes sea lamprey is 76 cm (30 in) The sea lamprey is a known host to glochidia of the 
(MacKay and MacGillivray 1949). The saltwater mollusk Anodontoides ferrussacianus (Hart and Fuller 

(anadromous) form grows to 91.5 cm (36 in) and 1974). 

weighs 1.36 kg (3 Ib) (De Sylva 1964). Sea lampreys are preyed on by several species of 
Stauffer and Hansen (1958) reported that sea lam- gulls, by herons, hawks, owls, bitterns, water snakes, 

prey larvae in Michigan streams of the Lake Superior raccoons, muskrats, mink, weasel, fox, and by north- 
drainage were most numerous in streams with sum- ern pike, walleye, and brown trout (Scott and Cross- 
mer water temperatures of 10 to 26.1°C (50 to 79°F) man 1973). Minnows of genus Notropis and Rhin-
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ichthys are known to feed on lamprey eggs as they tasty dishes. In general, it is grilled, fried, marinated, 
are being laid. steamed, served with different sauces, smoked, salted, 

Although only a small number of the eggs laid by and canned. 
the sea lamprey hatch into larvae, the success of this Sea lamprey control has progressed through three 
species has reduced a once-lucrative lake trout fish- phases, with the use first of mechanical barriers, then 
ery to a fraction of its former wealth. A decade after electrical barriers, and subsequently chemical treat- 
its entrance into Lake Michigan the sea lamprey was ments. The first two were designed to entrap and de- 
firmly established; spawning runs had been reported stroy adult sea lampreys before they could spawn; 
in many streams and commercial fishermen had for the last, to remove generations of ammocoetes and 
several years been complaining of high incidences of so avoid the parasitic phase of the cycle. The program 
sea lamprey wounds in their catches (Shetter 1949). has been costly. In 1955 the International Great Lakes 
Early reports indicated that the sea lamprey’s pri- Fishery Commission was established, with member- 
mary victim was the lake trout, followed by white- ship from Canadian provinces and from the states 
fish, suckers, walleyes, yellow perch, and carp. bordering the Great Lakes, to enhance productivity 
Other species, particularly deepwater ciscoes and of fish stocks of common concern and to eradicate or 
burbot, were also severely attacked. minimize sea lamprey populations in the Great 

In the Wisconsin waters of Lake Michigan the catch Lakes. The chemical treatment of tributary streams to 
of lake trout by commercial fishermen declined from a single lake averages $1 million, and the program is 
1,124,140 kg (2,478,262 Ib) in 1940, to 25 kg (56 Ib) in repeated every several years. 
1954, and to none the following year (Wiegert 1958). In Lake Michigan sea lamprey control began in 
In Lake Superior circumstantial evidence suggested 1953 (Wells and McLain 1973). By 1958, barriers 
that sea lamprey predation was a major factor in the (mostly electrical, a few mechanical) had been placed 
high natural mortality of lake trout (Pycha and King across 65 streams to block upstream migration of sea 
1975). Lakewide production dropped from 2.1 mil- lampreys. Barrier operations were discontinued in 
lion kg (4.7 million Ib) in 1949 to 168,300 kg (371,000 1960 in favor of a more effective method of lamprey 
Ib) in 1961—a 92% decline in little more than a dec- control—the treatment of streams with a toxicant se- 

ade. lective for lamprey larvae. By 1966 all tributary 
In Lake Superior the prevalence of lamprey attacks streams known to harbor sea lamprey larvae had 

in the late 1960s was apparent from the incidence of been treated, and many of the streams have since 
healed scars (Pycha and King 1975). In 1969, for ex- been treated a second time. The success of the treat- 
ample, 50% of 160 spawning trout 635-734 mm ment is shown by the sharp decline of spawning-run 
(25.0-28.9 in) long, 83% of 149 fish 737-836 mm sea lampreys recorded at three barriers which had 
(29.0-32.9 in) long, and 100% of 26 fish 838 mm (33 been left in operation to provide yearly indices of 
in) and longer bore healed scars. Fish in the smallest abundance: 12,886 lampreys were caught in 1961 and 
size group bore an average of 0.7 scar per fish and 1,168 in 1966. For financial reasons the “index” bar- 
those of the largest-size group averaged 4.2 scars per riers were removed after the 1966 spawning season. 
fish. G. King (pers. comm.) estimated that the sea Consequently, trends in lamprey abundance since 
lamprey currently accounts for a 60-80% mortality that time are not easily ascertained. 
among lake trout ages VII-IX and of spawning size. In Lake Superior experimental control of the sea 

In addition, the destruction of predators by the sea lamprey with electric barriers was begun in 1953 
lamprey probably permitted the rapid expansion of (McLain et al. 1965). Installed below spawning grounds 
the exotic alewife, which has unbalanced native in streams and rivers tributary to Lake Superior, 
stocks still further (S. H. Smith 1970). these barriers were designed to prevent the sexually 

In the Great Lakes the sea lamprey has been mature sea lampreys from reproducing. They were 
known to attach itself to long-distance swimmers, placed on the following rivers, among others: Bad, 
but it is quickly and easily dislodged. It does not at- White, Cranberry, Brule, Poplar, Middle, Amnicon. 
tach itself to humans until long submersion has low- Catches of sea lampreys on the Brule River for the 
ered their skin temperature; then it will attach and years 1958, 1959, and 1960 were 22,842, 19,389, and 
begin to rasp (Scott and Crossman 1973). 9,755, respectively. In the total operation along the 

Historically, the adult sea lamprey has been an im- south shore of Lake Superior, the catches dropped 
portant food and a delicacy. In France, Germany, and substantially, from 66,931 in 1958 to 52,173 in 1959 
the Baltic countries it is in great demand (Vladykov and to 39,783 in 1960. The development of a means 
1949), and through elaborate recipes is made into of control by selective chemicals in 1958 superseded
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the barrier control system, which was given up at the ably persist for some years, even if stream popula- 
end of the 1960 season. The barriers on the Brule and tions of larvae are exterminated (Wagner and Stauffer 
Amnicon rivers, however, are kept in operation, to 1962), inasmuch as some streams have been found 
assess the effectiveness of chemical control. with ammocoete populations offshore. Control of 

In Lake Superior the highest catch of sea lampreys these offshore populations is accomplished in several 
was recorded in 1961 after 3 years of chemical opera- ways. When a combination of suitable offshore habi- 
tions, when 71,081 were taken at 37 barriers (B. R. tat and downstream drift is found, the streams are 

Smith et al. 1974). In 1962, however, the numbers of treated more frequently, to prevent recruitment to 
adult sea lamprey fell suddenly and sharply. The 37 offshore areas. Bottom toxicants, which release 
barriers captured only 9,992 individuals, a decline of chemicals on the bottom in habitats where ammo- 
86% from the previous year. From 1962 through 1970 coetes are concentrated, have also been developed. 
the numbers captured at 24 assessment barriers var- The Great Lakes Fishery Commission continues to 
ied from 3,745 to 12,581. search for new and effective means to control the sea 

The size and sex ratios of sea lampreys from Lake lamprey. Among the other approaches to lamprey 
Superior changed as the control program progressed. control that are being investigated are such biological 
The length and weight of adult lampreys decreased methods as hormones directed toward the control of 
slowly from 1954 to 1961. In 1954, the average length metamorphosis, and infection with viruses. Also, 
was 455 mm (17.9 in) and the mean weight was 217 lamprey raised from eggs appear to be vulnerable in 
g (7.7 oz). By 1961 (the year of maximum lamprey the embryo stage, suggesting the presence of yet an- 
population), mean length had decreased to 406 mm other biological control. Currently being field-tested 
(16 in) and weight to 132 g (4.6 oz). In recent years, is the sterile-male technique, whereby a chemosteri- 

however, this trend has been reversed: the lampreys lant is injected into adult males, causing infertility 
are becoming larger and heavier. Moreover, a greater without suppressing their spawning behavior. Their 
ratio of females to males is appearing on the spawn- matings with normal females result in embryos 
ing beds. which die during development. 

At the present time, lampreys are controlled largely Some fish experts challenge the methods now 
through use of the lampricide chemical 3-trifluoro- being used for lamprey control. Hasler (1973) has 
methyl-4-nitrophenol (TFM) to kill the ammocoetes. questioned the validity of a control program which 
Concentrations from 1 to 6 ppm for a period of 8 destroys lampreys and other fish species rather than 
hours are lethal to sea lamprey larvae in most promoting their utilization by man. S. H. Smith 
streams. In a few streams where the concentration of (1973) has suggested that control agencies are estab- 
dissolved substances is high, 14 ppm TFM may be lishing optimum conditions for the sea lamprey by 
required (Baldwin 1968). Fish display varying de- thinning out lamprey stocks and thus providing the 
grees of resistance to the lampricide. Walleyes (Stizo- survivors with large numbers of lake trout. 
stedion vitreum) are almost as susceptible to it as lam- Continued control of sea lamprey is basic, perhaps 
preys, and particular care must be taken to maintain even crucial, to the maintenance of the valuable sport 
precise concentrations in rivers where these fish are and commercial fishery in the Great Lakes. Finding a 
present. suitable control system will be a major challenge to 

Although lamprey control is practised by chemi- man’s ingenuity and to his interest in preserving 
cally treating ammocoetes in streams, recruitment to what he can of the aquatic ecosystems so seriously 
parasitic populations of sea lampreys will presum- undermined by the exotic lamprey.
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American Brook Lamprey Experimental hybrids with Ichthyomyzon castaneus, 
I. unicuspis, I. fossor, and Petromyzon marinus (Piavis 
et al. 1970); best development with P. marinus. 

Lampetra appendix (DeKay). Lampetra—sucker of stone. 
Other common names: brook lamprey, lamprey eel, SYSTEMATIC NOTES 

lamprey, rock-sucker, small black brook lam- The long-used name Lampetra appendix was replaced 
prey, small black lamprey. by Hubbs and Trautman (1937) with Entosphenus la- 

mottenii (Lesueur). Since then the species name, 
spelled lamottenii or lamottei, has been placed varia- 
bly in Entosphenus, Lampetra, and Lethenteron. R. M. 

: —— Bailey and F. C. Rohde (in prep.) recommend the 

ESTEE SN Rr gem suppression of Lampetra lamottei (Lesueur) (Bailey et 
al. 1970) as unidentifiable. 

DISTRIBUTION, STATUS, AND HABITAT 
Ammocoete 187 mm, Pine R. (Richland Co.), 18 July 1962 The American brook lamprey occurs in the Missis- 

sippi and Lake Michigan drainage basins. It is known 
from the Upper Michigan drainage into Lake Supe- 

til, rior but not from Wisconsin waters. Major centers of 

eee Ei distribution are in the Red Cedar, Wisconsin, and 
. Rock river systems, all in the Mississippi basin. In the 

Lake Michigan drainage, specimens were examined 
from Three Mile Creek (Kewaunee County), Wausau- 

Adult male 173 mm, Little Plover R. (Portage Co.), 2 Apr. 1967 kee River (Marinette County), Tomorrow River (Por- 

tage County) and reported from East Twin River 
DESCRIPTION (Manitowoc County). 

Adult nonparasitic, cylindrical. Length 138-194 mm In Iowa this species is threatened (Roosa 1977); it is 

(5.4-7.6 in). Branchial diam into length of sucking rare in Connecticut, Massachusetts, and Missouri 

disc 0.70 (0.35-1.00); length of sucking disc into TL (Miller 1972). In Wisconsin it is common in the Mis- 

23.3 (16.6-37.4). Supraoral lamina with 2 widely sep- sissippi River drainage, but rare in the Great Lakes 
arated teeth. Circumoral teeth 3 on either side of the drainage. 
mouth opening, bicuspid. Teeth in lateral rows none. This lamprey inhabits the headwaters of cool, clear 
Trunk myomeres 68 (64-75). Fins: 2 dorsal, narrowly streams over sand and small gravel, occasionally over 
to broadly separated, the second continuous with a silt, clay, large gravel, and rubble. It prefers small- 
triangular-shaped caudal fin. Chromosomes 2n = sized streams, occasionally medium-sized rivers. In 
164-166 (Robinson, Potter, and Webb 1974). 15 different streams it occurred at average stream 

Adult brown, darker on back and paler ventrally. widths of 5.9 (2-15) m at depths of 0.7 (0.1-1.5) m. 
Fins with yellow tinge. Dark blotch at end of tail Common fish associates are sculpins, and brook and 
around the notochord not extending to the margin of brown trout. 
the caudal membrane. Spawning adults slate gray to 
gray-brown, paler ventrally. BIOLOGY 
Ammocoete brown on upper sides and back, Spawning occurs in April and May. Males arrive at 

lighter on belly. Upper lip and suborbital region un- the spawning site first and spawning may begin at 
pigmented; branchial region above branchial groove water temperatures of about 17.2°C (63°F). Pre- 
with broad unpigmented band equal to 2 widths of a spawning activity was observed by Duane Steiner 
branchial muscle segment; lower edge of caudal pe- (pers. comm.) in Big Roche Cri (Adams County) on 
duncle unpigmented. In ammocoetes to 70 mm (2.8 29 April 1971. A male selected a site on one edge of a 
in), body lining unpigmented and precursor of graveled area. Stones averaging 13 (6-50) mm diam 
tongue darkly pigmented (Vladykov 1950). were picked up with the buccal funnel and moved off 

Sexual dimorphism: Breeding male with high dor- to the side or on the upstream edge of the area being 
sal fins separated by a sharp notch; long, threadlike cleared. The nest, or redd, was an oval-shaped 
genital papilla. Breeding female with low dorsal fins depression 150-180 mm (6-7 in) long, 100-125 mm 
separated by broad notch; prominent anal fin fold. (4-5 in) wide, and 25-50 mm (1-2 in) deep. The male
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worked steadily but would pause now and then and into sand and silt, often close to the slower currents 
attach to a rock. During one rest period another lam- at the water’s edge. The length of time for ammo- 
prey (undoubtedly a male) appeared and attached it- coete development is not known, although it may be 
self to the top of the first lamprey’s head. The first as long as 5 years (Hubbs 1925). The ammocoetes 
lamprey released itself from the rock and both drifted feed mainly on diatoms and desmids (Creaser and 
downstream out of sight. In a few moments both Hann 1928). 
reappeared, the first lamprey returning to its redd- Ten ammocoetes from the Pine River (Richland 
building. The other selected a site nearby and initi- County), 18 July 1962, measured 196 (189-202) mm 
ated construction of another redd. P. Manion (pers. in length and weighed 13.58 (11.84-16.01) g. Manion 
comm.) commented that the above episode was a and Purvis (1971) reported adult American brook 
typical example of fighting in males. lampreys, 260-299 mm (10.2-11.8 in) and 37-46 g 

According to Breder and Rosen (1966), a nest may (1.3-1.6 oz), from tributaries of Lake Michigan (Up- 
become a community affair for as many as 25-40 per and Lower Michigan). Evidence suggests that 
adults, although there is free movement among ad- these individuals may have fed parasitically. 
jacent nests. A male attaches himself to the head of a In southern Wisconsin metamorphosis occurs in 
female who is attached to a rock at the head end of mid-August, when the eyes appear and the buccal 
the nest and twists his body partly around hers. Joint hood consolidates into a disc or funnel. In the newly 
vibrations result in release of eggs and sperm. Adults transforming adult the sieve apparatus is still visible, 
die after spawning. although much simplified, and the papillary fringe 

Embryological development is discussed by A. J. on the disc is rudimentary. By mid-September the 
Smith et al. (1968). After hatching, the larvae are car- bases of the disc teeth (still bearing traces of the sieve 
ried downstream to quieter water. There they burrow apparatus) are in place and the horny teeth appear,
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beginning in October. In a recently transformed (24 On 4 May, five males (139-159 mm, 4.60-—6.32 g) 
September) female (194 mm, 13.18 g) from the Platte were picked off the bottom of the stream where all 

River (Grant County) the ovary held well-formed had spawned and died. They were covered with a 
eggs averaging 0.4 mm diam. The ratio of branchial heavy mucus. In Wisconsin the adult stage lasts 8 or 
diam into length of sucking disc increases from 9 months, during which time the adults do not feed. 
0.35-0.50 at the time of transformation in August to 
0.74-1.00 at spawning and death the following IMPORTANCE AND MANAGEMENT 

spring. The American brook lamprey is a useful and inoffen- 
Maturity is completed in early April. On 11 April sive species. During its short existence after meta- 

in Mt. Vernon Creek (Dane County), two males, 152 morphosing, it is food for sport fishes; moreover, ac- 
and 166 mm (6 and 6.5 in), weighed 6.95 and 10.33 g cording to Vladykov (1949:53), “Ammocoetes, due to 
(0.2 and 0.4 oz); and six gravid females, 140-170 mm their method of feeding by straining different mate- 
(5.5-6.7 in) in length, averaged 7.84 (5.47-10.70) g in rials from the oozy bottom and using them for body 
weight. Eggs in the largest female were 1.0-1.2 mm building, make a valuable link in the food chain of a 
diam. Spawning had not yet occurred in this popu- brook.” 
lation. This species is sensitive to pollution, including tur- 

In the Little Plover River (central Wisconsin) two bidity. The use of 3-trifluoromethyl-4-nitrophenol 
newly transformed (19 September) females (149 and (TFM) as a sea lamprey larvicide has undoubtedly af- 
165 mm, 5.91 and 6.20 g) held well-formed eggs fected populations of the American brook lamprey in 
0.3-0.5 mm diam. From the same stream a male with Lake Michigan tributaries. Fortunately, the American 
an elongated genital papilla was taken on 2 April, brook lamprey spawns upstream higher than the sea 
and two gravid females (148 and 172 mm, 7.31 and lamprey, and, according to P. Manion (pers. comm.), 
12.42 g) were taken on 15 April. A 140-mm (5.73-g) it always seems to be abundant throughout the river 
female taken on 1 May contained 2,050 eggs 1 mm within a year after treatment. 
diam. These eggs were loose in the abdominal cavity.



Sturgeon Family— 
Acipenseridae 

Two species of sturgeons in two genera are known from Wisconsin. In 

the United States and Canada, seven species in two genera are known 
(Robins et al. 1980). Of these, four (two on each coast) are marine spe- 
cies which spawn in fresh water. 

Sturgeons are elongated fishes with an extended, hard snout and a 

ventral protrusible mouth preceded by four barbels. Prominent, bony 
scutes are arranged in five rows—one dorsal, two lateral, and two latero- 
ventral. The tail is heterocercal (sharklike), with vertebrae extending into 
a much-elongated dorsal lobe. 

In the same order is an extinct fossil family Chondrosteidae, known 
from the Lower Jurassic to the Lower Cretaceous. Acipenser is known 
from the Upper Cretaceous to Recent. 

Sturgeons are among the important commercial fishes of the world. 
The meat is delicious and the eggs, converted into caviar, are in great 

demand. Unfortunately the worldwide stocks of sturgeons are dwin- 
dling because of dams, pollution, and exploitation. Many species are 
slow-growing and are easily exploited. 

Priegel and Wirth (1971) reported that an occasional pallid sturgeon 
(Scaphirhynchus albus) occurs in the Wisconsin-lowa boundary water of 
the Mississippi River. It has a lighter color, no scalelike plates on the 
belly, and the length of inner barbels into head length is more than 6. 
This species ranges in the Missouri and lower Mississippi rivers (P. W. 
Smith et al. 1971). An old report for Keokuk, Iowa (Coker 1930), is not 

accepted. I do not view this species as occurring in Wisconsin but ac- 
knowledge the possibility that it may, and it should be watched for. 
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Lake Sturgeon County), Pear Lake (Washburn County), and others 
(Priegel and Wirth 1971). 

The lake sturgeon is listed as a rare species in the 
Acipenser fulvescens Rafinesque. Acipenser—sturgeon; United States (Committee on Rare and Endangered 

fulvescens—dull yellow color. Wildlife Species 1966). Over most of its range in the 

Other common names: freshwater sturgeon, Great United States it appears to be threatened (Miller 
Lakes sturgeon, rock sturgeon (usually the 1972). It is depleted (possibly extirpated) in Alabama 
long-snouted, obviously plated young), stone and Georgia; endangered or depleted in Missouri 
sturgeon, red sturgeon, ruddy sturgeon, com- and West Virginia; rare and endangered in Iowa and 
mon sturgeon, shell back sturgeon, bony stur- Michigan; endangered in Nebraska, Ohio, Pennsyl- 
geon, smoothback, rock fish, rubber nose, black vania, South Dakota, and Vermont; and rare in Min- 

sturgeon, dogface sturgeon. nesota and New York. 
In Wisconsin it is common in the Menominee River 

(Wisconsin-Michigan boundary), the lower Wolf River, 

Lakes Poygan and Winnebago, Lake Wisconsin (Wis- 

P consin River), St. Croix River to Gordon Dam, Na- 

——_ : St oe al "y mekagon River below Trego Dam, and the Chippewa 
and Flambeau rivers. It is uncommon to rare in the 
lower Wisconsin River, Mississippi River, the Madi- 

Immature 228 mm, Chippewa R. (Rusk Co.), 25 Sept. 1976 son lakes, and Lakes Michigan and Superior. It is 

probably extirpated in the Wisconsin River in Wood, 
DESCRIPTION Portage, and Marathon counties and in the Baraboo 
Body heavy, torpedo-shaped, angular (5-sided) in River (Columbia and Sauk counties). The Wisconsin 
young but round in adults. TL of adults 115 cm or Department of Natural Resources has given this spe- 
more. Snout short, conical. Spiracle present. Caudal cies watch status (Les 1979). 
peduncle short, stout, partly naked. Lower lip with The lake sturgeon is a typical inhabitant of large 
2 lobes. Barbels on lower snout, smooth, 4. Upper rivers and lakes. It lives in shoal water in the Great 

lobe of tail fin pointed without threadlike (filamen- Lakes. Inland it shows a preference for the deepest 
tous) extension. midriver areas and pools (Kuehn et al. 1961). 

Young gray or brown dorsally with dusky dorsal 
and lateral blotches. Adults gray to olivaceous dor- 

sally, white ventrally. BIOLOGY 
Spawning takes place during late April and early 

DISTRIBUTION, STATUS, AND HABITAT May in central Wisconsin. In northwestern Wiscon- 
The lake sturgeon occurs in the Mississippi, Lake sin in the St. Croix River, spawning migrations occur 
Michigan, and Lake Superior drainage basins. In the in May and early June (Eddy and Underhill 1974). 
Mississippi River drainage it occurs in the Missis- The following account is taken from Priegel and 
sippi, St. Croix, Chippewa (and major tributaries), Wirth (1971), unless otherwise indicated. In the Wolf 
and Wisconsin rivers. In the Wisconsin River recent River, during seasons when water flow is high and 
records place it upstream in the Castle Rock Flowage water temperatures rise slowly, spawning begins when 
(Adams County). In Lake Superior it is found in the the water temperatures reach 11.7°C (53°F). Dur- 
comparatively shallow waters of Keweenaw Bay, in ing seasons of low water flow and more rapid tem- 
the vicinity of the Apostle Islands, and it is known to perature rise, spawning does not begin until water 
spawn in the Bad River (Ashland County). It is occa- temperatures reach 14.5-15.0°C (58-59°F). Males 
sionally taken in St. Louis Bay (Eddy and Underhill are observed at the spawning sites before females. 
1974). In the Lake Michigan basin it occurs in Green Often a dozen or more huge fish may be seen 
Bay, Lake Michigan, the Menominee River upstream cruising the shallow shorelines or lying at the water's 
to the White Rapids Dam, the Fox River upstream to edge with their tails, backs, or snouts out of the 
Lake Puckaway, and the Wolf River upstream to Sha- water. Males cruise the spawning sites in groups 
wano. This system includes Lakes Winnebago, Butte often of eight or more fish, and are frequently so 
des Morts, and Winneconne, and the Embarrass close to the bank that they can be readily captured. 
River (a tributary to the Wolf River). It has been intro- Spawning begins as soon as a ripe female enters 
duced to lakes where natural reproduction did not the group. Several males attend one female by swim- 
occur: Big Cedar Lake (Washington County), Madi- ming alongside her in the same direction, usually 
son lakes (Dane County), Chain of Lakes (Waupaca against the current. When actual spawning takes
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place, one or more males vibrate simultaneously On rare occasions, spawning occurs in Lake Win- 
alongside a female. While milt is being released, the nebago along rocky west shore points. Spawning 
vibrating tail of the male may protrude from the sites in the Wolf River are usually found on the out- 
water. “It produces a sound which could be com- side bends of the river banks, especially where the 
pared to a ruffed grouse drumming or an old tractor current is upwelling or slowly boiling and where 
starting up” (Priegel and Wirth 1971:7). The average rocks, boulders, and broken slabs of concrete have 
spawning act lasts about 5 seconds; the spawning been riprapped at a steep angle into the water. 
group drifts either downstream or out into deeper Spawning occurs at the Shawano Dam, Shiocton, 
water, only to return, usually to the same site, to and Northport. Some lake sturgeon move up into the 
spawn again. The spawning activity for one female Embarrass River. In the Berlin-Princeton area of the 
usually lasts from 5 to 8 or more hours but may ex- Fox River, spawning occurs during those years when 
tend over a period of a day or more, until she is the water is high enough for the sturgeon to get over 
spent. the Eureka Dam. 

Males release milt at the time the eggs are ex- Hatching time for the eggs is a function of water 
truded, fertilizing the eggs. Spawning may occur in temperature. Priegel (1964a) followed egg develop- 
water only 0.3 m (1 ft) up to 4.6 m (15 ft) in depth. ment and recorded the initiation of hatching 8 days 
The eggs are black in color, very glutinous, about 3 after the eggs were laid at water temperatures be- 
mm diam. There is a considerable variation in the tween 12.8 and 13.9°C (55-57°F), and in 5 days at or 
number of eggs produced by females of the same near 17°C (low 60s°F). 
weight—anywhere from 50,000 to 700,000 eggs may Harkness and Dymond (1961) illustrated the devel- 
be released. opmental stages and noted that the young are 8 mm
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long on hatching and nearly 21 mm at 16 days after A female lake sturgeon reaches sexual maturity 
hatching. when she is 24-26 years old and about 140 cm (55 in) 

Since the lake sturgeon lacks scales, other methods long. Thereafter, instead of spawning every spring, 
have been sought for aging. Otoliths (inner ear females spawn once every 4-6 years. Few males ma- 
bones) show growth rings through an elaborate ture before they are 114 cm (45 in) long. Most males 

method of preparation, but this method has its draw- spawn every other year, but some do so every year. 
backs (Schneberger and Woodbury 1944). A more re- In Wisconsin, male and female sturgeon grow at 
liable aging method involves the use of thin cross the same rate, but females live longer than males. 
sections of the first pectoral fin ray (Probst 1954), and Ninety-seven percent of the fish over 30 years of age 
this is the method currently most often employed. are females (Priegel 1964b). 

The largest lake sturgeon taken in recent years was 
an 81.65-kg (180-Ib) fish (est. 82 years old) speared 

from Lake Winnebago in 1953 by E. Schroeder of Ap- 
pa ak pleton. Oshkosh oldtimers, however, tell of an 85.05- 

of ee “Soc kg (187.5-Ib) fish caught 6 August 1913 on a set line 
he Gia ae 2 a i by A. Haferman and Michael Goyke (Milwaukee Jour- 

UM fe aa} WS nal, March 1953). In the Fond du Lac Journal of 14 April 

} Yi, (fe = Sy: 1881, I. Pollack is reported to have captured a stur- 
/ Wn te (6S = “S, geon that weighed 134.72 kg (297 Ib) and was 274.5 

Be ( aa “aa cm (9 ft) long. A lake sturgeon 229 cm, 140.62 kg (90 
i daa a We A i \ ‘ in, 310 lb), was caught from Batchawana Bay of Lake 

} a dows me pli (Ces y Bote ee Superior in 1921 or 1922, at an estimated age of 100 
4 oe ONS tS pg yo Gp t; years. In 1943 a fish of the same weight and 2.41 m 

i Ss gp? angi *. @ 1) (95 in) TL was reported from southern Lake Michi- 

hi age fT a ‘ gan, north of Benton Harbor, Michigan (Mich. Dep. 
yay) / ih. Ks = } aa Nat. Resour. 1975). 

ik i} ge asa (l 5 fe} The lake sturgeon requires extensive areas of water 
ii) re oN —WSe r f 4 less than 914 cm (30 ft) deep where abundant food is 

bis i . xy ‘ S JZ of his produced. 

4 N . XS eS ae f Aquarium observations indicate that when the lake stur- 
< x .*\ SS , p fy geon searches for food, it swims close to the bottom with 

AS SS See the ends of its sensitive barbels or feelers dragging lightly 
Sa Ss < over the bottom. As soon as the feelers touch food, there is 

G SS io an instantaneous reaction: the tubular mouth is rapidly 
ae B protruded and the food sucked in along with silt, gravel, 

and other bottom materials. The food items are rapidly 
Cross section of a 2.01-m, 70.76-kg sturgeon 82 years old (Wis- strained as the soft bottom materials are puffed through the 
consin DNR photo) gills and the food items are retained. ... Insect larvae 

. a . found in the forward portion of their stomachs (i.e., the 
____fossnLenathsiand Weighiset Lake Sturgeon In Wisconsin) __. crop) are usually entire and still alive. Stomachs of larger 

L. Winnebago L. Poygan Menominee R. fish have been found to contain a water-displaced volume 
_{iriegelt973) {Priegel 1964b)_ _lPnagel 1973) of 66 ounces of midge lake larvae, estimated to number 

Age TL WT TL WT TL wT 60,000 individuals. Lake sturgeon in the Lake Winnebago 

Group fem) tka) fem) tka) fem) eg) area feed throughout the winter at water temperatures 
1 27.9 15.2 0.045 down to 34 F (Priegel and Wirth 1971:5). 
3 58.4 30.5 0.136 
6 83.8 53.3 0.680 At 19 mm, the young start feeding on minute crus- 

Noe oa oo bis er ato taceans and continue on that diet until they are 
14 124.5 13.15, 111.8 7.26 99.1 5.31 178-203 mm long (Eddy and Underhill 1974). An ex- 

7 132.1 18.42 119.4 9.53 116.8 (11.11 amination of stomachs from 11 sturgeon in Lake 
= tee ae ie ioe ee ie Winnebago showed Chironomus plumosus exclusively 

TN ese in 10; the 11th contained, in addition to the Chirono- 
Note: Growth varies considerably, as evidenced by the differences in se ge a 

L. Winnebago sturgeon, where, e.g., one 33-year-old fish weighed 49.90 mus, leeches, numerous Pisidium, and small snails 
kg (110 Ib) and a 43-year-old fish weighed 19.50 kg (43 Ib). (Schneberger and Woodbury 1944). Chippewa River
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sturgeon feed largely on small snails. Lake sturgeon ers, carp, catfish, and even other sturgeon. As pre- 
kept in confinement for long periods of time thrive viously noted, the adult sturgeon is an important 
on such grains as wheat and barley (Eddy and Surber host fish to the parasitic lampreys. 
1947). Until 1870 lake sturgeon were considered a nuis- 

Lake sturgeon travel in loose aggregations, leaving ance by commercial fishermen, who destroyed them 
them only at time of spawning. Lake Winnebago fish in great numbers by piling them on shore to rot (Mil- 
must pass through all of the upriver lakes to reach ner 1874a). Today the sturgeon is a prized fish. 
spawning grounds (as far as 200 km upstream) on the Lake sturgeon have been caught with angleworms, 
Wolf River, but yet “remember” to return to Lake nightcrawlers, minnows, and snails. Occasionally 

Winnebago. Lake Poygan fish “remember” to drop they may be taken on small fish and cut pieces of 
off in Lake Poygan on their return trip from the fresh fish, but these are probably not as effective as 
spawning grounds, rather than continue on down- natural food items. Hook and line angling for stur- 
stream to Lake Winnebago (Wirth and Schultz 1957). geon is permitted in boundary and inland waters 
The lake sturgeon from Lake Winnebago and the during a variable and limited open season, allowing 
upriver lakes will spawn together, but each returns one or two fish per season. 
to its home area. In Wisconsin, where spearing of lake sturgeon is 

Occasionally lake sturgeon will move downstream still allowed, to spear a sturgeon falls in the same cat- 
over a dam or a series of dams outside of the home egory of sport as bagging a deer or a bear. To the 
basin. In the Menominee River, sturgeon have mi- people in the four counties surrounding Lake Win- 
grated downstream over the hydroelectric power nebago (accounting for 66-72% of the license sales 
dams (Priegel 1973). Three lake sturgeon tagged in annually), sturgeon-spearing is a festive occasion. 
Lake Winnebago were later captured by commercial Shacks are dragged out onto the ice and elaborate 
fishermen who were fishing in the Little Bay de Noc preparations are made. The spear fishermen often 
and Escanaba areas of Lake Michigan (Priegel and scatter a variety of perishable materials in the water, 
Wirth 1971). such as shelled corn, peeled potatoes, egg shells, or 

Local people along the Wolf River report sightings noodles. Through holes in the ice, they suspend de- 
of large schools of small lake sturgeon over sand bars coys of various shapes, colors, and substances: ears 
during the summer and early fall. During August of corn, wooden airplanes, beer cans, and even skill- 

1969, large schools of 126-152-mm lake sturgeon fully carved and painted replicas of fish. The decoys 
were observed over gravel areas just below rapids in are thought to attract the curious lake sturgeon; they 
the Menominee River (Priegel and Wirth 1971). On 7 also help the spearers adjust their eyes to various 
August 1971 in the Bad River 16.1 km upstream from depths. And if the length of the decoy is known, it 
Odanah, a 120-mm (4.7-in) fish was caught in shal- can help the spearer decide if a sturgeon swimming 
low water over a sand bar by G. Ludwig (pers. beneath the hole is of minimum legal size. The spears 
comm. to Priegel). Such sightings are unusual. After have three to eight barbed tines, and are attached to 
their first year, young sturgeon are found in the same wooden or metal handles 1.8-2.7 m (6-9 ft) long. 
habitat as adults. The end of the handle is usually weighted with lead 

Lake sturgeon have the habit of leaping entirely so that it can be propelled rapidly towards the target. 
out of the water until they appear to be standing on The handle detaches when a fish is speared, making 
their tails. Sometimes just the head and upper third it possible to play the fish on a long line. 
of the body slides up out of the water at a forward The largest catch on record was an estimated 2,828 
angle and falls back, creating a sliding splash. This lake sturgeon speared in Lake Winnebago and its 
leaping action may serve to get rid of parasitic lam- upriver lakes in 1953; they weighed approximately 
preys attached to the sturgeon. Twenty-seven lam- seme a 
preys were removed from one 157-cm (62-in) stur- LB ee oe) : — . 
geon in Lake Winnebago. The lampreys probably do Egil oa y = 
little damage, but they must be a nuisance. xy am ee eae ee 

IMPORTANCE AND MANAGEMENT A Pe ES 
Fish are not known to prey on small lake sturgeon, a rr ee 

but reliable sources have reported otter bringing Ce eee 
small sturgeon onto the ice in the Lake Poygan area. a : ee 
The eggs of the lake sturgeon are preyed on by suck- Lake sturgeon (Wisconsin DNR photo)
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45,400 kg (100,000 Ib) (Probst and Cooper 1955). size limits, and bag limits, there is no way to assure 
From 1955 through 1970, an average yearly harvest of that overexploitation will not occur. For instance, there 

15,000 kg (33,000 Ib) of lake sturgeon has been taken was a registered kill of 1,251 lake sturgeon in 1972, 
from Lake Winnebago. Once abundant in Lake Mich- 936 in 1976, and 2,238 in 1982—harvests exceeding 
igan, the lake sturgeon is seldom taken there today. by a considerable margin the safe segment of 540. 
In 1880 the catch was 1,741,600 kg (3,839,600 Ib); in Even though such numbers are not cropped every 
1966, only 907 kg (2,000 Ib). In 1966 another 907 kg year, large harvests may place the population in 
(2,000 Ib) were caught from the combined United jeopardy. In addition to the registered kill are fish of 

States and Canadian waters of Lake Superior. sublegal size killed by spearing, fish carried off the 

In Wisconsin it is illegal to sell the flesh or roe of a ice improperly tagged and undeclared, and fish taken 
Wisconsin-caught fish. Ontario, however, permits illegally by hook and line and by setlines during the 

some commercial sturgeon-fishing. Its meat is deli- closed season. All of these are unreported but may 
cious fresh or smoked and the eggs make a fine cav- constitute an illegal kill as high as the legal kill. 
iar. About one-fifth of the weight of a ripe female will The Menominee River (Wisconsin-Michigan 
be roe. Mature black eggs can be worked from the boundary water) contains one of the last fishable lake 
ovarian membrane through a sieve and then placed sturgeon populations in Wisconsin and Michigan 
into a brine or similar preservative. Drained, washed, (Priegel 1973). Population estimates, in the best 42- 

and packed in jars or kegs, this product is the famous km (26-mi) section (between the White Rapids and 
caviar (Schlumpf 1941); until recently it sold for $36 Grand Rapids dams), were 234 (1969) and 185 (1970) 

per kilo. In the mid-1970s flesh of the fish on New legal-size fish (106.7 cm [42 in] and larger). The cal- 
York markets brought $7 per kilo. culated fishing pressure was 14,300 hours in 1969 

In past years, various other products from lake and 11,400 hours in 1970. The estimated exploitation 
sturgeon were marketed. The most widely known rate was 13% (58 fish) in 1969 and 17% (48 fish) in 
was isinglass, a form of gelatin obtained from the in- 1970, which is considered too high. To maintain a 
ner lining of the swim bladder of certain fish, chiefly harvestable population, an exploitation rate of 5% 
lake sturgeon. Isinglass was used principally for clar- would be desirable. 
ifying wines, beers, and other liquids; it also had cu- The 127-cm (50-in) size limit instituted on the Me- 

linary and confectionery uses, in making jellies, stiff- nominee River in 1975 would allow some male stur- 
ening jams, etc. Other lake sturgeon products included geon there to reach sexual maturity, since 20-year-old 
oil which was rendered from the fat, glue made from males reach that size, and 20 years is the age at which 
the gristly skeleton, and fine grades of ornamental males purportedly first attain maturity. Throughout 
leather made from the tanned skins (Priegel and the geographic range of the lake sturgeon, however, 
Wirth 1971). most females attain sexual maturity at age 25 (Hark- 

In Lake Winnebago there was no fishery for lake ness and Dymond 1961). Thus the 127-cm (50-in) size 
sturgeon from 1915 to January 1932, when a spearing limit would offer little protection for females on the 
season was established. Since then there has been an Menominee River (Priegel 1973). 

annual spearing season through the ice. In Lake Poygan the take of immature lake sturgeon 
In order to curb overexploitation, the season bag has increased proportionately as a result of depletion 

limits have been changed from five fish (1932-1953), of the sturgeon stock. The population data give an 
to three (1954-1955), to two (1956-1957), and then to estimated percentage of immature females ranging 
one (1958-present). In 1955, the size limit was in- from 70% in 1955 to 83.1% in 1957. The estimated 
creased from 76.2 cm (30 in), which it had been since population for Lakes Poygan and Winneconne is 
1932, to 101.6 cm (40 in). In 1974 the minimum legal about 3,400 legal-size sturgeon. During the 1976 sea- 
size was increased to 114.3 cm (45 in). Despite these son, 85 sturgeon were registered; the largest fish 
restrictions, the exploitation rate on Lake Winnebago taken was 168 cm (66 in) long and weighed 45.5 kg 
in the years from 1955 through 1969 was a legal kill (100 Ib). Average length was 129.5 cm (51 in) (Priegel 
of 599 sturgeon per year, according to Priegel and and Wirth 1971). The population in Lakes Poygan 
Wirth (1975). These researchers concluded that 540 and Winneconne is considered overexploited, and 
fish is the maximum segment of the population of seasons have been drastically curtailed in recent 
legal-size sturgeon (estimated at 11,500) that can years. 
safely be taken annually if the population present in Closing the sturgeon fishery for a period of years 
1969 is to be maintained. was formerly considered a good management prac- 

With no more restrictions than length of season, tice which would permit the population to return to
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something like its original abundance (Priegel and Rock Flowage a remnant population of lake sturgeon 
Wirth 1975). This beneficial effect has not occurred on may still persist. There is no evidence, however, that 
the smaller upriver lakes (e.g., Poygan, Winne- it is sustaining itself, and after the last few fish are 
conne), which have had short, 2-day seasons every caught that segment of the population will be extir- 
third year, although there might not yet have been pated. 
enough time to determine whether those waters are Not only are our best sturgeon-producing waters 
recovering. In a review of the literature, Priegel and dammed, many are also lined with paper mills which 
Wirth cited a number of instances in which overex- alter the water quality by introducing highly organic 
ploited sturgeon populations failed to recover after a effluents. Under certain conditions such wastes are 
closed period of many years. It is vital, they stated, capable of reducing the oxygen content in down- 
that the lake sturgeon population and harvest in stream waters, leading to serious fishkills. More than 
Lake Winnebago be sampled on a regular basis to 50 large lake sturgeon from Lake Wisconsin (Colum- 
watch for any signs of overexploitation and to initiate bia County) in the lower Wisconsin River were win- 
studies to determine causes of overharvest should terkilled during the spring of 1967. The problem was 
evidence warrant it: “Once the population is over-ex- traced to pollution from paper mills. 
ploited, it is almost a safe assumption that the popu- Commercial sturgeon-poaching is also a serious 
lation will never recover to former abundance, as has and real problem, since the size and the value of 
already been shown throughout the natural geo- these large fish apparently make the risk worthwhile. 
graphical range of the lake sturgeon” (p. 19). To perpetuate the remaining lake sturgeon stocks, 

In addition to the dangers of overexploitation there certain management procedures should be consid- 
are other threats to the lake sturgeon population. Hy- ered: (1) establish a quota system, applicable to all 
droelectric dams act as barriers to the traditional state waters, so that only a designated number of 
spawning grounds of the lake sturgeon. Because the lake sturgeon may be harvested in any year by any 
sturgeon is a long-lived animal, populations isolated method; (2) allow taking lake sturgeon only by hook 
by dams may persist for many years, but eventually and line, since it is a reasonable assumption that a 
may die out from angling, spearing, or from natural number of sublegal fish are destroyed by spearing; 
or pollution-associated mortality. The disappearance (3) establish lake sturgeon refuges where the species 
of the lake sturgeon from the Wisconsin River up- is given full protection (year-round) and where, if 
stream from Petenwell Dam (Adams County) may necessary, all fishing is prohibited. 
have occurred for those very reasons. In the Castle
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Shovelnose Sturgeon County) shovelnose sturgeon have been taken over 
sand and gravel; in the Red Cedar River (Dunn 
County) over bedrock (10%), rubble-gravel (40%), 

Scaphirhynchus platorynchus (Rafinesque). Scaphirhyn- and sand (50%) (Christenson 1975). They tend to 
chus—spade snout; platorynchus—broad snout. congregate wherever there are large quantities of 

Other common names: hackleback, switchtail, sand small clams and snails (Trautman 1957). Rarely is the 

sturgeon, flathead sturgeon. shovelnose sturgeon found in quiet water, although 

it has been reported in Lake Pepin (Wagner 1908). 
Coker (1930) noted that the capture of a specimen in 

a slough excited the interest of fishermen because the 
ee | 4 species is virtually never taken except in the river; it 

See | is a fish of the current. 

BIOLOGY 
588 mm, Wisconsin R., Boscobel (Grant Co.), 19 June 1962 Spawning in Wisconsin occurs during May and June. 

In the Red Cedar—Chippewa rivers during 1972, 
DESCRIPTION shovelnose sturgeon spawned the last week in May 
Body much elongated, torpedo-shaped, angular (5- through the first week in June at water temperatures 
sided). Adult FL about 635 mm (25 in). Snout long, of 19.5-21.1°C (67-70°F) (Christenson 1975). Accord- 
spade-shaped. Spiracle absent. Caudal peduncle ing to Eddy and Underhill (1974), in the St. Croix 
slender, completely encased in bony plates. Lower River (Wisconsin-Minnesota boundary) large num- 
lip with 4 lobes. Barbels strongly fringed. Upper lobe bers migrate up from Lake St. Croix and gather un- 
of tail fin elongated into a threadlike extension (often der the dam at St. Croix Falls, where they probably 
broken off). Chromosomes 2n = 112 (Ohno et al. are forced to spawn on the rocks in the swift water 

1969). below the dam. 
Adults tawny to gray or olivaceous dorsally, lighter It is generally accepted that shovelnose sturgeon 

ventrally. migrate upstream for spawning, and migrations into 

smaller streams have been reported (Forbes and 
DISTRIBUTION, STATUS, AND HABITAT Richardson 1920). Coker (1930) stated that runs of 
The shovelnose sturgeon occurs only in the Missis- shovelnose sturgeon in the Mississippi River are vari- 
sippi drainage basin, appearing in the Mississippi able: best when the river is low in spring and poor 
River, the Wisconsin River upstream to the Prairie du when it is high. Cross (1967) suggested that perhaps 
Sac Dam, the St. Croix River upstream to St. Croix the species seeks an optimal volume of flow, depart- 
Falls Dam, the Chippewa River up to the Eau Claire ing from the largest rivers to enter tributaries for 
Dam, and the Red Cedar River upstream to the Me- spawning in years when streams are high. During 
nomonie Dam. Its presence in the Black River up- the run the shovelnose sturgeon swim near the sur- 
stream to Black River Falls Dam is suspected but not face, enabling fishermen to capture them by means 
documented (Christenson 1975). of seines weighted to fish the top rather than the bot- 

The shovelnose sturgeon is depleted in Alabama, tom (Jordan and Evermann 1923). 
Mississippi, and South Dakota; endangered in Ken- Helms (1974b) provided detailed anatomical data 
tucky; rare and endangered in Oklahoma and Wyo- from Mississippi sturgeon. Gonads of immature 
ming; rare to depleted in West Virginia; and rare in males appeared as dark yellow longitudinal bands, 
Minnesota (Miller 1972). In Wisconsin it is uncom- 1-3 mm wide on the dorsal surface of the gonadal 
mon to common in the main channels of the Missis- fat. They constituted 5% of the whole organ. Fully 
sippi and lower Wisconsin rivers and in the lower developed gonads exceeded 10 mm and were equal 
Chippewa and Red Cedar rivers. Numbers in the to or greater in volume than the attached fat. Mature 
Mississippi River have decreased sharply since the testes were gray and appeared as a homogeneous 
turn of the century. mass. 

This species inhabits deep channels of large rivers In sturgeons from the Chippewa River, Christen- 
over sand or gravel in the presence of some current. son (1975) observed that the adhesive eggs appear to 
On the Mississippi River it occurs in the tailwaters fall into three major groups: (1) yellow and/or white, 
below wing dams and other structures which accel- (2) white and black, and (3) black (the mature eggs in 
erate the water flow. In the Chippewa River (Dunn the enlarged ovaries). Since at least three stages of
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egg development occurred essentially without rela- River during late June by trawling (Helms 1974b). All 
tion to the size of the female, it is apparent that fe- successful trawl tows were rather far from shore; 
males do not spawn every year; but the spawning they were usually located in main channel or main 
chronology is not readily evident (Helms 1974b, channel border habitat. The most successful hauls 
Christenson 1975). were those associated with submerged rock wing 

According to Helms (1974b), ovaries averaged dams. Coker (1930) noted that young taken on 11 July 
18.1% of the body weight in 24 gravid females from from the Mississippi River at Fairport measured 71 
the Mississippi River ranging from 615 mm (24.2 in) mm SL. 
to 853 mm (33.6 in) FL. Total counts of eggs averaged Shovelnose sturgeon are aged by length-frequency 
27,592 (13,908-51,217). In the Red Cedar—Chippewa distribution and by determining the annuli appear- 
river system (Christenson 1975), estimated egg pro- ing in a cross section of the pectoral fin ray taken 
duction ranged from 10,680 (in females 627 mm FL) close to the point of insertion (Zweiacker 1967, 
to 50,971 (in females 805 mm FL), averaging 24,404. Helms 1974a, b). These methods did not prove fea- 
Mature egg diameter averaged 2.27 (2.05-2.43) mm. sible in the Red Cedar-Chippewa study, and Chris- 

A female taken 1 May 1972 from the Red Cedar tenson (1975) calculated growth on empirical mea- 
River weighed 2.21 kg (4.88 Ib), and was 805 mm FL surements of recaptured specimens. 
(31.7 in). The ripening ovary constituted 18% of the Helms (1974a) placed 110 shovelnose sturgeon 
body weight. A male of 2.58 kg (5.69 Ib) body weight from Pool 13 (Mississippi River), collected from the 
had testes which made up 6% of the body weight. end of October to the beginning of November, in a 

Little is known about early development of the length-frequency distribution and aged them by ex- 
shovelnose sturgeon. Young-of-year as small as 43 amination of the pectoral rays. Young-of-year (age 0) 
mm (1.7 in) FL were taken in the upper Mississippi averaged 226 mm (8.9 in) FL; age I—348 mm (13.7 in);
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age II—480 mm (18.9 in); and age III—559 mm (22.0 In the upper Mississippi River, stomachs contained 
in). In shovelnose sturgeon from Pool 9 (Helms a preponderance of caddisflies, mayflies, and chiron- 
1974b), calculated FL as follows: I—213 mm (8.4 in), omids (Helms 1974b). Fish from a 3 May sampling 
II—318 mm (12.5 in), I1I—409 mm (16.1 in), IV—478 were gorged with eggs. During May and early June 
mm (18.8 in), V—526 mm (20.7 in), VI—572 mm (22.5 there was moderately low food consumption. In- 
in), VII—605 mm (23.8 in), VIII—635 mm (25.0 in), creased volume of stomach contents was accom- 

IX—658 mm (25.9 in), X—678 mm (26.7 in), XI—688 panied by an increase in condition on 6 September. 

mm (27.1 in), XII—696 mm (27.4 in). Beginning 22 September, food intake was markedly 

Helms (1974a) attributed the reduced rate of growth reduced. Food consumption appeared to be unre- 
after the fourth year mostly to sexual maturity. lated to temperature. 

A Red Cedar River sample of 88 shovelnose stur- In the Missouri River, aquatic insect larvae (Tendi- 
geon, taken by electrofishing, ranged from 559 to 747 pedidae and Baetidae, primarily) were found in more 
mm FL (0.68-1.47 kg); a Chippewa sample, 509-810 than 97% of the stomachs, constituting 93% of the 
mm (0.43-2.27 kg). Growth of tagged fish, most of number and 88.1% of the volume of all organisms 
which were sexually mature and at large for periods found (Held 1969). Crustaceans (Daphnia sp.) ranked 
of up to 58 months, was virtually nil. Even allowing second by number, volume (3.9%), and frequency of 
‘for the possibility that growth was retarded because occurrence. Seven families of terrestrial insects con- 
of tagging, growth within the size range sampled stituted 3.1% of the total volume of all organisms. 
must be characterized as extremely slow (Christen- Other items found in stomachs are dragonfly 
son 1975). nymphs, snails, fingernail clams, algae, bits of higher 

On the Mississippi River female shovelnose stur- aquatic plants, and organic detritus. Helms (1974b) 
geon mature at age VII, while most males spawn at and Modde and Schmulbach (1977) concluded that 
age V. Only one age-V female was found with devel- the shovelnose sturgeon is an opportunistic feeder 
oping eggs (Helms 1974b). Monson and Greenbank whose food intake is controlled by availability. 
(1947), in investigating the sexual maturity of 374 Cholesterol concentrations in the shovelnose from 
males and 503 females from fish markets at Lansing the Chippewa River were considerably lower than 
and Muscatine, Iowa, determined that, of fish under those reported for other fishes, including the paddle- 
635 mm (25 in) FL, 25% of the males and 7% of the fish (Hunn and Christenson 1977). 
females were mature; over 635 mm (25 in) FL, 62% In the Mississippi River the movement of 122 shov- 
and 58%, respectively. elnose sturgeon recaptured by experimental netting 

Helms (1974b) reported a large female, 853 mm showed mean upstream and downstream distances 

(33.6 in) FL and 2.81 kg (6.2 Ib), from the upper Mis- of 2.6 km (1.6 mi) and 0.8 km (0.5 mi) respectively. 
sissippi River. An 805-mm (31.7-in) FL, 3.18-kg (7.0- Movement of 155 sturgeon recovered by commercial 
Ib) fish, sex undetermined, was collected in the Chip- fishermen showed 66% moving upstream, 25% 
pewa River in July 1975 (L. Christenson, pers. downstream, and 9% taken at the tagging site; mean 
comm. ). upstream and downstream distances were 15.3 and 

Christenson (1975) estimated that the shovelnose 1.9 km (9.5 and 1.2 mi), respectively, but the results 
sturgeon population in the Chippewa River study may be biased by the high proportion of major com- 
area in 1973 approximated 2,300-2,700 (94-110 mercial fishing units which were located a substantial 
per km). distance upstream from the primary marking and re- 

In aquariums, Cross (1967) observed that the stur- leasing site (Helms 1974b). Interpool movement was 
geon finds food by raking the bottom with the sensi- always in an upstream direction. The greatest dis- 
tive barbels that project downward from the snout. tance traveled, 194 km (120 mi), was covered by four 
The highly protrusible lips are adapted for sucking. fish which moved from Pool 13 to Pool 9 and which 

At sampling stations in the Mississippi River near were recaptured 265-724 days after tagging. The 
Keokuk, Iowa, this species was found to depend sturgeon tended to congregate in the tailwaters of 
largely upon caddisfly larvae throughout the year pools. During high-water years, the dam-control 
(Hoopes 1960). In the 74 shovelnose sturgeon exam- gates are out of operation much of the time and are 
ined, the total stomach content consisted of 68% Po- not barriers to upstream movement. 
tamyia flava larvae, 7% Cheumatopsyche campyla larvae, In the Red Cedar River (Dunn County) over a pe- 
17% Hexagenia naiads, and 8% other material, which riod of 7-58 months, 57% (of 44 fish) moved up- 

included immature plecopterans, dipterans, and stream an average distance of 4.8 km (3 mi), while 
odonates. 39% moved downstream an average of 7.6 km (4.7
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mi). Maximum upstream and downstream distances kilo (2.2 Ib), while the dressed price ranged from 

were 19.3 km (12 mi) and 16.9 km (10.5 mi), respec- $0.99 to $1.87 per kilo. Smoked shovelnose sturgeon 

tively. Two fish exhibited no movement (Christenson costs from $2.09 to $4.95 per kilo (Helms 1974b). In 

1975). Wisconsin during 1975 the price paid to commercial 
fishermen was $0.64 per kilo and the catch of 2,980 
kg had a value of $1,905.59 (Fernholz and Crawley 

IMPORTANCE AND MANAGEMENT 1976). Finished caviar from shovelnose sturgeon re- 
The shovelnose sturgeon is the host to the glochidia tails at about $33 per kilo (Helms 1974b). According 
of the mollusks Quadrula pustulosa, Obovaria olivaria, to Eddy and Surber (1947), the roe has been made 
and Lampsilis teres (Hart and Fuller 1974). It is the into excellent caviar and is often mixed with the roe 

only known host for the hickory-nut clam (Obovaria of the paddlefish and even of suckers. The meat is 
olivaria), which inhabits water 1.2-1.8 m deep over delicious deep-fat fried, broiled, or smoked. 

sand or gravel in good current (Parmalee 1967). This Harvest figures from the upper Mississippi River 
coincides with the habitat of the shovelnose stur- showed a steady decline until the last few decades 
geon. (Helms 1974b): 

Once this species was considered almost worth- 
less, and, when taken in nets, was regarded by fish- Year Kg 
ermen as a nuisance. It was the common practice to yea. =~C~*=<“‘«~*‘*«S GS 
break the necks of the sturgeon or to throw them up 1899 174,000 
high on the bank to die (Coker 1930). Today this spe- lag 54,000 
oe i : ; 1931 26,000 

cies is considered a delicacy, and demand for it ex- 1947-1960 5,009,000 

ceeds production. 1950-1959 4,000-54,000 
Occasionally the shovelnose sturgeon is taken on 1960-1969 8,000-17,000 

hook and line in deep waters around snags, with Jenga = _+ _teponeeeae 

worms and other live baits. During 1960 sport fish- 
ermen on the Wisconsin River between Prairie du Sac Since the construction of navigation dams, shov- 
and Lone Rock creeled 11 shovelnose sturgeon in elnose sturgeon harvest has exceeded 45,000 kg 
3,243 fish caught; between Lone Rock and the mouth (100,000 Ib) only twice (in 1956 and 1958). Of the 11 
of the Wisconsin River, 60 sturgeon in 1,528 fish. pools bordering Iowa, Pools 9, 12, and 17 are gener- 
These sturgeon averaged 580 (406-1,041) mm. ally the most productive. 

The largest numbers of shovelnose sturgeon are According to Helms (1974b), populations of shov- 
caught in trammel nets, drifted with the current elnose sturgeon are undoubtedly much lower now 
(Cross 1967, Starrett and Barnickol 1955). The stur- than they were when the Mississippi River was a 
geon are highly vulnerable to drift nets, regardless of natural, unimpounded water course. The decline 
mesh size, because the hooked scutes of the small was undoubtedly a direct result of habitat destruc- 
sturgeon become entangled in the threads. In Wis- tion. Manipulation of the river to enhance navigation 
consin, they are taken in trammel nets, seines, set- (including construction of 4-, 6-, and 9-ft channels) 

lines, buffalo nets, and bait nets. Setlines may be and establishment of impoundments have con- 
baited with cutbait, small fish, or worms. stricted shovelnose sturgeon habitat to small areas 

Market values are among the highest for any com- immediately downstream from navigation dams. At 
mercial fish species in the upper Mississippi River the present time in the upper Mississippi, shovel- 
basin. Processing by smoking adds considerable cost nose sturgeon populations have probably attained an 
to the consumer product because it requires addi- equilibrium with the environment and seem capable 
tional labor and is also apt to result in large loss in of supporting a moderate commercial harvest. From 
tissue weight. Loss in body weight by smoking for the age structure, Helms estimated total annual mor- 
shovelnose sturgeon 568 g (1.25 Ib) averaged 49.8%, tality at about 60%; mortality from fishing ranged 
while the weight loss for larger fish averaged 42.6% from 5 to 25% and did not affect total mortality. 
(Helms 1974b). Because of their small size, most A commercial fishing regulation adopted by both 
shovelnose sturgeon are smoked, although a number Wisconsin and Iowa establishes a nonfishing zone 
are “hog dressed” (entrails removed but skin left in- extending 274 m below navigation dams. The regu- 
tact). lation undoubtedly affords the shovelnose sturgeon 

In the mid 1970s, the average price paid to lowa protection, since this is an area in which they congre- 
commercial fishermen ranged from $0.44 to $1.06 per gate.



Paddlefish Family— 
Polyodontidae 

In 1792 Walbaum described the American paddlefish as a new shark 
species, and in 1820 Rafinesque wrote an extensive description of it as an 
“entirely new shark genus.” Sharks, however, are cartilaginous fishes 

(Chondrichthyes), while the paddlefish belongs to that group of fishes 
known as the bony fishes (Osteichthyes). The paddlefish, Polyodon spa- 
thula, is a smooth-skinned, bizarre-looking creature, with a long paddle- 

like snout and a tail with an elongated dorsal lobe. 
Only one other species is known from this family: the Chinese stur- 

geon, Psephurus gladius, which inhabits the Yangtze-Kiang River in the 

Chinese lowlands and feeds on other fishes, whereas the American pad- 

dlefish feeds on plankton. 
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Paddlefish Dam, the Chippewa River upstream to Eau Claire, 
the Red Cedar River upstream to Lake Menomin 
Dam, and in the Wisconsin River upstream to the 

Polyodon spathula (Walbaum). Polyodon—many toothed; Prairie du Sac Dam. A remnant population may exist 

spathula—spatula. in the Wisconsin River between Prairie du Sac and 
Other common names: spoonbill cat, duckbill cat, the Wisconsin Dells Dam and in the lower portion of 

spadefish. the Baraboo River. A 132-cm (4-ft, 4-in) paddlefish 
with a 330-mm (13-in) bill was caught against the rack 
of the Island Woolen Mills Dam in West Baraboo on 
6 June 1950 (Baraboo News-Republic, 7 June 1950). 

pia ee This species has been recorded a very few times 
Seen from the Great Lakes basin, and it is thought by some 

a to have reached these waters via canals, but it is more 
likely that the species was encountered on the way 
to natural extirpation (Hubbs and Lagler 1964). All 
the Great Lakes reports date from before the turn of 

- f the century. Greene (1935) told of a paddlefish report 
be oe from Lake Michigan, northeast of Port Washington, 

j a ee which seemed possible but highly improbable to 
% a him. If true, he suggested, the fish might have en- 

tered the lake through the Chicago canal. 

865 mm, Wisconsin R. (Sauk Co.), 25 May 1977. Lateral view A report of the general range of this species has 
above, dorsal view below. been prepared by Carlson and Bonislawsky (unpub- 

lished manuscript); they found that the present dis- 
DESCRIPTION tribution is somewhat reduced, with the northern 

Opercular flap very long, pointed posteriorly and subpopulations now extirpated. The paddlefish is 
nearly reaching to pelvic fins, head plus opercular rare, endangered, and depleted in West Virginia; en- 
flap more than one-half total length. Adult length 102 dangered in Pennsylvania; and rare in Minnesota 
cm. Scaleless except for a few rhomboid scales on (Miller 1972). In Wisconsin it was given threatened 
tail. Long paddlelike snout, approximately one-third status (Wis. Dep. Nat. Resour. Endangered Species 
length of fish. Small teeth, fanglike, irregularly posi- Com. 1975), but more recently the paddlefish was 
tioned and deciduous in single rows along upper and placed on watch status (Les 1979). 
lower jaws and on the floor of the mouth on the basal Some researchers believe that the status of the 
portions of the gill arches. In a 63-cm (25-in) fish paddlefish in the upper Mississippi River (Pool 9 area) 
these teeth are less than 1 mm long. Gill rakers fila- has not changed in recent years and that presently it 
mentous: in an 80-cm (30.5-in) fish the longest rakers is holding its own. But although it was once abun- 
on the first arch 32 mm long, 0.3 mm diam, and 423 dant in Lake Pepin (when as many as 680 kg [1,500 
total in a series (180 on the upper limb, and 243 on Ib] were taken in a single seine haul), today its num- 
the lower); rakers arranged in 2 series per arch and bers are greatly reduced. Spawning areas have been 
separated by a thin cartilaginous plate which extends destroyed by the construction of dams and flood- 
out from the gill arch almost to the tips of the longest prevention systems. Pollution in the Mississippi River 
rakers. Chromosomes 2n = 120 (Dingerkus and has also undoubtedly had an adverse effect. 
Howell 1976). The paddlefish inhabits large rivers and their lake 

Gray to blue-black dorsally and laterally, whitish widespreads in waters of considerable depth (Coker 
ventrally. 1930). From summer until early spring it occurs in 

Sexual dimorphism. The urogenital papilla some- lakes or impoundments where it moves in large 
what raised in males, more flattened and softer in schools over muddy bottoms (Wagner 1908). Num- 

females (Meyer and Stevenson 1962). bers of paddlefish have been reported throughout 
the year from below the dam at Prairie du Sac on the 

DISTRIBUTION, STATUS, AND HABITAT Wisconsin River. The paddlefish is often associated 
The paddlefish is at present found in the Mississippi with sturgeons, catfishes, carpsuckers, buffaloes, and 
River, the St. Croix River upstream to St. Croix Falls the common carp.
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BIOLOGY found in the area where the current would have car- 
Spawning occurs in early spring. No actual Wiscon- ried them from the spawning fish. 
sin spawning has been recorded, but nearly ripe fe- Upon fertilization, the eggs become adhesive and 
males have been taken from Lake Pepin (Pepin cling to the first objects they touch. The eggs hatch in 
County) in late May. 7 days or less at 18.3-21.1°C (65-70°F). Purkett (1961) 

Spawning details are described from the Osage discussed embryological and larval development. 
River, Missouri, by Purkett (1961). Two conditions The larvae engage in a vertical (up-and-down) swim- 
are necessary to initiate spawning: water must be ming motion while the current sweeps them into 
warm enough, nearly 10°C (50°F), and water levels deep and quieter water (Purkett 1961, Needham 
must rise. During spawning the paddlefish move in 1965). Both eggs and larvae were found on the ex- 
large schools near the surface. Spawning activity oc- posed drying gravel bars where spawning had taken 
curred over a large gravel bar in late afternoon and place. 
evening on 20 April, 7 days after a 2.7-m (9-ft) rise in Spawning males in Missouri had an average length 
water level at 16.1°C (61°F) water temperature. Sev- of 140 cm (55 in) and an average weight of 12.9 kg 
eral fish rose to the surface a number of times, with (28.5 Ib). Females averaged 152 cm (60 in) in length 
their caudal fins strongly agitating. This spawning and 18.8 kg (41.4 Ib) in weight. 
rush probably signified the moment of egg release. The ovaries weighed 2.7-3.6 kg (6-8 Ib) in most 
Four days later, following a rapid fall in water level ripe females from the Osage River (Purkett 1961), but 

of about 2.1 m (7 ft), Purkett verified that spawning Needham (1965) took 9.3 kg (20.5 Ib) of eggs from a 
had occurred. Eggs and newly hatched larvae were 33.1-kg (73-Ib) female. A 18.1-kg (40-Ib) fish from the
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Osage River produced 371,480 eggs; and a 30.8-kg 
(68-Ib) fish, 608,650 eggs. Ripe eggs are greenish 

black, nearly spherical, and 2 mm diam (Larimore b 
1950). ! r 

Early life history of the paddlefish is known largely 
from artificially propagated fish. Purkett (1963) bin " 
stripped and fertilized eggs on 29 April. Hatching be- ~~ r 
gan on 10 May, 12 days after fertilization, and large ; her ae V 
numbers hatched through 14 May, with hatching ei i, WA j if 
dropping off to completion by 22 May. A number of ~ P , A f 
the young were placed in a fertilized 0.2-ha (0.5 acre) : SF Ul ae 
pond. By 28 June these fish reached estimated x  -_ 
lengths of 125-203 mm (5-8 in); by 8 August, Bs ae 
213406 mm (8.4-16 in), weighing 37-256 g (1.3-9.0 , i | 
oz). On 3 April, the two fish which survived a win- . 
terkill in the pond were 526 mm (20.7 in) and 551 mm a 
(21.7 in) long, weighing 398 and 483 g (14 and 17 oz) r Bs. 
respectively. At the age of 17 months they were 902 rh: 
mm (35.5 in) and 864 mm (34 in) in length, and c © 

weighed 2.7 kg (6 Ib) and 2.5 kg (5.5 Ib). ~<a 
Males attain sexual maturity when about 102 cm ~ 

(40 in) long at about 7 years of age (Adams 1942). —— — 
Mature females reach sexual maturity at 107 cm (42 ae 
in) at age 9 or 10. Mature adults probably do not oo , he 
spawn every year; however, the frequency of spawn- = ! a, 
ing is not known (Meyer and Stevenson 1962). “ oe 

The otolith method of age determination is accu- ta ie a 
rate only for fish under 10 years of age (Meyer 1960); % ¥ ™ 
over 10 years the annuli become crowded and diffi- - 

cult to read. The dentary bone gives best results a 
(Meyer 1960, Adams 1942). In Illinois, the total = 

length attained through 6 successive years of life was ] - 
297 mm (11.7 in), 714 mm (28.1), 902 mm (35.5), 991 FE iv 
mm (39.0), 111 cm (43.7), 114 cm (44.9) (Adams 1942). aed : 
In the Fort Gibson Reservoir, Oklahoma, the esti- = " 

mated growth of a known-age population was 732 — ad 
mm (28.8 in) at the end of the first year of life and 106 =. - 
cm (41.7 in) at the end of the second year (Houser w/ ~ 
1965). In Missouri, 26 fish averaging 148 cm (58.2 in) 1.65-m, 26.3-kg paddlefish, Wisconsin R., Arena (lowa Co.) 

and 16.6 kg (36.6 lb) were 17 years old. Occasionally (specimen donated by H.Mathiak) 
an individual will exceed 45.4 kg (100 Ib); a 73.9-kg 
(163-Ib) fish was taken from Lake Manitau, Indiana of water. Thousands of small food organisms are fil- 
(Jordan and Evermann 1923). Ordinarily a large pad- tered out by this system. The mouth is held wide 
dlefish weighs from 13.6 to 22.7 kg (30-50 Ib). In 1974 open, and the snout weaves back and forth, giving 

a 165-cm (65-in) fish (UWSP 4714), weighing 26.3 kg the impression of a spiral-like movement. Since the 

(58 Ib), was found dead in the Wisconsin River near paddlefish has weak jaws and only small teeth, it 
Arena (Iowa County). Parts of the fish were missing, cannot catch other fish or crush mollusks. 
and the estimated live weight was 29.5 kg (65 Ib). A study of 1,500 stomachs from Lake Pepin pad- 

The paddlefish—as one biologist put it—is a living dlefish disclosed the contents to be all plankton ma- 
plankton net. Its large mouth, extremely fine strain- terial, consisting of small crustaceans, algae, and 
ing apparatus, and enlarged gill chamber and gill ephemerid larvae (Wagner 1908). The latter were 
slits permit the rapid passage of enormous quantities probably captured on their way to the surface of the
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water. In Illinois (Forbes and Richardson 1920) the the Prairie du Sac Dam (J. Diehl, pers. comm.). Dur- 
paddlefish consumed mostly entomostracans, lesser ing May 1977 in the Chippewa River between Eau 
quantities of larval mayflies, dragonflies, chirono- Claire and Durand almost all paddlefish had lamprey 
mids, and small amounts of adult aquatic insects, scars on sides and belly, and one had 12-15 silver 
amphipod crustaceans, and leeches. Considerable lampreys and chestnut lampreys attached (D. Becker, 
quantities of algae and fragments of various aquatic pers. comm.). 
plants were also found. The paddlefish seldom takes a baited hook and 

At sampling stations in the Mississippi River near plays no role in sport fishery except in those states 
Keokuk, Iowa, mayflies of the genus Hexagenia formed where a limited snagging season is permitted. 
an important source of food for paddlefish during the In the early 1900s, commercial fishermen in Wis- 
winter, spring, and early summer months (Hoopes consin and Illinois used special rigging capable of 
1960). Naiads of Hexagenia constituted 46% of the to- hauling in 454-680 kg (1,000-1,500 Ib) of paddlefish 
tal food content of the 64 paddlefish examined. Cla- at a netting (Wagner 1908, Larimore 1950). Larimore 

docerans, copepods, and algae were also significant reported seines 3.2 km (2 mi) long and 9 m (30 ft) 
food items, primarily in the late summer and fall deep, which were reeled in on a barge and herded 
months. the paddlefish in from open waters. Today, catches of 

Although this species is primarily a plankton paddlefish are mostly incidental while other species 
feeder, the food organisms found within the stom- are being sought. The fish thus taken are shorter, on 
achs of the fish indicate that they occasionally feed at the average, than mature fish of this species, indicat- 
the bottom as well (Coker 1930). Contrary to popular ing that the majority of them have never spawned. 
opinion, the paddlefish does not use its bill to stir up Such information has led to recommendations for 
or “dig up” the bottom. The bill is evidently a sen- raising the size limits on paddlefish, but that protec- 
sory organ which enables the fish to discern levels of tive measure may be of limited value, because the 
plankton concentration. It also functions as a stabi- fish often die after being netted. Increasing length 
lizer, enabling the fish to swim at a horizontal level limits will not save sublegal fish that become trapped 
with least effort. Since the mouth is ventral in posi- in commercial fishing gear. 
tion, there would be a tendency for that large open The meat has high commercial value, for it is al- 
cavity to draw the anterior end of the fish down- most boneless and closely resembles that of the lake 
ward, which may be counteracted by the bill. sturgeon in flavor and texture. It is a rare treat when 

The paddlefish has the curious habit of leaping out smoked and in 1975 brought $2.20 per kilo at the Lan- 
of the water and landing, usually on its side, with sing, Iowa, fish market. The demand is greater than 
great force. This phenomenon was reported in Lake the supply. In addition, the eggs make an excellent 
Pepin (Wagner 1908) and also in numerous current caviar. Even in 1915 they were bringing $4.40 per 
reports for the Wisconsin River below the Prairie du kilo, while the flesh was worth only $0.22 per kilo 
Sac Dam. Such action may serve the purpose of dis- (Larimore 1950). Occasionally the roe are mixed with 
lodging the parasitic lampreys attached to the body. that of the sturgeon and suckers. 

Although the paddlefish normally inhabits deep The artificial propagation of this species has had 
water, during the summer it is found near the sur- limited success. Development and growth in an ex- 
face. Commercial fishermen report that it is fre- perimental 0.2-ha (.5-acre) pond was mentioned 
quently gilled in seines near the cork (floating) line. above (Purkett 1963). Fertilizer was added to main- 
Paddlefish show a peculiar trait when surrounded by tain a plankton bloom, and 454 g (1 Ib) of trout starter 
seines: upon striking the net, they become quiet and was scattered on the surface each day. It was not 
float to the surface of the water (Larimore 1950). Fish- known whether this was consumed directly when 
ermen, taking advantage of this strange behavior, pe- the fish were small, but 229-mm (9-in) and larger fish 
riodically collect the subdued fish in small rowboats. were observed feeding on it regularly. 

The growth rates of paddlefish receiving supple- 
mental feeding in fertilized ponds are rapid (Swingle 

IMPORTANCE AND MANAGEMENT 1965). Seventeen paddlefish collected from the Talla- 
The paddlefish is heavily parasitized and used as a poosa River, Alabama, were stocked in two ponds 
food source by lampreys of the genus Ichthyomyzon. which had varying fish populations and which were 
Paddlefish with several lampreys attached to the gills fertilized and supplied with fish food. When the 
have been reported from the Wisconsin River below ponds were drained, 114 and 144 days later, the 17
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fish measured had increased in weight from 103 to (1965) succeeded in getting ovaries and testes to 

363%. Seven paddlefish from the pond drained after ripen under the injections of pituitaries from donor 
114 days increased from a total weight of 15.4 kg (34 paddlefish. Needham found only limited response in 
Ib) to 37.1 kg (81.7 Ib). In the other pond, 10 paddle- the males to injection with donor carp pituitaries. 

fish which had totaled 21.5 kg (47.3 lb) weighed 56.2 Recent attempts to secure live specimens for a zoo 
kg (123.8 Ib). display through electrofishing have failed. More than 

Commercial propagation of paddlefish is feasible 40 paddlefish were collected from the Wisconsin 
provided a dependable supply of eggs is available. River below Prairie du Sac by personnel from the 
Relying on fishermen to secure sexually mature fish Wisconsin Department of Natural Resources. The 
is impractical, and even seining will not produce fish fish were readily immobilized by the electrical cur- 
that are ready to spawn. The use of chorionic go- rent but none of them survived the jolt. Such sensi- 
nadotropin to bring gonads to maturity was unsuc- tivity to electrical shock is unusual; most fish species 
cessful (Meyer and Stevenson 1962), but Needham recover within minutes.
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Gar Family— 
Lepisosteidae 

Two species of gars occur in Wisconsin. Five species, all in the genus 
Lepisosteus, are known in the United States and Canada (Robins et al. 

1980). This family is almost exclusively North American, ranging south- 
ward to Costa Rica, Cuba, and Central America. Fossils are known from 

the Middle Eocene of North America. 
The gars are long, cylindrical fish with a characteristic long, slender 

snout and jaws well armed with needlelike teeth. The gar’s body is com- 
pletely covered with rhomboidal scales which join to one another and 
provide an armorlike protection. It has a double skull in which inner 
parts of cartilage are overlaid by dermal bone. Kidney tubules open di- 
rectly into the coelomic cavity in adults, a condition persisting only in 
the adult of primitive species. 

A unique characteristic of these primitive fishes is the ability to breathe 
atmospheric air. The swim bladder is connected to the esophagus and 
operates as a primitive lung. The inner lining of the swim bladder is 
cellular and somewhat roughened, providing for additional gas-absorp- 
tion area. Even in well-oxygenated aquariums they will surface briefly 
every few minutes. This is the act of “breaking,” so familiar to many 
fishermen. 

In breaking, the gar turns partly over on one side, emits a bubble of 
air, swallows, and then sinks below the surface. Supposedly this habit is 
discontinued in cold weather, and from October to April gars do not 
come to the surface to breathe (Forbes and Richardson 1920). 

Eddy and Underhill (1974:132) noted: 

Their ability to breathe air enables them to live in polluted water unfit for any 
other fishes except the bowfins. We have seen cases of total oxygen depletion 

239
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where all the other species were killed, but the gars and the bowfins still swam 
about unconcernedly. We have known gars to drown when entangled in a net 
and unable to reach the surface for fresh air. Their air-breathing ability may be 
one of the characteristics which enabled these primitive fishes to survive. 

All gars serve as hosts to the parasitic young (glochidia) of the most 
valuable of all freshwater mussels. The yellow sandshell (Lampsilis ano- 
dontoides) yields a shell with form, texture, and luster that compares most 
nearly, of all freshwater shells, to the marine “mother-of-pearl” (Coker 
1930). At one time it was used not only for the manufacture of buttons 
of superior grade but also for the preparation of pearl handles for knives 
and for other novelties. Only gars function as hosts for this clam, and 

no other fish will answer. Without gars the mussel would disappear un- 
less it could be maintained by artificial means. The shortnose gar is a 
known host to the glochidia of Amblema plicata and Lampsilis teres (Hart 
and Fuller 1974). 

Gar skins have been used to a small extent for covering picture frames, 
purses, and fancy boxes, the plates being very hard and taking a fine 
polish (Forbes and Richardson 1920). 

To anglers fishing with live bait, gars are sometimes a nuisance, since 
they steal the bait from hooks but are not themselves easily caught. They 
may, however, be taken by using a piano wire or copper wire snare on 
which a minnow is threaded; the snare is drawn tightly about the snout 
of the gar when it strikes the bait. Perhaps the most ingenious method 
for catching them is with a hookless lure which can be made at home. 
The only materials needed are a 75—-100-mm (3-—4-in) piece of nylon rope, 
10 mm diam, and a short length of flexible wire. Stove pipe wire will do. 
The wire is attached to one end of the rope and fashioned into an eye to 
which a swivel leader can be attached. The other end of the rope is un- 
raveled into its individual fibers until a fluffy “tail” results. The gar, 
which strikes a moving bait, will clamp down on the lure and its teeth 
will become snagged in the fibers (Sroka 1975). 

Gars are of little commercial value. Some time ago, a crew operating in 

the Mississippi River near La Crosse made a haul of 1,134 kg (2,500 Ib), 
which was sold to a rendering plant at $0.02 per kg (Wis. Conserv. Bull. 
1948 13[2]:5). Both the longnose and the shortnose gar are taken from 

Wisconsin waters of the Mississippi River with setlines, gill nets, seines, 
buffalo nets, bait nets, and trammel nets. No distinction is made be- 
tween the species in the commercial catch. For the 10-year-period 1956— 
1965, the average catch reported per year was 4,328 kg (9,542 Ib); for the 

1966-1975 period, 3,499 kg (7,713 Ib). The record high for any year since 
1953 was 13,218 kg (29,141 Ib) in 1959, and the total value of the 1975 

catch of 3,697 kg (8,151 Ib) was $163.02 (Fernholz and Crawley 1976).
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Shortnose Gar DISTRIBUTION, STATUS, AND HABITAT 
The shortnose gar occurs in the Mississippi River and 
its major tributaries (the St. Croix, Chippewa, Black 

Lepisosteus platostomus Rafinesque. Lepisosteus—scales and Wisconsin rivers) upstream generally to the first 
of bone; platostomus—broad mouth. dam, and in the Rock River drainage (Greene 1935, 

Other common names: broadnosed gar, stubnose Cahn 1927, McNaught 1963). I have not been able to 

gar, shortbill gar, duckbill gar, billy gar. verify Greene’s report of this species from Pewaukee 
Lake (Waukesha County) in the Illinois-Fox drainage 

and have deleted it from the map. 

The shortnose gar was recently reported for the 
— first time in the Great Lakes drainage basin (Priegel 

ee z 1963a, Becker 1964b); and it appears to be well estab- 

— : lished in the lower Wolf River, the lakes of the upper 
Fox River, the lower Fox River, and lower Green Bay. 

; The presumed crossover point is the Fox-Wisconsin 
Adult 535 mm, L. Winnebago (Fond du Lac Co.), 28 Aug. 1961 éanal at Portage (Columbia County). 

This species is uncommon to common in the lower 
’ ¥ 1 Wisconsin and Mississippi rivers, the lower portions 
é : i an of their tributaries, in the lower Wolf River system, 

' iio” Fi my and in Green Bay. In some large rivers it may be more 
™ iz, oA i abundant than the longnose gar (Nord 1967). In the 

y 4 PA ; ] Rock River system it is rare, possibly extirpated. The 
r f 7 SS : A shortnose gar prefers open, slow-moving, silty riv- 

a § ‘th ers. In large lakes it occurs over wave-washed shoals. 
s ns 4 ‘i ok é Cross (1967) noted that it usually avoids the quiet 

fo . ‘ at backwaters, oxbows, and impoundments that often 

L : 4 = utd are inhabited by longnose gar. 

be ~ i BIOLOGY 
' - TP es The shortnose gar spawns in shallow, grassy sloughs 
5 from May to June. Spawning information was com- 
Dorsal view of heads of adult shortnose and longnose gars piled by Carlander (1969). Shortnose gar spawned 
(photo by V. Hacker) from May to June in 0.3—-0.9 m (1-3 ft) of water in 

Illinois. In South Dakota during 1956, spawning oc- 
DESCRIPTION curred from 20 May to 15 June at water temperatures 

Body long, cylindrical, depth into TL 10 (9-12). Adult of 19-23.5°C (66-74°F); during 1957 and 1958 it oc- 
length 460-480 mm. Head length into TL 4.1 (3.8—-4.4). curred in late June and early July. The bright green 
Snout length into head length 1.7 (1.6-1.8); snout eggs, about 2.5 mm diam, are deposited in small 
length into TL 7.1 (6.0-7.9); least snout width into masses held together by a clear gelatinous substance 
snout length 6.3 (5.2-9.3); snout width at level of and attached to grass, smartweed, etc. A 4.1-kg (9-Ib) 
nostrils into snout length 6.8 (5.3-10.5). Teeth nu- female produced 36,460 eggs (Potter 1926). 

merous, villiform, sharp. Gill rakers rudimentary, ir- In Illinois the eggs hatched in 8 or 9 days (Richard- 
regularly arranged, 16-25. Scales ganoid (rhomboid); son 1913). According to Echelle and Riggs (1972), 
lateral line scales 61 (55-63). Tail abbreviate-hetero- spawning and hatching occur earlier in this species 
cercal (vertebrae moving into dorsal portion of fin). than in the longnose gar. The total length at hatching 

Adult brown, olive to slate dorsally; yellow or is 8 mm and in aquariums the average growth rate 
whitish below. Spots, when present, usually con- per day is 1.7 mm. The yolk-sac is absorbed 7 days 
fined to the posterior third of the body. In fresh after hatching (Richardson 1913). Young gar start 
specimens from nonturbid water, large dark spots feeding on entomostracans and mosquito larvae at 16 
occasionally appear on bill and top of head; after death days after hatching. They are solitary in habit, float- 
and with preservation, spots fade. Young less than ing near the surface, sometimes with their backs out 

25 cm long similar to longnose gar of corresponding of the water (Carlander 1969). Carlander has com- 
length (Trautman 1957). piled the following growth data for young-of-year: 15-
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64 mm (0.6-2.5 in) in May (Illinois), 44 mm (1.7 in) mm (28.9 in). A few males matured at 457 mm (18 in) 

in June (Illinois), 69 mm (2.7 in) in July (South Da- and females at 483 mm (19 in) (Carlander 1969). The 
kota), 64-127 mm (2.5-5 in) in August (Iowa), 102- largest shortnose gar reported by Carlander was 826 
152 mm (4-6 in) in October (Iowa), 178-254 mm (7— mm (32.5 in) TL and weighed 1.5 kg (3.4 Ib). Traut- 
10 in) in October (Ohio). man (1957) stated that adults are usually 406-762 mm 

In Lake Okoboji, Iowa, shortnose gar 483-584 mm (16-30 in) long and weigh 0.5-2.3 kg (1-5 Ib). Potter 
(19-23 in) long fed mostly in the morning on cray- (1926) reported a female from Iowa weighing 4.1 kg 
fish, perch (165 mm), sunfish (114 mm), and bluegills (9 Ib). The shortnose gar is heavier for its length than 
(127 mm) (Potter 1923). On clear, warm days they the longnose gar but it attains far less length and 
lined up along the shore in 100-250 mm (4-10 in) of weight and has a shorter life span. 
water, with their tails toward shore, waiting until Adult shortnose gars move in large schools both 
prey were in easy reach. In Illinois (Richardson 1913) before and after the spawning season (Coker 1930). 
adult gars were observed coming to the surface to On 28 August I encountered a school of these gars 
seize emerging gnats and mayflies. In South Dakota, alongside a concrete pier jutting into Lake Winne- 
Shields (1957) noted that shortnose gar fed heavily bago (Fond du Lac County) in open water devoid of 
on carp until the latter were over 125 mm (5 in) long. aquatic vegetation. Five adults were quickly caught 

Growth of the shortnose gar is rapid. In South Da- in a 6-m (20-ft) seine. 
kota’s Lewis and Clark Lake (Walburg 1964) mean to- This species lies on the surface of the water in full 
tal length at age I was 417 mm (16.4 in); II, 486 mm sun, a habit which brings it into contact with water 
(19.1 in); IIL, 536 mm (21.1 in); IV, 587 mm (23.1 in); temperatures approximating high summer air tem- 
V, 605 mm (23.8 in); VI, 671 mm (26.4 in); VIL, 734 peratures. In Indiana, Gammon (1973) determined
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optimum temperatures for gars at 33-35°C (86-95°F), The shortnose gar is an excellent food fish when 
although Proffitt and Benda (1971) have taken them baked or smoked. 
in the White River and Ilpaco Discharge Canal at Durham (1955b) introduced the shortnose gar into 

36.1°C (97°F). Adult shortnose gar are more abun- small experimental ponds to test its effect on the 
dant in shallow waters at night than during the day- populations of green sunfish, bluegill, largemouth 
light hours (Echelle and Riggs 1972). bass, and black crappie. The results were inconclu- 

sive, but the shortnose gar tended to cause a reduc- 
IMPORTANCE AND MANAGEMENT tion in the number of green sunfish and an increase 
The eggs of this species are dangerous to vertebrate in the number of bluegills. The maximum sizes of all 
animals. Of two mice force-fed 0.2 ml of homogen- the species of centrarchids increased. 
ized eggs, one died in less than 18 hr; the other be- The role of this species in maintaining a balanced 
came very sick but eventually recovered (Netsch and fish population in some waters may be significant 
Witt 1962). and warrants further study.
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Longnose Gar and brilliant gar was the prolongation of the noto- 
chord into a fleshy filament, apart from the caudal 
fin, which kept up a rapid vibratory motion.” 

Lepisosteus osseus (Linnaeus). Lepisosteus—scales of 

bone; osseus—bony. DISTRIBUTION, STATUS, AND HABITAT 
Other common names: northern longnose gar, gat, The longnose gar occurs in the Mississippi, Lake 

garpike, common garpike, billfish, billy gar, Michigan, and Lake Superior drainage basins. The 
northern mailed fish. reports from Hacker (1975) do not designate the spe- 

cies of gar, but most reports undoubtedly pertain to 
the longnose gar, although occurrence of the short- 

Po a. ee nose gar is possible where the species are sympatric. 
Fn = The longnose gar is common in the Mississippi and 

% lower Wisconsin rivers. In the Lake Michigan drain- 
age it is common in the Wolf and Fox rivers and their 

z connecting systems. The 89-cm (35-in) gar reported 
Immature 290 mm, Swan L. (Columbia Co.), 27 Sept. 1969 in 1942 from Lake Michigan off Port Washington by 

commercial fishermen (Milwaukee Journal 27 Septem- 
ber 1942) has not been verified as to species, but it 
was probably a longnose gar. 

s [7 In northwestern Wisconsin the longnose gar is 
common in Big Sissabagama, Lac Court Oreilles, 
Grindstone, and Big Sand lakes (Sawyer County). It 

iis is common in the St. Croix River below St. Croix Falls 
— Dam and abundant in the Island Lake Chain (Rusk 

County) and the Long Lake Chain (Chippewa 

Adult 748 mm, Mississippi R., Pool 5a (Buffalo Co.), 28 July 1977. County). This species is uncommon in northeastern 
(See also photograph of heads of gars, p. 45) Wisconsin. 

I have seen a single report from the Lake Superior 
drainage: a 676-cm (26.6-in) male taken by a sport 

DESCRIPTION wa. . fisherman below the electric barrier on the Brule 
pos re cylindrical, depth into TL 15 (12-18). River (Douglas County) (Moore and Braem 1965). 

mt lenge B00 me Head length, into ‘TL 3:3 The longnose gar is endangered (possibly extir- 
(3.03.6). Shout length into head length 1.5 (1.4-1.6); pated) in Delaware and rare in South Dakota (Miller 
snout length into TL 4.7 (4.3-5.4); least snout width 1972). It appears secure in Wisconsin. 

into snout length 16.1 (15.216.1), in young-of-year The longnose gar inhabits large, weedy lakes and 
this measurement 11.6 (9.3-14.4); snout width at reservoirs. In rivers (generally over 12 m wide) it oc- 
level of nostrils into snout length 15.6 (13.4-16.5), in curs most frequently in backwaters or in quiet cur- 

young-of year this measurement 10.6 (6.4—13.9). Teeth rents. In the lower Wisconsin River it was found in 
eer oues villiform, sharp. Gill rakers rudimentary, small numbers in the drop-offs between sand riffles 

irregularly ae nged, 24-28: Scales ganoid (thom- and the shallow pools below. The frequencies of sub- 
boid); lateral line scales 62 (60-66). Tail abbreviate- strates associated with this species were gravel 29%, 
we (vertebrae moving into dorsal portion of sand 25%, mud 17%, clay 13%, silt 8%, rubble 4%, 

. and boulders 4%. It is an open-water fish, spendin 
Adult olive to dark green above; whitish below much time in the topmost Feta ofa pelagic eave 

with large round spots on dorsal, anal, and caudal eo 
fins. Young distinctly marked with a broad brown or 
blackish midlateral stripe from snout to base of cau- 
dal fin, with a striking white stripe immediately be- BIOLOGY 
low, and a chocolate brown stripe on each side of belly. In Wisconsin spawning occurs from May to late June, 
Fish (1932:305) noted: “The young are easily recog- and possibly early July. In southern Wisconsin the 
nized by the greatly prolonged toothed jaws and fish often ascend rivers to spawn over the weed beds 
elongate body, brilliant in seal, reddish brown, and of shallower waters (Cahn 1927). In lakes the long- 
bronze. . . . The most remarkable feature of this small nose gar spawns in shoal water, usually in grass and
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weeds, but it has been observed spawning about lateral, and ventro-lateral areas. Frequent surfacing 
stone piles of railroad bridges (Forbes and Richard- and gulping takes place during this phase. Then the 
son 1920). spawning group positions itself at one place with 

In Lake Mendota one spawning area was on a shal- heads down and snouts very close to or touching the 
low gravel bar where the water was 0.3-0.9 m (1-3 bottom, and males continue to nudge the female. A 
ft) deep and bulrushes were present; the other was rapid, violent quivering of the spawners follows as 
in 2 m (7 ft) of water over a substrate of boulders eggs and sperm are released. The quivering moves 
(Haase 1969). Spawning was associated with two the spawning group forward and away from the 
ranges of temperature peaking at 19.5°C (67.1°F) and spawning area. The eggs are green; those collected 
21°C (69.8°F), and data suggest that spawning occurs from Lake Mendota gars were 2.6-3.6 mm diam 
with rising temperatures of the water—the immedi- (Haase 1969). 

ate stimulus for the formation of the spawning H. Neuenschwander (pers. comm.) observed 
groups. During each year there is usually more than spawning at Picnic Point on Lake Mendota on 3 June 
one 3-day period of spawning, and these periods are 1948. Twenty-three gars swam an elliptical course 
concentrated within two ranges of temperature. about 3 x 8 m (10 x 26 ft) in 1-1.5 m (3-5 ft) of 

Detailed spawning behavior was reported by Haase water over algal-covered boulders. Two to six males 
(1969). As many as 15 males approach a female. If attended one female. The water temperature was 
she is ready to spawn, she leads them in an elliptical 23.3°C (74°F). 
path (apparently related to the shape of the spawn- Breder and Rosen (1966) reported that eggs may 
ing ground) for up to 15 minutes before spawning number more than 36,000 in a female of 101.6 cm (40 
occurs. Over the spawning bed the males nudge the in) SL. Embryological development based largely on 
female with the ends of their snouts in the pectoral, materials from Lac La Belle (Waukesha County) is de-
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scribed and depicted by Eycleshimer (1903). Hatch- food conversion factor. Throughout the experiments 
ing takes 3-9 days, depending on the temperature: 6 the gars were extremely inactive and made few un- 
days at 20°C (68°F). necessary movements; even their method of feeding 

The emerging sac-fry, 9-10 mm long, while capable was one of apparent leisure. These factors contribute 
of swimming, are relatively inactive and, using an to their rapid growth, up to 6 times faster than that 
adhesive structure, hang vertically for long periods of other common large freshwater fishes. 
attached by their snouts to submerged objects such Niemuth et al. (1959b) reported young-of-year 
as vegetation and debris (Echelle and Riggs 1972). In 248-353 mm (9.8-13.9 in) long in early September in 
aquariums they may attach to the surface film of the several Wisconsin lakes. Haase (1969) noted that 
water. Shortly after absorption of the yolk-sac (about young-of-year reach a maximum TL of 460 mm 
9 days after hatching) and now 18-20 mm in length, (18.1 in). 
the fry cease to hang vertically and are capable of Age and growth of the longnose gar in central Mis- 
resting motionless in a horizontal position at any souri were determined from branchiostegal rays 
depth in the water. At about this stage the gar takes (Netsch and Witt 1962). Age-I males were 49.5 cm (19.5 
its first aerial breath, becomes more active, and be- in) long; females, 55.9 cm (22 in) long. Females 
gins to feed. After absorption of the yolk-sac, the fry continue to grow approximately 25 mm (1 in) a year 

disperse. They do not exhibit a pronounced tendency for 13 or 14 years and outlive the males. Males ma- 
to school. ture between 3 and 4 years of age and females at 

Growth rate of the longnose gar during its first about 6 years of age. At the end of the first year of 
year of life is rapid. In aquariums Echelle and Riggs life the females average 64 mm (2.5 in) longer than 
(1972) noted an average growth of 3.2 mm per day. In the males; this disparity in size increases with age to 
Portage Lake, Michigan, the estimated growth was a point where the females are 178 mm (7 in) longer 
2.33 mm per day (Hubbs 1921); in Lake Mendota, than the males at the end of the 11th year of life. 
Wisconsin, 1.5 mm per day (Haase 1969). Compared to Missouri longnose gar, Wisconsin 

In Missouri 20 young-of-year raised experimentally males (Lake Mendota) are 60-90 mm (2.4-3.5 in) 
for 52 days grew at the rate of 2.95 mm and 0.72 g smaller and females are 95-150 mm (3.7-5.9 in) 
per day (Netsch and Witt 1962). Their gross metabolic smaller, with the maximum differences occurring at 
efficiency during this time was 43.1% and their food age I (Haase 1969). Lake Poygan males (age XVII) and 
conversion factor was 2.34. Young-of-year longnose females (age XVIII) are 309 and 380 mm (12.2 and 15 
gars ate an average of 9.1% of their body weight per in) smaller than Missouri gars. 
day, and digestion was completed at the end of 24 Haase (1969) noted that one-half of the maximum 
hours. Gar activity, or more appropriately inactivity, growth in length was attained during the first 2 or 3 
is probably the major factor contributing to the low years of life. The sexes are very similar in size at first, 

Growth of the Longnose Gar in Wisconsin During First Year of Life (Preserved Museum Specimens) 

TL WT 
Date (mm) (g) Scalation Location 

19 June 1962 49 0.2 No scales Wisconsin R. (Richland Co.) 
7 July 1962 114 1.8 Side of caudal peduncle scaled Blue R. (Grant Co.) 

10 July 1962 140+ 46 Lateral line, caudal peduncle, and sides posterior to Glass L., Mississippi R. (Grant Co.) 

pelvic fins scaled 

13 July 1962 62 0.4 No scales Wisconsin R. (Grant Co.) 
13 July 1962 71 0.5 No scales Wisconsin R. (Grant Co.) 

13 July 1962 133 3.6 Caudal peduncle & posterior half of lateral line scaled Wisconsin R. (Grant Co.) 

17 July 1962 119 2.5 Caudal peduncle & posterior half of lateral line scaled Wisconsin R., Boscobel (Grant Co.) 

3-5 Aug. 1960 74 1.0 No scales Pewaukee L. (Waukesha Co.) 

3-5 Aug. 1960 161 5.9 Lateral line scales complete Pewaukee L. (Waukesha Co.) 

3-5 Aug. 1960 168 78 Lateral line scales complete Pewaukee L. (Waukesha Co.) 

3-5 Aug. 1960 170 7.0 Lateral line scales complete Pewaukee L. (Waukesha Co.) 

8 Aug. 1962 141 47 Caudal peduncle and lateral lines scaled Wisconsin R. (lowa Co.) 

10 Aug. 1974 138 48 Entirely scaled except ventrally from anus to isthmus L. Mendota (Dane Co.) 

10 Aug. 1974 147 5.3 Entirely scaled except ventrally from anus to isthmus L. Mendota (Dane Co.) 

10 Aug. 1974 167 9.2 Entirely scaled except ventrally from anus to isthmus L. Mendota (Dane Co.) 

10 Aug. 1974 204 16.1 Entirely scaled except ventrally from anus to isthmus L. Mendota (Dane Co.) 

19 Sept. 1971 366 72.9 Fully scaled White Clay L. (Shawano Co.) 

27 Sept. 1969 291 48.3 Fully scaled Swan L. (Columbia Co.) 
3 Dec. 1973 382 119.0 Fully scaled Shawano L. (Shawano Co.)



Longnose Gar 247 

but in Lake Mendota the females surpass the males during daylight and much of the feeding is surface- 
at age III and in other lakes somewhat later. The old- oriented. It is adept at stalking a fish victim by swim- 
est fish Haase recorded was a 32-year-old female ming, not toward it, but off to one side, moving along 
from Lake Mendota, 123 cm (48.3 in) long. Males in the water like a stick drifting with the surface cur- 
were up to 27 years old and under 99 cm (39 in) TL. rent. Suddenly it flips its long beak to the side and 

By age III all males more than 50 cm (19.7 in) long catches its prey across the body in its jaws. The ac- 
had sperm present (Haase 1969). The first maturity tion is similar to the strike of a rattlesnake, occurring 
of females was noted at age IV, and most females had so quickly that the eye is unable to follow. Then, by 
eggs in some stage of development by age IX. a series of thrusts, the victim is turned so that it can 

A 142-cm (56-in) longnose gar was seined from Pe- be swallowed head first. 

waukee Lake (Waukesha County) (Wis. Conserv. Bull. In the lower Wisconsin River a large longnose gar 
1937 2[11]:39). In 1949 a 122-cm, 5-kg (48-in, 11-lb) struck a seine so hard that it almost jerked the sticks 
gar was seined from Lake Wingra (Dane County) out of the operators’ hands, and it left behind in the 
(Noland 1951). A 135-cm, 11.8-kg (53-in, 26-Ib) fish torn mesh most of its upper jaw, which had broken 
was reported from Lake Beulah (Walworth County) off with the violence of its charge. Had it struck one 
in 1956 (H. Neuenschwander, pers. comm.). A fe- of the seiners instead of the net, its pointed snout 
male from the Oklawaha River, Florida, 142 cm and could easily have penetrated into the flesh several 
14.5 kg (56 in and 32 Ib), had an egg count of 77,156. centimeters. 

The angler record is a 183-cm, 22.7-kg (6-ft_%-in, 50- Young gars are commonly taken in the shallows, 
Ib) fish from the Trinity River, Texas, 30 July 1954 but as they grow larger they tend to go to deeper 
(Walden 1964). water and perhaps become more nocturnal (Haase 

Fishes constitute the greatest bulk of stomach con- 1969). During daylight they spend much time resting 
tents in all size-groups of longnose gars except those motionlessly close to submerged or overhanging ob- 
in the initial feeding stages (17-21 mm long) (Echelle jects near shore (Echelle and Riggs 1972). At night 
and Riggs 1972), which select minute crustaceans, they are commonly found swimming actively in shal- 
such as cladocerans and copepods. Very small fish low, open waters. Certain individuals were found in 
appear early in the diet of the gar, however. identical spots day after day—one frequented the 

Haase (1969) noted a high percentage of fish in the space beneath the same overhanging limb from mid- 
diets of Wisconsin longnose gars reaching the swim- July until September. Saksena (1963) found that in- 
ming stage. Next to the fry of fishes, Scapholeberis mu- creased activity increased the rate of air-breathing. 
cronata (Cladocera) is the most important food item, Haase (1969) captured a number of longnose gars 
but its importance diminishes rapidly as more fish is over spawning beds and transported them to the op- 
eaten. The fish portion of the diet of the young-of- posite side of Lake Mendota. A short time later 70% 
year gar is mainly carp. The noncarp group includes of them were recaptured spawning again in the same 
silverside, bluegill, gar, largemouth bass, darters, places. 
spottail shiner, killifish, black crappie, and others. The longnose gar prefers high water temperatures. 

Gars 21-96 mm long are able to take prey up to one- In the Wabash River, Indiana, the longnose gar was 

third of their own length. Forbes and Richardson attracted to the warmest zone available (Gammon 
(1920) reported 16 larval minnows taken from the 1973), and in the White River and Ipalco Discharge 
stomach of a 51-mm gar. Canal the maximum temperature at which it was cap- 

Adult longnose gars in southern Wisconsin are re- tured was 33.9°C (93°F) (Proffitt and Benda 1971). 
ported to have eaten brook silverside, blackstripe Adult gars have the habit of basking near the sur- 
topminnow, sand shiner, largemouth and small- face on warm days or nights, and they may be seen 
mouth bass, cisco, and white bass (Cahn 1927). floating like sticks of varying sizes. In Florida Hollo- 
Availability may be a major factor affecting the kinds way (1954) noted that gars are gregarious enough so 
of foods gars eat. Haase (1969) noted, however, that that they are usually found in groups of two to five. 
fishes important for sport fishing, like the large- I have seen such loose aggregations a number of 
mouth bass, the yellow bass, the northern pike, and times on the lower Wisconsin River, and Haase (1969) 
the walleye, were found infrequently in the stomachs observed them on Lake Mendota. 
of adult gars. Even though young-of-year large- 

mouth bass were plentiful in Lake Mendota during IMPORTANCE AND MANAGEMENT 
1967, gars fed on them sparingly. Haase (1969) showed that the main prey of the adult 

A longnose gar feeds more actively at night than longnose gars were yellow perch, carp, bluegills, and
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pumpkinseeds. In addition, young-of-year gars fed rough-fish removal crew operating on Pewaukee 
heavily on young-of-year carp. He concluded that the Lake (Waukesha County) took 4,500 kg (10,000 Ib) of 
gar probably doesn’t harm fishing for sport fish and gars in a single haul (Wis. Conserv. Bull. 1937 
may in fact improve it. 2[11]:39). The catch was converted into fertilizer. 

Consideration has been given to gars as a possible Nowhere has the case against the longnose gar 
aid in controlling overpopulation of sunfish and yel- been stated more eloquently than by Forbes and 
low perch. Niemuth et al. (1959b) noted that gars Richardson (1920:32): 
would be less vulnerable to overfishing than the 

Sport fishes and suggested introducing ears into This voracious, active and well-protected fish is a notable 
lakes with stunted populations of panfishes. ‘, winner in the long struggle for existence which its species 

The longnose gar is classified as a nongame fish. has maintained, but it is a wholly worthless and destructive 
Although it is seldom taken on hook and line, in re- nuisance in its relations to mankind. It is the enemy of 
cent years it has had its devotees among, fishermen. practically all the other fishes in our waters, and so far as it 

Devices for catching gars have been discussed earlier. eats anything but fishes, it subtracts from the food supply 
The meat is described as white, boneless, well-fla- of the more valuable kinds. It has, in fact, all the vices and 

vored, and wholesome. It is delicious baked on the none of the virtues of a predaceous fish. On the other 
“half shell” (Sroka 1975). It has been compared to hand, it is preyed upon by nothing that swims, and is so 
roast pig and may be smoked with excellent success. ren adapted forthe ona pire Raia es ofits 
When fried, it reportedly tastes like a combination of abitat:thae it is;proof'against:any;butithe most extraordy- 

7 nary occurrences. 
fish and pork chops. In Arkansas, gar meat recently 
sold on the market at $3.80 per kilo, and the demand Other fishery biologists are not sure that this spe- 
was greater than the supply (V. Hacker, pers. comm.). cies has earned such condemnation. Holloway (1954), 

Although the flesh may be usable, gar eggs are while dealing with the management of gars, stated 
highly poisonous to man as well as to chickens, cats, that it remains to be seen whether the reduction of 

dogs, and mice. Vertebrate animals will normally gars will result in an increase or a decrease in the 
avoid eating them. When 0.2 ml of egg homogenate harvest of desirable species. Lagler et al. (1942) noted 
from the longnose gar was force-fed to two mice they that gar populations are greatest (and perhaps most 
became quite sick, although both recovered within 2 useful) where the largest populations of buffer, for- 
days (Netsch and Witt 1962). On the other hand, gar age, and nonsport predators occur. Similarly Branson 
eggs have been found in the stomach of a bluegill (1966:19) argued: 

and in the intestine of a river carpsucker, and neither 

appeared to have suffered ill effects. . . . ; 
Because of its appearance and its known fish-eat- ws » Sars are especially, important in-waters whereiman’s 

. . PP activities have upset the balance of nature in favor of the 
ing habits, man has destroyed gars wherever pos- so-called “rough” fishes, i.e., carp, buffalofishes, and the 
sible. In 1900, the first fish contract granted by the like. It is here that gar populations often reach their great- 
state was one given to residents of Eau Claire and est numbers and importance. In all of these environments, 
Chippewa Falls to remove “gar fish and other dele- the gar exerts a profound controlling influence on the ten- 
terious fish . . . ” (V. Hacker, pers. comm.). A state dency of both rough and game species to overpopulate.



Bowfin Family— 
Amiidae 

One species of bowfin is known from Wisconsin and North America. 
By the late Palaeozoic period (200 million years ago) the first holostean 

fish, a form similar to the living Amia, had appeared, and from fishes 
such as these the teleosts evolved (Moy-Thomas and Miles 1971). Ances- 
tral bowfins were especially well represented in middle Mesozoic strata, 
over 100 million years ago. Today there is only one living family, Ami- 
idae, which is restricted to North America, and within this only one spe- 
cies, Amia calva, remains. This primitive fish is a phylogenetic relict, the 
lone survivor of a large family now found only as fossils in the rocks of 
Europe and the United States. 

Amia has a rather primitive skeleton, partly bone and partly cartilage. 
It has a double skull: the outer bony, the inner cartilaginous but becom- 
ing bony around the openings through which the cranial nerves pass. 
The bony gular plate under the tip of the lower jaw is a skeletal oddity, 
as are the unicornlike clavicles in the pectoral girdle, peculiar serrated 
appendages believed to be remnants of organs which were larger and 
performed some function in more or less remote ancestors (Liem and 
Woods 1973). 

Both bowfins and gars have kidney tubules opening directly into the 
coelomic cavity. This condition, common in the embryos of many fishes, 
persists in the adults of only primitive species; other adult freshwater 
rayfin fishes have their kidneys closed off from the body cavity. 

On the other hand, Amia exhibits evolutionary advances: a gas bladder 
used as a primitive lung; an egg transport system similar to that of the 
shark and of terrestrial vertebrates; cellular elements in the headbones 

249
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which produce all types of blood cells, thereby anticipating the blood- 
making function of the bone marrow of higher vertebrates; and a highly 
specialized reproductive habit in which parental care plays a conspicu- 
ous role. It is the only primitive ganoid showing such a highly special- 
ized reproductive habit.
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Bowfin DISTRIBUTION, STATUS, AND HABITAT 
The bowfin occurs in the Mississippi, Lake Michi- 
gan, and Lake Superior drainage basins. In the Mis- 

Amia calva Linnaeus. Amia—ancient name of a fish, sissippi River system it is distributed in the Missis- 
probably the bonito, Sarda sarda; calua—bald. sippi and Wisconsin rivers, in their larger tributaries, 

Other common names: dogfish, mudfish, grindle, and in the glacial lakes of the southeastern and 

John A. Grindle, grinnel, lake lawyer, lawyer, northwestern sectors of the state. In the Lake Michi- 
cottonfish, blackfish, speckled cat, beaverfish, gan watershed it occurs in the Fox and Wolf rivers, 

scaled ling, spot-tail. in their interconnecting lakes, and in lower Green Bay 
of Lake Michigan. Except for a single report from Mil- 

" waukee, Greene (1935) did not encounter this species 
Poe ENS >< in the Lake Michigan watershed. He had neither rec- 

nae ee weil snes oe ords nor reports on the Wolf-Fox system. This spe- 

meme. hat PP os cies may have been introduced into the Fox-Wolf sys- 
S . a tem through fish rescue and transfer operations from 

8 the Mississippi River during the 1930s, or it may have 
: . made recent entry via the Fox-Wisconsin Canal at 

Hmmnestire (Wisconsin DNA phata} Portage. In the Lake Superior watershed it has been 
reported only from the St. Louis River (Sather and 
Johannes 1973) and Middle River (Moore and Braem 

es: m eae ce 7 1965). In Wisconsin the bowfin is at the northern 

sng eR Ss aaa limit of its range. 
= In Wisconsin the bowfin is uncommon to common 

in large rivers and lakes. It is rare in Lake Winnebago 

Adult female 632 mm, Crystal R. (Waupaca Co.), fall 1977 (Priegel 1967a). This species is secure in Wisconsin. 
The bowfin inhabits lakes and large sluggish riv- 

ers, generally in clear water with abundant vegeta- 
DESCRIPTION tion. The smallest stream with a bowfin record is the 
Body moderately long, stout, oval in cross section. Des Plaines River (Kenosha County), which, at the 
Adult length 500 mm. Head flattened above, head collection site, is a wide, sluggish stream, just above 
length into TL 3.8—4.9. Anterior nares or nasal tubes several miles of marsh (Greene 1935). 
2, prominent barbel-like structures on snout (9.5 mm 
long in 645-mm fish). Teeth numerous, caninelike; BIOLOGY 
some short, peglike on upper and lower jaws. Gular In southern Wisconsin spawning occurs from late 

plate heavy. Scales “polygono cycloid,” large, 63-70 April to early May (Cahn 1927); upstate it occurs as 
in lateral line. Dorsal fin long, soft-rayed, low, its late as early June (Priegel 1963d). Optimum temper- 
length into TL 2.1-2.4. Caudal fin rounded, abbrevi- ature for nest construction and spawning is 16-19°C 
ate-heterocercal (vertebrae moving into dorsal por- (61—-66°F) (Scott and Crossman 1973). The male builds 
tion of fin). Chromosomes 2n = 46 (Ohno et al. 1969). a nest by biting off the vegetation in an area 46-76 cm 

Back and sides olive-colored, often with dark, net- (1.5-2.5 ft) diam in water from 61 to 152 cm (2-5 ft) 

like mottling; belly cream-colored to white. Paired deep. When he has cleared away the weeds, a bed of 
fins and anal fin bright green. Up to time of maturity soft rootlets, sand, or gravel in a trough 10-20 cm 

both sexes with a round-to-oval black spot at the base (4-8 in) deep remains for the eggs. A female is at- 
of the upper caudal rays. tracted to the nest and spawning takes place, usually 

Sexual dimorphism: Mature male with black spot at night. The female lies on the bottom of the nest, 
on upper caudal rays rimmed with orange-yellow. the male circles about her for 10 or 15 minutes, some- 
Mature female without black spot on peduncle; prob- times nipping her snout or sides. The male then 
ably an inhibitory action of an ovarian hormone (Zahl takes up a position beside the female, both fish vio- 
and Davis 1932); female generally larger than male. lently agitate their fins, and eggs and milt are re- 

The caudal spot is an illustration of a deflective leased over a period of less than 1 minute. 
mark in a fish: a mark which deflects the attack of an Richardson (1913) gave 2,000-5,000 eggs as the 
enemy from a more or less vital part of the body to normal number per nest. Eddy and Underhill (1974) 
some other part (Lagler et al. 1962). reported as many as 64,000 eggs in the ovaries of a
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53-cm (21-in) fish. Bowfin eggs are slightly elliptical, was repeated several times. When a pole was placed 
2.8 x 2.2 mm (Breder and Rosen 1966). in the water, the fish attacked it and bit the end of it. 

After one or more females have spawned in the Cahn (1927:26) ot the aes of we young 
nest, the male guards the eggs for the 8 to 10 days by the male: “While guarding the young, the male 
required for hatching (Purkett 1965). Upon hatching, dogfish will attack anything that threatens the pre- 
the 8-mm-long larvae attach themselves to rootlets by cious mass of youngsters. I have had the parent at- 
an adhesive organ on their snouts or lie on their sides tack nets, rakes, sticks—anything I thrust toward the 
in the bottom of the nest until they are 9 days old and ball of young; a vicious attack, a strike at the intrud- 
about 12 mm wed in) long. bl = spa a no ing eee a dash away to a distance of oe six = 
longer used, and the larvae will swim, begin feeding, a swift turn and another vicious attack. During this 
and follow the male in a close school, often referred performance by the old fish, the school breaks up in 
to as a ball of young. If one becomes separated from every direction, the young going to the bottom and 
the parent, it swims in close circles until its protector scurrying toward deeper water under the protection 
reappears. of the vegetation.” Lagler et al. (1962) noted that the 

While in this vulnerable milling mass, the young adult will create diversionary splashes in a direction 
are generally carefully guarded by the male. Some of away from the mass of young while the little school 
the most unusual records of fish attacks are attrib- moves away. 
uted to male bowfins protecting their young. Kelly Adults have also been known to take flight (Doan 
(1924) reported that a 356-mm (14-in) fish, guarding 1938). A vigorous sweep of a male’s tail not only sent 
30-40 young, rushed him while he was standing on it out of sight but also threw the swarm of young fish 
the bank. The attack carried the fish out of the water to the bottom, where they were effectively screened 
203 mm (8 in) up a slightly sloping grassy bank and from sight in the newly muddied water. After about
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5 min the adult forced its way, unseen, through the In southeastern Wisconsin, Cahn (1927) reported 

bottom debris and became visible only when it raised that the bowfin’s diet varies between fish and cray- 
its head up in the vicinity of the young. They imme- fish. He found many species of minnows, bluegills, 
diately left their hiding places and collected again in pumpkinseed, largemouth and smallmouth bass, 
a free-swimming school about the parent. and perch—“in fact, small specimens of all of the 
When the young fish reach a length of about 102 game or food fishes.” Pearse (1918) noted that 16 

mm (4 in), some 2-2/2 months after the males begin bowfins (383-465 mm long) from Lakes Mendota, 

their nest-constructing activities, the juvenile school, Monona, and Wingra had 90.1% fish remains and 
having become progressively looser, breaks up. The 9.4% crayfish remains in their alimentary tracts. 
fact that the young are rarely seen after the schools Other animals eaten are small rodents, snakes, tur- 
break up suggests they move to deeper water or to tles, frogs, large insects and their larvae, and leeches 
dense vegetation. (Lagler et al. 1962, Harlan and Speaker 1956). The 
Growth is rapid; some young exceed 203 mm (8 in) bowfin is an opportunist rather than a selective 

during their first year of life. The ages and calculated predator. It often feeds at night. 
growth at each annulus in the table below are tenta- The bowfin’s voracious feeding habits are com- 
tive. The scale annuli were difficult to identify, and monly mentioned in the literature. Gluttony, the in- 
sample sizes were not large enough to check the va- clination to eat long after the normal capacity of the 
lidity of our determinations. animal has been reached, has been described for the 
Noland (1951) reported a 737-mm (29-in) fish from bowfin in aquariums (Lagler et al. 1962). Eddy and 

Lake Wingra (Dane County) which weighed 3.9 kg Underhill (1974) noted that one bowfin in their 
(8 Ib 10 oz); a 4.1-kg (9-Ib) fish was caught from the aquarium attacked another about half its size and car- 

Mississippi River at La Crosse in August 1978. Large ried the victim in its mouth for 24 hours before com- 
bowfins may weigh in excess of 6.8—9.1 kg (15-20 Ib) pletely swallowing it. 
(Purkett 1965, Scott and Crossman 1973). A fish 109 The reputation of the bowfin’s gluttony has grown 
cm (43 in) long was reported from New York (Rim- to the point of exaggeration, and although it purport- 
sky-Korsakoff 1930). According to Carlander (1969), edly “has strong sharp teeth and is said to bite a 2-Ib 

bowfins have been kept in captivity for periods of 20 fish in two at a single snap,” this is hardly likely. The 
years, 24 years, and 30 years. bowfin is also capable of prolonged fasting; one was 

Schneberger (1937b) encountered a school of 5,500 inadvertently left in an aquarium without food and 

young which were 45-70 mm (1.75-2.75 in) long ina was discovered a year later, still alive though quite 
small bay off Lake Minocqua Thoroughfare near gaunt (Eddy and Underhill 1974). 
Woodruff. An analysis of 30 stomachs disclosed dam- The air-breathing habit begins early in life, and 
selfly nymphs, Hyallela, chironomid larvae, and when the ball of young fish is undisturbed, individu- 
plankton crustaceans. Phytoplankton, especially fil- als will occasionally leave the school and surface for 
amentous algae, was found in each specimen. Ten a gulp of air. Horn and Riggs (1973) noted that at tem- 
bowfin young were placed in an aquarium and a peratures of 4.4-10°C (40-50°F) air breathing is neg- 
dozen 19-mm (0.75-in) largemouth bass fry were put ligible. At 10°C and below, the bowfin is relatively 
into the tank. The bass were viciously attacked by the inactive and is almost exclusively a water breather. 
small bowfins, and in a few seconds all were con- Above 10°C the rate of air breathing consistently in- 
sumed. Schneberger concluded, however, that bow- creases as the temperature increases. Air-breathing 

fins of this size in their native habitat have not yet activity is greatest between 18.4 and 29.6°C (65 and 
become piscivorous. 85°F) and during the 35.3°C (96°F) period—the critical 

Calculated TL at the Annulus 

No. of TL po 
Date Fish (mm) 0 1 2 3 4 5 6 7 8 Location 

2 July 1934* 45-70 45-70 Minocqua Thoroughfare (Oneida Co.) 

13 July 1962 1 122 122 Wisconsin R. (Grant Co.) 
13 July 1962 3 178-612 180 337 389 416 427 Wisconsin R. (Grant Co.) 
23 Jan. 1968 8 504-704 207 358 «448 «519 573 619678701 Wisconsin R. (Adams Co.) 
28 Oct. 1967 1 251 153-190 Wolf R. (Outagamie Co.) 

20 July 1975 1 320 177-253 Taylor L. (Waupaca Co.) 

18 Sept. 1973 1 380 100 201 302 Beaver Dam R. (Dodge Co.) 

9 June 1968 1 610 195 363 490 538 563 598 Green Bay (Brown Co.) 
* Source: Schneberger 1937b. 

» Includes four males, 585-690 mm (23.0-27.2 in) TL, all age VI; three females 604-704 mm (23.8-27.7 in) TL, ages VI-VIII; and one individual 504 mm 

(19.9 in), sex undetermined.
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thermal maximum for this species. With increasing rugged fighter that strikes hard and fights better than 
temperature and activity, the rate of oxygen deple- some highly rated sport fish; it is worth seeking for 
tion from the gas bladder increases progressively and angling fun. When a large bowfin is hooked it will 
the air-breathing rate increases. The bowfin has a frequently sound and lie on the bottom like a water- 
higher breathing rate during darkness, correlated soaked log. Spearing for bowfins may occur early in 
with an increase in the fish’s activity. the year as the ice opens up and the bowfins congre- 

That it is possible for the bowfin to survive pro- gate about the openings. I have seen more than 50 
longed air-breathing periods seems to be indicated large bowfins 1.8-3.6 kg (4-8 lb) that had been 
by an incident reported from Alabama (Green 1966). speared and discarded on either side of a causeway 
A shallow pond that had been drained for half a year on Petenwell Flowage (Adams County). 
was filled with water and stocked during February The bowfin is taken commercially by setlines, gill 
and March with five sexually mature bowfins (two nets, seines, buffalo nets, and slat nets from the Mis- 

males, three females) taken from a nearby river sissippi River. During 1956-1965, a total of 30,770 kg 
slough. When the pond was drained on 22 April, 51- (67,843 lb) were harvested from Wisconsin waters; 
mm (2-in) young were seen, along with two bowl- during 1966-1975, 28,580 kg (63,006 Ib). The largest 
shaped nests, suggesting that both male bowfins had catch was 5,626 kg (12,403 Ib) in 1961. Its value to the 
incubated broods. Over a 21-day period, from 23 commercial fisherman in 1975 was $0.04 per kilo. 
April to 11 May, this pond was dry. Seepage from Small bowfins make colorful, fascinating, and eas- 
other ponds made the bottom moist in many areas, ily maintained aquarium subjects. 
but there was no accumulation of water. On 12 May Reports as to the edibility of the bowfin are con- 
the pond was refilled and stocked with about 150 flicting. Some describe its flesh as “soft, pasty, not 
goldfish. When it was drained again on 28 August, especially palatable, unfit for use unless prepared in 
24 bowfins were recovered with the goldfish. These some special manner,” while others say it is “very pa- 
bowfins averaged 406 mm (16 in) and 680 g (1.5 Ib). latable, passably palatable, one of the best of all 
Evidently some young had survived a prolonged air- smoked fishes.” V. Hacker (pers. comm.) noted that 
breathing period. if bowfin flesh is frozen for 30-40 days before brining 

Neill (1950) reported having unearthed an aestivat- and smoking, it becomes hardened and makes very 
ing bowfin in a chamber 102 mm (4 in) below the desirable eating. MacKay (1963) reported that it may 

ground surface and 203 mm (8 in) diam, 0.4 km (0.25 be marinated in spices and vinegar before cooking, 

mi) from a river, the flood level of which had previ- baked in highly seasoned dressing, or smoked. Scott 
ously reached that location. Greenbank (1956) noted and Crossman (1973) reported that the flesh is dry 
that, with a lowering of water level in the Mississippi and has a mild flavor; when molded into patties, 
River, bowfin, carp, northern pike, and crappies dipped in egg and bread crumbs or corn meal, it 
moved with the resultant current out of the backwa- makes reasonably good eating. 

ters. The fish appeared to be moving actively and Because the bowfin is not generally accepted as a 
were not merely swept along with the current. Some food fish and because it feeds extensively on other 
bluegills and largemouth bass, however, tended to fishes, it usually is considered undesirable. But since 
remain in the backwaters, there to become trapped it inhabits waters likely to be populated by panfish or 
by the lowered water level. nongame fishes, the bowfin is often an asset. It may 

Adult bowfins usually live in deep water, coming be quite effective in preventing stunting in sport fish 
into shallows at night and during the breeding sea- populations (Purkett 1965, Scott and Crossman 1973, 

son. In winter they have been found closely huddled Berry 1955, Walden 1964). 
in gravelly pockets among water weeds (Coker 1930). The bowfin is frequently part of the fish fauna in 

Bowfins swim effortlessly, both forwards and back- many excellent sport and panfish waters in Wiscon- 
wards, by deliberate undulations of their elongated sin. In fact, the quality of such waters may be attrib- 

dorsal fins. utable in part to the presence of this species. Some 
fishery managers are considering the possibility of 
using this species, as well as the gar and the burbot, 

IMPORTANCE AND MANAGEMENT in lakes and ponds which are plagued with stunted 
The bowfin is host to the glochidia of the mollusk panfish populations. On the basis of the scanty evi- 
Megalonaias gigantea (Hart and Fuller 1974). dence we have today, it is possible that under certain 

Most bowfins are caught while the angler is fishing circumstances the bowfin may be an essential part of 
for other species. Anglers discover that this fish is a a healthy aquatic ecosystem.



Freshwater Eel Family— 
Anguillidae 

One species of freshwater eel is known from Wisconsin and North 
America. Its entire range lies east of the Rocky Mountains; there are no 
freshwater eels along the Pacific Coast of the United States. About 16 
species, all in the single genus Anguilla, occur widely throughout the 
world, particularly in the region of southeast Asia and the southwestern 
Pacific Ocean, including Australia and New Zealand. The fossil record is 

from the Upper Cretaceous to Recent. 
The body is excessively elongated and almost round in cross section. 

The gill openings are small, the pelvic fins absent, and the scales, when 

present, are small and embedded. 
The Anguillidae or freshwater eels spawn in the sea, but early in life 

they move into fresh water, where they grow into adults. They are catad- 
romous fishes: they run downstream to breed. 
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American Eel Lake (L. Christenson, pers. comm.) 1951; Dodge 

County—Beaver (Dam ?) Lake (Greene 1935), Rock 

River between Hustisford and Watertown (H. 

Anguilla rostrata (Lesueur). Anguilla—eel; rostrata— Neuenschwander, pers. comm.) up to 1943; Jefferson 
beaked. County—Lake Koshkonong (Janesville Gazette 16 July 

Other common names: common eel, freshwater eel, 1974) 1954, Rock River at Watertown (D. Becker, pers. 
Boston eel, Atlantic eel, silver eel, elver. comm.) 1975; Dane County—Lake Monona 

(Neuenschwander 1946) 1880, Salmo Pond of Black 

Earth Creek (C. Brynildson, pers. comm.) 1976; Dane 
and Rock counties—Yahara River (Mackenthun et al. 

Sat ee a 1948) 1946; Rock County—Rock River below Monte- 
i rey Dam at Janesville (Janesville Gazette 16 July 1974) 
3 1965, lower Pecatonica River (C. Brynildson, pers. 

_—" Fe comm.) 1950s; Columbia County—Crawfish River 

Sa ‘ Pd TION R12E Sec 13 (Columbus Journal Republican 7 July 
Mis 1976) 1976; Sauk County—Baraboo River (History of 

Sauk County 1880); La Crosse County—Neshonoc 
850 mm, Zumbro R., Minnesota, 1977 Lake (L. Christenson, pers. comm.) early 1950s; 

Dunn County—Lake Menomin (B. Apelgren, pers. 
DESCRIPTION comm.) about 1963; St. Croix County—Lake St. Croix 

Body much elongated, snakelike. Lower jaw pro- (B. Apelgren, pers. comm.) 1964. 
truding beyond upper; mouth large, extending to be- Lake Michigan records and reports: Ozaukee 
low or beyond eye; jaws and vomer with numerous County—Lake Michigan off Port Washington (Greene 
teeth somewhat unequal in length. Gill opening a 1935), Lake Michigan at Harrington State Park (UWSP 
small slit, about the length of base of pectoral fin. 5666) 1977; Brown County—Green Bay at Red Banks 
Fins: all soft-rayed; pelvic fins absent; dorsal fin be- (UWSP 2777) 1968, Fox River (Kernen 1974) 1974; 
ginning far behind head and in front of anal fin; dor- Marinette County—Green Bay at Peshtigo Point 

sal, caudal, and anal fins continuous; caudal fin (Marinette Eagle-Star 30 June 1974) 1974. 

bluntly rounded. Scales minute and mosaic, sepa- Lake Superior reports: Douglas County—Lake Ne- 
rated from one another or meeting at their margins. bagamon (W. Weiher, pers. comm.) 1966, 1970, 1973; 
Anterior nares at tips of short tubes close to upper Brule River at mouth (W. Weiher, pers. comm.) 1970; 
lips near tip of snout. Chromosomes 2n = 38 (Rob- Superior harbor area (W. Weiher, pers. comm.) 1974. 

erts 1967). Additional Lake Superior basin areas outside Wis- 

Larval eel or leptocephalus (“thin-head”) shaped consin: Minnesota shore Lake Superior (Milwaukee 
like willow leaf and transparent. Transformed or Journal 14 November 1971, Eddy and Underhill 1974) 
“glass eels” with general shape of an eel, eyes pig- 1966-1971; Beaver Lake Creek in Upper Michigan 
mented but body transparent. In fresh water, imma- (Moore and Braem 1965) 1957. 

ture eels yellowish, greenish or olive-brown; back Wisconsin Fish Distribution Study (1974-1978) rec- 
darker, belly lighter. Mature adult at time of seaward ords and reports: Green County—Sugar River at Al- 
migration with metallic sheen, back bronze or almost bany 1974; Dane County—Yahara River above Lake 

black and belly light or silvery (called “silver eel”). Mendota 1977; Sauk County—Wisconsin River T8N 
R4E Sec 3 1977; Grant County—Wisconsin River near 

DISTRIBUTION, STATUS, AND HABITAT Bridgeport 1977; Jackson County—Black River T22N 
The American eel occurs in the Mississippi, Lake R3W Sec 3 1975; La Crosse County—Black River 
Michigan, and Lake Superior drainage basins. In the TI7N R8W Sec 4 1976; Dunn, Pepin, and Buffalo 
Mississippi system, there are the following records counties—three Red Cedar River collections 1963 and 
and reports of eels outside the Mississippi River 1975, five Chippewa River collections 1977. 
mainstem: Walworth County—Whitewater Lake Eels reaching Wisconsin undoubtedly follow two 
(Milwaukee Journal, July 1950) 1950, Cravath Lake routes: (1) the Mississippi River from the Gulf of 
(Janesville Gazette 16 July 1974); Waukesha County— Mexico and (2) the St. Lawrence Seaway. M. W. 

Lac La Belle (D. Mraz, pers. comm.) 1959, Lac La Smith and Saunders (1955) noted that eels avoid cool- 
Belle and its outlet (Greene 1935), Upper Nemahbin water habitats. This may be responsible for their late



258 Freshwater Eel Family—Anguillidae 

i .—SCti‘<a;”é‘( 0 ey a tae eI  lsuperton. \ 
I . 2280 Df =a | ey) | 6 pe | - | SY Cee? a AN? > eo / | | | BO Le yp to 

= Narre a» | | | h oY. 
ey ord ae AARP mh 5 it dra l Y 

| lee ey TAL A | ew t Nee Age. 7 
1 PETAL diay * QF NY 5 

EA PT ite eae 
oe Pit ae oe . oo ai t "dee i 
EER IS ET TIT AC TERNS Cele Teer ol | CP et GENS 
re ey be eokin ges 7 rae, we K\ | ea 

CRO ee ade Lael LAS RE SR OTS FREES 4 aN 7a oe 
FOG SD ARS CEE AN Sa eater ASA | Ligh 
|. RE BS AE ee Ie iit, fF ROME ek SN oh eos wy 
"XSERIES ZN OE a EE (SB oe ~ 
| (LS A SIAM SEN SIENA EDS) ay EM 
Je (ARE SO PEP IETS OU SISN AO ey se Rr & “gs 
ere eS teye oe KR Sy Na WAss ANY ASE J , CEQ ASCH AGT AERA RAE KR ee Aye ea 
ayer Td NE TRIES WY, ey Py LA ee TM Ce 

+ RNB SANT DUS Oe AN SS . | GR 
SI Ne 2d LH SARAYE NI, OY Se FST of \ 

oR (1 Be WPA WON Saat, APS Ke byes Ps ‘ ) 

eg PY | Ves LSU oe eh : | 
oY vy el BLE VES SL PO AD Joe) B® AS SN ia Ne ey oY ( . | 

¥ be JESS row fs ae care bbe = | 
x A \ eon ae, \ 

2 Bah! REY 6X 4g +28 aor kG : | e | 
= fae aa LA fT Ie : 

| Yeu so a Yc Ye HC aH \ 
treassse Woot? SK C4 DPT POTS TAN Syd mewovonn 

$s St TAN S FRAO FE SY i | CAAA Ea 
ASE TA ERT Ns | 

a eee ss oy WAS) She ty te YP | 
) babel oie At aie Ss | Pot EPROPS, AIS) ie TK . fo ISREA EA IS Say RW Z ae a V| rR f the American eel | WARY WTS Ube IZ) EWS | ange of the American ee 
ss a 4 SEL IS ee wa tS | @ Specimens examined WANS FS os at 9.7} P)/ | ol en WACK YS | <3 SSA | | & Wisconsin Fish Distribution Study (1974-78) 

| x Nb aoe yp Yt EN Ah A © Literature and reports 
| Anguillarostrata nT — O Greene (1935) 

entry into the upper Great Lakes, especially Lake Su- sized streams over a wide variety of bottoms. A prime 
perior. requirement is sufficient food. The eel can tolerate 

The American eel is rare to uncommon in the Mis- habitats over a wide range of temperatures (Bigelow 
sissippi River and its tributaries. At one time it was and Welsh 1925). 
common, but it has declined during the past half cen- 
tury. In recent years there has been little change in its BIOLOGY 
status and its numbers do not appear to be diminish- When she leaves fresh water to spawn, the female is 
ing. In the Lake Michigan and Superior basins this very fat, with a very high oil content. This reserve of 
species is still an oddity. A capture off Peshtigo Point fat and oil undoubtedly sustains her on her journey 
of Green Bay in 1974 was headlined “Fisherman Nets to the breeding grounds thousands of miles away 
Strange Creature” (Marinette Eagle-Star). It is thought (Angel and Jones 1974). As the female eel leaves fresh 

that the construction in 1974 of an eel ladder on the water and enters the brackish estuaries, she is joined 
St. Lawrence River at Cornwall, Ontario, may in- by the male eel. Presumably they leave North Ameri- 
crease the numbers of eels in the upper Great Lakes can shores and over a period of 2 or 3 months swim 
(Whitfield 1975). In Wisconsin this species has watch into the spawning area. 

status (Wis. Dep. Nat. Resour. Endangered Species Schmidt (1922) says that breeding occurs in the At- 
Com. 1975, Les 1979). lantic’s Sargasso Sea between Bermuda and the Ba- 

The eel inhabits large streams and lakes, seeking hamas, but Vladykov (1964) makes a strong case for 
muddy bottoms and still waters. To reach these wa- a breeding area much farther south than the Sargasso 
ters the eel has to traverse swift-flowing, medium- Sea. Assuming the Sargasso Sea center, it is difficult
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to explain the presence of adults of the American eel rocks and, occasionally, of vertical fishways and 
over their southern limits, i.e., Trinidad and Dutch dams. Walden (1964) noted that they surmount 
Guiana, since the weak leptocephali would not be dams, negotiate tunnels, aqueducts, and under- 
able to reach those sites against the strong North ground streams, sometimes traveling over flooded or 
Equatorial Current. even dew-wet fields and turning up eventually in a 

The breeding season starts in late winter or early pond or lake with no apparent access to any sea-con- 
spring and extends into the summer (Breder and Ro- nected river. 
sen 1966). Spawning occurs in deep water and noth- Scales do not form on young eels until they attain 
ing is known of the mating activity. Presumably lengths of 16-20 cm (6.3-7.9 in) at about age III. Ina 
spawning occurs once, and is followed by the death length-frequency study, Hildebrand and Schroeder 
of the adults. Males mature at 279-305 mm (11-12 in) (1928) found lengths of 64 mm (2.5 in) at age I and 

and females at 457 mm (18 in) and at 5-20 years of 127 mm (5 in) at age II. By examining scales of eels in 
age (Carlander 1969). The number of eggs has been New Brunswick, M. W. Smith and Saunders (1955) 
reported at 5-20 million per female. It is presumed determined age III at 241 mm (9.5 in); IV, 292 mm 

that the eggs and larvae require water of high tem- (11.5 in); V, 348 mm (13.7 in); VI, 368 mm (14.5 in); 
perature and high salinity for development. VIL, 386 mm (15.2 in); VII, 462 mm (18.2 in); IX, 500 

The eel larvae (leptocephali) once considered dis- mm (19.7 in); X, 549 mm (21.6 in); XI and older, 612- 
tinct and separate fishes, are cigar-shaped in outline 744 mm (24.1-29.3 in). Smith and Saunders read 10 
but very flat from side to side. They are usually as scales for each fish but in the older fish many differ- 
thick as an ordinary blotter and highly transparent, ences were noted in annulus counts, sometimes as 
so much so that when laid on a printed page they much as 5 years in one individual. The highest read- 
offer practically no obstruction to reading. ing was used as the age for that individual. Gunning 

The leptocephali arrive off our coastal waters in 1 and Shoop (1962) reported that in two Louisiana 
year, at which time they assume the adult form and streams, eels were smaller in the stream with the 
are 60-65 mm (2.4-2.6 in) long. As soon as they higher population density. Of two eels tagged at 
come under the influence of fresh water in our brack- lengths of 360 mm (14.2 in), one grew at least 138 
ish bays, they become heavily pigmented and are mm (5.4 in) and the other, 325 mm (12.8 in) during 1 
nearly black. At this point they are 65-90 mm year of growth. 
(2.5-3.5 in) long, and are called elvers (Scott and Female American eels 122 cm (48 in) TL and 7.26 

Crossman 1973). kg (16 Ib) have been recorded (Eales 1968). Male eels 
Migration into fresh water occurs in spring. Most longer than 51 cm (20 in) are rare, but female eels up 

eels entering North American estuaries are females, to 91 cm (3 ft) long are common, and they can reach 

although to the south of the American eel’s range a length of 152 cm (5 ft) (Angel and Jones 1974). In 
(from North Carolina to the Gulf of Mexico) a few Wisconsin a number of eels of 91 cm (36 in) TL or 

males may be present (C. Huver, pers. comm.). The longer and weighing 1.4-1.8 kg (3-4 Ib) have been 
sex of this species is determined from a microscopic reported. On 30 April 1951 one was taken from Up- 
inspection of the gonads. per Nemahbin Lake (Waukesha County) 112 cm (44 

The males rarely move much above tidewater, and in) TL, weighing 3.52 kg (7 Ib 12 oz). Scott and Cross- 
grow to maturity after spending years in brackish es- man (1973) reported the case of a European eel (An- 
tuaries. The females, however, migrate into fresh guilla anguilla) kept in captivity from 1863, when 3 
water, some only a few kilometers and others years old, to 1948, a life span of 88 years. No similar 
hundreds or thousands of kilometers upstream. Ac- authentic records are known for North American 
cording to Dintaman (1975), elvers migrate upstream eels. 
during the night, generally following the bank of the Eels are voracious carnivores, feeding mainly at 
river or stream in very shallow water. When they ap- night and consuming a wide variety of fishes and in- 
proach a swift-running part of the stream, they move vertebrate creatures. Contrary to earlier thinking, 

closer to the shoreline, often coming out of the water eels seek living rather than dead creatures and are 

by clinging to wet grass or to the surface of wet rocks. not habitual eaters of carrion, although they do at- 

They move overland until they have passed the swift tack and partly consume fishes gilled in nets (Scott 
section and can again enter the water to continue and Crossman 1973). They have also been known to 
their upstream migration. They penetrate upstream feed on dead livestock that has washed into the 
by climbing, clinging, and crawling up the sides of stream (Harlan and Speaker 1956). Their snakelike
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movements permit them to move into extremely IMPORTANCE AND MANAGEMENT 
shallow waters and even overland for short distances This species is host to the glochidia of the mollusks 
in marshy or damp situations, and they have been Megalonaias gigantea, Arcidens confragosa, Actinonaias 
observed in damp lowlands near streams, presum- carinata, and Ligumia recta (Hart and Fuller 1974). 
ably in search of frogs, crayfish, and other foods. The eel has been suggested as a biological control 
Ranthum (1969) reported an eel taken from Pool 19 for lampreys. Perlmutter (1951) noted that the eel ex- 
of the Mississippi River that contained three small plores openings and crevices and roots through the 
clams and a large number of Hexagenia naiads. A 676- mud for its prey. In an aquarium experiment, eels de- 
mm (26.6-in) eel had eaten two crayfish; a 269-mm stroyed a considerable number of larval lampreys. 
(10.6-in) eel had eaten a heptageniid mayfly naiad. In The eel is too rare, however, in Lakes Michigan and 
New York eels were found feeding mostly on fish, Superior to have any effect on sea lamprey popula- 
and also on chironomid larvae. It was observed that tions. 
mayfly naiads and adults made up over half the food Adult eels appear to be well able to take care of 
of 20 eels from the Delaware River in New York. themselves (Adams and Hankinson 1926), but young 

Freshwater eels can survive for more than a year eels are eaten by walleye, great blue heron, American 
without taking food (Lagler et al. 1962). The intes- merganser, bald eagle, double-crested cormorant, 
tines of such starved fishes become nonfunctional black-crowned night heron, otter, mink, and water 
and partly degenerate. snake. 

Eels, being nocturnal, usually spend the day hid- Catching an eel in Wisconsin by hook and line is 
den under rocks or logs or buried in the mud with generally a matter of chance, occurring usually while 
only their snouts protruding. Adams and Hankinson the angler is fishing for something else. Any bait will 
(1926) noted that during the daytime they were do to catch an eel. The eel is a fighter, pulling vigor- 
caught in water from 9 to 18 m (30-60 ft) deep. ously, tugging, and shaking. The simplest way to kill 

In winter, in cold regions like New England, the eels is to put them in a deep container, sprinkle them 
eel burrows in soft mud and hibernates. At Cape with salt, and add enough water to cover them. This 
May eels burrow 152-203 mm (6-8 in), sometimes a method of killing eels helps to remove the slime layer 
little further, and often become more or less quiet or (Berg et al. 1975). 
dormant (Adams and Hankinson 1926). The eel is an exceptionally good food fish. What- 

Eels make chirping or sucking noises, which Scott ever the season, and even in countries like the 
and Crossman (1973) report are frequently heard on United States where most people are not accustomed 
warm August evenings in Canada. When highly ex- to eating eel, it is considered a luxury food. In some 
cited, they produce high-pitched sounds by release countries, eel is traditionally served on certain days. 
of air from the bladder through the pneumatic duct In Italy, it is the traditional dish on Christmas Eve. In 
(Lagler et al. 1962). Japan, one day in July is set aside as “eel day,” and 

Eels have a remarkably acute sense of smell. The great quantities are sold (Bardach et al. 1972). 
perceptual threshold for B-phenylethyl alcohol in the The flesh is white and has a good flavor. It can be 
best-trained experimental eels (Anguilla anguilla) was fried, baked, sauteed, jellied, made into chowder, 
a dilution of 1:2,857 trillion (Teichmann 1957). Teich- smoked, and served with a variety of sauces. Smoked 
mann estimated that 1-2 molecules of the scent in the eel is by far the most popular mode of preparation. 
nasal chambers could be detected by the eel. This Berg et al. (1975) suggested that eels be skinned, 
sensitivity may operate as a homing device through rolled in crumbs, dipped in egg and deep-fried for 
which the mature adult seeks out ancestral spawning 3-5 min. 
grounds. At one time eels served to a limited extent as a 

Captive eels in the University of Minnesota aquari- source of oil, which was extracted and sold largely as 
ums lie quietly on the bottom while resting, some- a grease for harnesses and for medicinal purposes. 
times upside down. They have occasionally escaped Occasionally, eel skins were preserved and stretched 
from their tanks and remained out of water for 24 over thin, narrow boards about a yard long to dry; 
hours without any apparent injury (Eddy and Under- the dried skins were used for lining buggy and riding 
hill 1974). whips. Skins also went into the production of fine 

The hardiness of the eel is almost proverbial, a bookbindings, and were shaped into suspenders and 

view that has arisen largely because the eel can live other items (Adams and Hankinson 1926). 
out of water longer than most freshwater fish. Its In the Mississippi River adjacent to Wisconsin, eels 
gills are protected from dessication, and it appears to are taken by setlines, bait nets, buffalo nets, and slat 
live at a low metabolic level. nets. During the 10-year period 1956-1965, a total of
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435 kg (960 Ib) was harvested from Wisconsin waters; During the 1970s, because of European demand, 
during 1966-1975, 2,056 kg (4533 Ib). The largest eels were bringing prices to commercial fishermen on 
yearly catch was 343 kg (756 Ib) in 1974 (Fernholz and the East Coast of $1.10 per kilo, and over 226,800 kg 
Crawley 1976). Its value to the commercial fisherman (500,000 Ib) have been flown overseas in a single 
of $0.51 per kilo in 1975 was exceeded only by the year. Most of them are shipped alive, and the de- 
price for the catfish ($0.81) and the shovelnose stur- mand is greater than the supply (Angel and Jones 
geon ($0.64). 1974).
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Herring Family— 
Clupeidae 

Three species of herrings in two genera are known from Wisconsin. 
In the United States and Canada 27 species in 9 genera are known (Rob- 
ins et al. 1980). 

The herring family contains many important marine species (e.g., 
herrings, shads, menhadens, and sardines), several of which are 

anadromous and enter fresh water to spawn. These fishes occur 
throughout the seas of the world, except for Antarctic waters. Among 
these are a few which have abandoned the marine phase of their exis- 
tence. A few species live permanently in fresh water. Economically, the 
order Clupeiformes is an important group of fishes, and in terms of money 
value probably the most valuable in the world. 

The herrings possess a row of modified scales, called scutes, along the 
midventral edge of the belly; these scales form a distinct sawtooth mar- 
gin. All species have a transparent eye covering (adipose eyelid) with a 
vertical slit. All have the pelvic axillary process. 

The herrings are spring spawners and the anadromous species crowd 
into streams in spectacular runs. Presumably, the eggs are deposited at 
random, and no care is given to them or to the newly hatched young. 
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Alewife (Miller 1957), and had become common throughout 

the lake by 1957. In the late 1950s and early 1960s the 
population increase was explosive. In Lake Superior 

Alosa pseudoharengus (Wilson). Alosa—Saxon Allis, old it was first reported in 1953, and its numbers appear 
name of the European shad, Alosa alosa; pseudo— to be increasing there (McLain et al. 1965). 

false, harengus—herring. Movement of alewives into new areas occurred 

Other common names: ellwife, sawbelly, sawbelly after high-water conditions, and the resultant in- 
shad, shad, golden shad, branch herring, big- creased current and high levels in the connecting ca- 

eyed herring, river herring, spring herring. nals and rivers may have served as a stimulus to the 
anadromous habits of this species (Graham 1954). 

The alewife was observed running into Kangaroo 
Lake (Door County) and up the Pigeon River system 
in Sheboygan and Manitowoc counties, apparently 

C , establishing a permanent population in Pigeon Lake 
- (L. Kernen, pers. comm.). It has been reported in 
eee . East Twin River (Manitowoc County), Sheboygan 

jmigiany River (Sheboygan County), Sauk Creek (Ozaukee 
County), and Milwaukee River (Milwaukee County). 

In Lake Superior it rarely occurs in tributary streams 
Adult 180 mm, L. Michigan (Door Co.), 3 July 1963 (McLain et al. 1965). 

The alewife is abundant in Lake Michigan and 
DESCRIPTION common in Lake Superior. In Lake Michigan it con- 
Body oblong, strongly compressed laterally, depth into stitutes 70-90% of the fish weight, and by sheer 
SL 3.0-3.7. Length 150-180 mm. Head length into weight of numbers has dominated the fishery of the 
SL 3.5-4.3. Mouth large, maxillary reaching below lake. 
middle of eye; lower jaw projecting beyond upper jaw. The present system in Lake Michigan—in which a 
Jaw teeth small, weak, and few. Gill rakers on lower single species, the alewife, makes up a major share 

limb of the first arch 41-44; upper limb of first gill of the forage fish of the lake—is not stable. According 
arch about half the length of lower limb. Scales cy- to S. H. Smith (1968a), the instability is accentuated 
cloid; lateral line absent; lateral series scales 42-50. because the alewife is highly sensitive and not well 
Dorsal fin usually 13-14 rays, last ray not length- adapted to its life in fresh water. Its abundance has 
ened beyond the fin; dorsal fin insertion directly over fluctuated widely in the other Great Lakes where it 
or slightly in advance of pelvic fin insertion. Anal fin has already reached its peak. Causes of these fluctua- 
rays usually 17-18. Caudal fin deeply forked. Chro- tions are not known and cannot be anticipated. 
mosomes 2n = 48 (Mayers and Roberts 1969). Overfishing or overpredation during the low cycle of 

Back gray-green or brownish green becoming sil- a fluctuation could cause the alewife population to 
very on sides and belly. Cheek silver. Single dark collapse. It seems unlikely that the alewife can per- 
“shoulder” spot in most individuals. Adults with dark, sist at its present level of abundance in Lake Michi- 
longitudinal lines along scales above midline. gan; a drop to a population level somewhat less than 

Larvae separable from gizzard shad larvae by ratio the present level may be expected. 
of snout to vent length/SL; values for alewife larvae In Lake Michigan the alewife inhabits all levels over 
3.5-19.5 mm SL range from 0.82 to 0.74 (Lam and all bottom types. It avoids cold water, and during the 
Roff 1977). winter searches out the warmest areas—at the bot- 

Possible hybrid Alosa pseudoharengus x Alosa aesti- tom in the deep portions of the lake. The cold water 
valis (Vincent 1960). of Lake Superior may have deterred establishment of 

a substantial population there (S. H. Smith 1972). 
DISTRIBUTION, STATUS, AND HABITAT 

The alewife reached the upper Great Lakes via the BIOLOGY 
Welland Canal (bypass of Niagara Falls). It was first Spawning occurs from June to August. In 1965 
recorded from Lake Erie in 1931 and from Lake Hu- spawning in the harbor areas of Lake Michigan ex- 
ron in 1933. It appeared in Lake Michigan in 1949, tended from the end of June to the first part of Au- 
had dispersed throughout most of the lake by 1953 gust, with the peak occurring during the first 2 weeks
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of July (Norden 1967a). The majority of spawning spawning streams they must occasionally endure 
alewives were in age groups II and III (158-172 mm); temperatures of 25°C (77°F) or more. In the Milwau- 
the females produced from 11,000 to 22,000 eggs, kee Harbor during July and August, Norden (1967b) 
compared to the 60,000-100,000 eggs in the larger collected developing eggs and larvae at surface water 
marine alewife (Graham 1954). Norden noted some temperatures ranging from 17.5 to 21.1°C (63.5-70°F). 
ripe individuals, mostly males, of age group I, but no Spawning was observed by Edsall (1964) on the 
age-0 fish were in spawning condition. In mature fish Kalamazoo River, Michigan, about 3.2 km (2 mi) up- 
the testes made up about 5% of total body weight, stream from Lake Michigan. Observations were made 
the ovaries 10%. off a 24-m (80-ft) dock where the water depth was 

In Lake Michigan, 5,000—6,000 spawning fish have 3 m (10 ft). The spawning act involves two or more 
been seen in schools 4.5—6 m (15-20 ft) diam (Threi- fish which swim rapidly with sides touching in a 
nen 1958). While on their inshore migration, they tight circle 20-30 cm (8-12 in) diam spiraling upward 
come into shallow water at night and remain offshore from the depths. The act terminates after one or two 
during the day. circles have been completed at the surface. The 

In Lake Ontario spawning occurred at temper- spawners then swim rapidly downward and out of 
atures of 13-16°C (55-60°F). But temperatures dur- sight. Spawning was first observed late in the after- 
ing the spawning period may vary considerably, and noon (1700 hr) and reached a peak at 0200 hr, when 
L. Wells (pers. comm.) reported that, although dur- spawning could be heard clearly. (The termination of 
ing the same period of time alewives are found in the spawning act involves considerable splashing.) 
water with temperatures ranging from 5°C (41°F) or According to Odell (1934), there seems to be no pre- 
less to 20°C (68°F) or more, most are found in water ferred type of bottom. 
warmer than 8°C (46.4°F). Alewives tend to avoid Spawning itself has been thought to be a factor in 
temperatures greater than 22°C (71.6°F), but in some alewife die-offs, but dead or dying alewives are sel-
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dom seen in areas where spawning is taking place volume of stomach contents from fish taken in the 
(S. H. Smith 1968a). Norden (1967a) suggested that shore zone of Lake Michigan and Green Bay, prob- 
perhaps alewives spawn but once. ably ingested incidentally to feeding on zooplank- 

In Lake Michigan alewives, the eggs are pale yel- ton. A few gastropods are found in alewives in the 
low and about 1 mm diam (Norden 1967b). Newly littoral zone, indicating that alewives feed on the 

hatched larvae average 3.8 mm TL; the yolk-sac is bottom to some extent. 
absorbed 3 days later when the larvae average 5.1 Gannon (1976) suggested that positive selection of 
mm. Larvae 19.1 mm long begin to develop adult fea- Daphnia by alewives probably takes place in southern 
tures, and at 35 mm (1.4 in) their body form closely Green Bay, although this was not indicated in electiv- 

resembles that of the adult. Instructions for distin- ity indices. Laboratory studies reveal the Daphnia are 
guishing alewife larvae from those of trout, cisco, digested most rapidly by alewives and, therefore, are 
smelt, and gizzard shad are provided by Norden. under-represented in stomach contents relative to 

The smallest individual containing food (cope- other plankton species. 
pods) was 5.9 mm long (Norden 1968). Cladocerans Fish eggs were found by Morsell and Norden 
first appeared in the digestive tracts of 9.5-mm lar- (1968) in the stomachs of 46.2% of spawning alewives 
vae. Cladocerans and copepods generally constitute and were presumed to be alewife eggs. Larger eggs 
over 75% of the total number of organisms con- from another species of fish were also found in a few 
sumed, with Cyclops and Bosmina contributing a high stomachs of alewives collected from the littoral zone. 
percentage of the plankton eaten. According to Edsall (1964), during intensive spawn- 

According to Threinen (1958), eggs kept in the ing activity, there is considerable egg predation from 
laboratory at 13.3-15.6°C (56—60°F) in running water both nonspawning and spawning alewives as eggs 
and at 15.6-23.3°C (60-74°F) in standing water hatch are being released during the spawning act. In addi- 
in 81-132 hours. Hatching begins in 2 days and is tion to the alewife eggs, stomachs of the larger ale- 
completed at the end of 6 days at 15.6°C (60°F). wives were tightly packed with scales (probably from 
Norden (1968) noted that attempts to rear larval spottail shiners). Edsall concluded that, although 

alewives in the laboratory failed, death occurring after large alewives may feed only lightly on alewife eggs, 
the absorption of the yolk-sac, about 3 days after small alewives appear to be very effective egg con- 
hatching. Heinrich (1977) overcame this problem by sumers. 

presenting a mixture of wild zooplankton (mostly co- From scales and otoliths, Norden (1967a) deter- 

pepod nauplii, cyclopoid copepodites, and the cla- mined ages of more than 2,000 specimens from the 
doceran Bosmina longirostris, ranging in maximum di- Milwaukee area of Lake Michigan. During the first 
mension from 0.2 to 0.9 mm) twice each day, begin- year of life 55.7% of the total length was reached; the 
ning the day of hatching. The fry are both phototropic second year, 24.5%; the third year, 11.2%; the fourth 
and pelagic (Threinen 1958). year, 8.6%. Growth by year was: 0, about 95 mm (3.7 

Morsell and Norden (1968) found that zooplank- in); I, 139 mm (5.5 in); IL, 158 mm (6.2 in); HI, 172 mm 
ton predominate in the stomachs of fish taken from (6.8 in). After alewives attain their third annulus, ad- 
the shore zone (0-1.2 m depth) of Lake Michigan, ditional annuli are crowded and difficult to read. 

Milwaukee Harbor, and Green Bay; whereas Ponto- Norden noted that errors in aging fish having more 
poreia, a deepwater amphipod, predominates in the than three annuli are apt to be greatly magnified. 
littoral (9-30-m depths) and profundal zones (depths A 27 June die-off sample from Sturgeon Bay pro- 
greater than 30 m). As the lengths of the alewives vided Brown (1968) with the following age and growth 
increase, a progressively greater proportion of Pon- (mm) values: 
toporeia is found. Limnocalanus macrurus is the domi- 
nant zooplankton in the food of alewives caught in U Ul Iv Vv All ages 
the winter, whereas Cyclops bicuspidatus and Diapto- Males 135 152 166 164 154 
mus sp. dominate during the other seasons. Mysis re- a 132 ape ass 180 163 
licta contribute a small portion of the profundal and 
littoral diet for those alewives longer than 139 mm Preliminary studies show that males mature earlier, 

(5.5 in). Tendipedid larvae and pupae are found in are recruited at a younger age to the bottom stocks 
alewives from all zones but are important only in the and to the spawning population, and die earlier than 

shore zone, where they contribute 58.5% of the dry females. Most of the age-I fish taken on 1 June 1967 

weight of the stomach contents of fish in the 60-119- by trawl in Lake Michigan off Sturgeon Bay were be- 
mm (2.4—4.7-in) size group. Filamentous algae, mostly tween 70 and 99 mm (2.8 and 3.9 in) long. 

Cladophora, often constitute more than 50% of the Alewives from all four inland Great Lakes are con-
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siderably smaller than the anadromous form (occa- motic control in warm water because of an exhausted 
sionally 360 mm) along the Atlantic Coast. According thyroid mechanism, possibly related to low levels of 
to Norden (1967a), average length of the largest ale- iodine in fresh water. 
wives from Lake Michigan was 193 mm (7.6 in), In some studies, alewives have been observed to 

while in Massachusetts spawning alewives averaged die when subjected to temperatures below 3.4°C 
270 mm (10.6 in). Four individuals taken off Algoma (38°F) and this lack of tolerance for cold is undoubt- 
in Lake Michigan (UWSP 035) averaged 230 mm (9.1 edly why in midwinter they must seek the deepest 
in); four individuals taken off northern Bayfield areas of lakes where the water is warmest—usually 

County in Lake Superior (UWSP 2260) averaged 246 3.9°C (39°F) (S. H. Smith 1968a). The fact that deep 

mm (9.7 in). water in the Great Lakes can become colder than this 

Threinen (1958) noted that few alewives live be- during severe winters may explain why alewives 
yond 5 or 6 years; Van Oosten (1932) reported that sometimes start to die in the deepest waters in mid- 
they will reach an age of 8 years. winter. Midwinter die-offs tend to go unnoticed be- 

In Lake Michigan the alewife has become the cause the fish remain on the bottom and do not wash 
dominant fish species (S. H. Smith 1968a, 1968b). In ashore. 

the winter, adult alewives live in the deepest water, Adult alewives from Lake Michigan acclimated to 
while in the spring and fall they pass through the 20°C (68°F) had an estimated upper incipient (begin- 
nearshore mid-depths. In the summer, the alewives ning) lethal temperature of 24.5°C (76.1°F) (Otto et 
crowd the shore. All year the young alewives can be al. 1976). Young-of-year alewives acclimated to the 
found in the central mid-depths of the lake, where same temperature were tolerant to temperatures 6°C 
they spend their first 2 years. At one time or another higher than adults. The ultimate lower lethal tem- 
during the year all zones of the lake are dominated perature for this species is about 3°C (37°F). 
by vast swarms of alewives competing with and often 
eliminating the stocks of native fishes. 
Norden observed the aggressive nature of the ale- IMPORTANCE AND MANAGEMENT 

wife in captivity with other species of fish. When The prolific alewife has wrought profound changes 
feed is introduced into the aquarium, the alewives in the fish population structure in the upper Great 
swarm into the food and consume it while the other Lakes, particularly in Lake Michigan. The following 
species move off to one side and don’t feed (Milwau- detrimental effects are often mentioned: (1) It has re- 

kee Journal 12 March 1972). duced other species of fish in the lake, including the 

One aspect of its behavior which distresses man is perch, herring, chubs, and minnows, by competing 
its dying, a biological endpoint over which the ale- with the young of those species for plankton as food 
wife has little control. Brown (1968:2) stated: and actually preying on the young of other fishes 

Th : ; 4 : ‘ (S. H. Smith 1972). (2) The die-offs litter the beaches. 
e classic population explosion, which crested in the : - pe 

southern and central basins of the lake in 1966 .. . was (3) The fish clog intakes of power plants and munici- 

accompanied by progressively heavier spring and summer pal water filtration plants. In addition, they have small 
dieoffs and was climaxed by a massive mortality in June commercial value, although they constitute over 80% 
and early July 1967. The 1967 dieoff was in progress by the of the fish biomass in Lake Michigan. As S. H. Smith 
first week of June and reached its greatest intensity by the (1968a:12) has stated: 
third week, when huge windrows of fish were deposited son si 
by wind and waves on beaches in Michigan, Indiana, Illi- An upset of the entire fishery ecology of Lake Michigan 
Aci and Wisconsin, was already well underway in 1949 when the sea lamprey 

was consuming the last vestiges of the lake trout (Salvelinus 
In Wisconsin the mortality extended in Lake Michi- namaycush) and burbot (Lota lota)—the only abundant and 

gan up to Sturgeon Bay and in Green Bay along the widely distributed predators of the lake. Absence of large 
east shore. About 70% of the alewives in Lake Michi- predators left the way wide open for a small and prolific 
gan died during the 1967 die-off (Wells and McLain species such as the alewife. Under this condition the ale- 
1972). wife increased with Settee witness. a ee 

: : alewives represented about 8 per cent of the poundage o} 
t The alepite encolinfem sharp ‘ciate: i. water fish taken Th capeainental mate in Lake ee by 1966 
emperature between the deep, cold waters of the the ae 

: 'y represented over 80 per cent. When undergoing its 
Great Lakes and the shallow, Wanner waters inshore increase the alewives have reduced or replaced all of the 
and in the tributaries. That the fish perhaps cannot previously very abundant species of the lake, and upset 

adapt to severe temperature changes is one of the completely a very productive and stable multi-species bal- 
most plausible explanations suggested for the mor- ance that had existed since the glaciers retreated from the 

talities. Hoar (1952) suggested that fish may lose os- Great Lakes thousands of years ago.
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However, the alewife also confers some benefits: phenomenal when one considers that production was neg- 
(1) It is an excellent forage fish for high-value sport ligible prior to 1956. 
and commercial species such as salmon, steelhead, A major harvest occurs in the areas bordering Pensaukee 

and lake trout. Biologists estimate that coho salmon and Green Bay and off the ports of Manitowoc, Two Rivers 
are now consuming 36-45 million kg (80-100 million and Milwankee in Lake Michigan proper. 
Ib) of alewives each year, which amounts to less than In 1974, the 18 million kg of alewives harvested 

5% of the alewives in Lake Michigan (Downs 1974). were valued at $525,120. They amounted to 1,360 
(2) It is currently being harvested and converted into _kilotons of fish meal, about 3% of the total United 
fish meal, which is primarily used to feed poultry. It States production. Hardly 2% of the estimated 1 bil- 
does not find a market as mink feed, although Wis- lion kg of alewives in Lake Michigan is being har- 

consin leads the nation in mink production and 30% vested and converted into fish meal. 

of the mink’s diet is fish meal; because of the high The catch is split nearly equally between trawlers 
levels of PCBs (polychlorinated biphenyls) in Great and pound netters. Much of it is carried to a firm at 
Lakes fish, mink ranchers use Canadian fish meal. Oconto, where, every day during the height of the 

(3) Its use as food for humans is being studied by fishing season between May and December, an esti- 
University of Wisconsin food scientists, who are sug- mated 91,000-136,000 kg of alewives are processed 

gesting alewife hors d’oeuvres, alewife fish sticks, into cat food and fertilizer (L. Berman, Milwaukee 
and “sardines.” D. Stuiber (L. Berman, Milwaukee Journal, 7 October 1975). 

Journal, 7 October 1975) describes the alewife as tast- The introduction of this species into East Coast 
ing somewhat like a sardine (with the same nutri- water-supply reservoirs suffering from plankton 
tional content), but because it is a freshwater fish, it blooms and other distasteful problems has resulted 
is softer. Larger alewives, though full of small bones, in a number of successes. The plankton blooms 

may be a valuable food fish for man and can be con- which were clogging pipes and filters disappeared, 

sumed fresh, as well as dry salted, pickled, and and the alewife exhibited remarkable growth. Such 
smoked. biological control of plankton blooms appears to be 

Poff (1974:6) summarized the commercial impor- more effective than the conventional treatment with 
tance of this species: copper sulfate. Although the alewife introduction 

Since 1970 the trend has been to stable production of ale- program is still in the experimental stages, it is dis- 

wives in these waters. Each year since 1966 the commercial pelling certain erroneous impressions that the fish is 

harvest has been in excess of 18,000,000 pounds. This is nothing more than a pest (Worthington 1976).
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Skipjack Herring sippi River at Fountain City (Buffalo County); Missis- 

sippi River at Wyalusing (Grant County); Mississippi 
River at Genoa (Vernon County). 

Alosa chrysochloris (Rafinesque). Alosa—Saxon Allis, Additional records: UWZM 678 (2) Lake Pepin at 
old name of the European shad, Alosa alosa; Lake City (Wabasha County, Minnesota) August 
chrysochloris—gold-green. 1904; UWZM 706 (1) St. Croix River at Hudson (St. 

Other common names: skipjack, blue herring, golden Croix County) 25 July 1908; UWZM 794 (12) Lake Pe- 

shad, river shad, river herring, shad. pin at Lake City (Wabasha County, Minnesota) Au- 

gust 1904; MPM 689 (2) Mississippi River at Wyalu- 
sing (Grant County) 23 July 1911; MPM 599 Lake 

Pepin at Maiden Rock (Pierce County) 2 August 1910. 
The skipjack herring is rare in South Dakota (Miller 

eta NO aes aa 1972) and threatened in Iowa (Roosa 1977). No recent 
‘ re a os ta r records are available from Wisconsin waters and this 

ih be a aati: species, once abundant, is extirpated (Wis. Dep. Nat. 
eect ad Resour. Endangered Species Com. 1975, Les 1979). 

A chronology of the status of skipjack herring in 
the upper Mississippi River follows: 

Immature 106 mm, Wabash R. (Posey Co.), Indiana, 7 Sept. 1966 1903-1904—Wagner (1908:34): “I was never dis 46 

hook one in Lake Pepin, but while fishing for black 
DESCRIPTION bass in the swift waters of the Mississippi several 
Body oblong, strongly compressed laterally, depth miles below the lake, I was forced to abandon min- 
into SL 3.4—4.0. Length 300-400 mm. Head length nows as bait, as the skipjack took all of them.” 
into SL 3.6—4.0. Mouth large, reaching below eye; 1911-1913—Eddy and Underhill (1974:145-146): “Be- 
lower jaw projecting beyond upper jaw. Upper and tween 1911 and 1913 many specimens from Lake 
lower jaw teeth present at all ages; tongue with small Pepin were forwarded to the United States Bureau 
teeth in 2-4 rows. Gill rakers on lower limb of first of Fisheries Laboratory at Fairport, Iowa. These in- 

arch 20-30. Scales cycloid; lateral line absent; lateral cluded both adults and young, which indicated 
series scales 53-60. Dorsal fin usually 17 rays, last that they must have spawned somewhere in that 

ray not lengthened beyond the fin; dorsal fin inser- vicinity.” 
tion directly over or slightly in advance of pelvic fin 1914-1916—Coker (1930:168): “There is no question 
insertion; anal fin rays about 18. Caudal fin deeply that during the three years immediately following 
forked. the construction of the dam there was a decided 

Back bluish or greenish, sides silvery with golden decline in numbers of fish appearing at Keokuk 
reflections, belly silvery. Row of vague, dusky and in numbers taken in Lake Pepin. The records 
“shoulder” spots, absent in some individuals. Scales of collections in Lake Pepin by our seining crew for 
of back with dusky bases. the years 1914, 1915, and 1916 were as follows: 

4,189 in 1914, 2,288 in 1915, and 42 in 1916. These 

DISTRIBUTION, STATUS, AND HABITAT observations led us to suppose that the fish were 
All Wisconsin records are from the mainstem of the rapidly decreasing in numbers in the upper part of 
Mississippi River and the St. Croix River below St. the river.” 
Croix Falls where the skipjack herring reaches the 1926—Coker (1930:168): “In August, 1926, the author 

northern limit of its distribution. Greene (1935) ex- witnessed several seine hauls in Lake Pepin, in 
amined collections from the following places: St. each of which one or two river herring were taken. 
Croix River above the railroad bridge at Hudson ...It was the testimony of several commercial 
(St. Croix County) (UMMZ 78081, 20 August 1928); fishermen that ‘the herring were coming back.’” 

St. Croix River at Hudson (St. Croix County); Lake 1950—Eddy and Underhill (1974:146): “In about 1950 
Pepin at Rest Island, Minnesota (opposite Pepin a few specimens were reported from the Missis- 
County); slough of Mississippi River 3.2 km (2 mi) sippi River on the Wisconsin side below Prairie du 
north of Victory (Vernon County) (UMMZ 78194, 22 Chien, but no Minnesota specimens have been re- 
August 1928). Greene had reports from Lake Pepin ported since those of Surber at Big Stone Lake 
at Lake City, Minnesota (opposite Pepin County); (headwaters of the Minnesota River) in 1920.” 
Lake Pepin at Maiden Rock (Pierce County); Missis- 1975—Moyle (1975:26) noted that the skipjack her-
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ring is rare or extirpated in Minnesota: “It was ing the dams. Records show that great numbers of 
once common in the Mississippi River as far up- herring accumulated beneath the fastwater reaches 
stream as Minneapolis, in the Lower St. Croix, and below dams, but there is little evidence that many of 

in the Minnesota River to its headwaters in Big the fish managed to get upstream either over or 
Stone Lake. It has not been reported in recent around the dams. Furthermore, nothing is known 
years.” about how much unimpeded water is necessary to 

Today the skipjack herring is largely gone from meet successful living and spawning requirements 
a ae i for this species, particularly near the northern limits 

the upper Mississippi River. P. W. Smith et al. (1971) of its range 
noted that it is moderately common on the Missis- Be. 
sippi River near the mouth of the Ohio River (south- BIOLOGY 
ern tip of Illinois) and occasionally as far upstream as Little is known about the spawning habits of this spe- 
Pool 15 (environs of Muscatine, Iowa). cies. At Keokuk, Iowa, fish in spawning condition 

The skipjack herring inhabits the open waters of were observed from the end of April through the be- 
large rivers, and early in the year it often congregates ginning of July (Coker 1930). Although Coker was 
in large numbers in the swift currents below dams unsuccessful in determining the particular place and 
and in the vicinity of wing dams. Occasionally it be- time of spawning, he concluded that the fish do not 
comes an inhabitant of large river lakes. According to spawn in large aggregations, that during the spawn- 
Trautman (1957) it appears to avoid turbid waters. ing operations they are not readily captured by ordi- 

Undoubtedly one problem associated with the de- nary methods of fishing, and that spawning ends 
cline of the skipjack herring on the upper Mississippi soon after the first of July. Fish full of roe were taken 
River was its inability either to negotiate dams during by Coker on 29 April 1914 at the very beginning of 
the early spring migrations or to use canals bypass- the run. Eggs and milt were exuded when pressure
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was applied. In 1915, eggs 0.8 mm diam were found the ebony shell clam (Fusconaia ebena), which was re- 
on 24 May; 1.1 mm diam, 5 June. Milt issuing on garded as the most valuable of all the pearly mussels 
pressure was first noted 23 June. of the Mississippi basin (Coker 1930). This clam was 

In Kentucky, young-of-year on 8 July were 21-30 abundant in all the larger waters of strong current 
mm SL and not completely covered with scales (Clay and yielded a shell of the best quality for buttons. 
1975). In Ohio, young-of-year during August were The reproduction of the ebony shell clam, so far as 
25-102 mm (1-4 in) long and in October, 127-203 mm all evidence goes, is accomplished largely through 
(5-8 in); adults, 305-406 mm (12-16 in) long, weighed the parasitism of its young (glochidia) upon skipjack 

227-567 g (8-20 oz), and the largest specimen, 533 herring. Infection of the skipjack by larval mussels is 
mm (21 in) long, weighed 1.59 kg (3 Ib 8 oz) (Traut- heavy: one study showed 1,895 to 3,740 in a single 

man 1957). fish, with a large number of fish infected (Baker 

According to Harlan and Speaker (1956), the skip- 1928). By 1926, however, Coker found that the clam 
jack herring reaches a length of 254-305 mm (10-12 was a vanishing species in the upper river, and in 
in) at maturity. 1929 not a living specimen of that species of clam 

The skipjack feeds on plankton, small insect lar- could be found in Lake Pepin; there were only old 
vae, and small fishes (Eddy and Underhill 1975). In shells (Eddy and Underhill 1974). Apparently only 
about 150 skipjack herring examined, approximately very old individuals are now to be found in the upper 
one-third were empty; a little more than one-third Mississippi River: a large, old specimen (103 mm) 
contained fish, chiefly minnows, with some moon- was obtained near Prairie du Chien in 1975 (Mathiak 
eyes, gizzard shad, and others not determinable; and 1979). 
less than one-third contained insects and larvae, The skipjack herring is also host to the glochidia of 
principally mayflies, some caddisflies, and others the mollusks Megalonaias gigantea, Elliptio crassidens, 
(Coker 1930). and Anodonta grandis (Hart and Fuller 1974). 

Trautman (1957:179) described communal feeding: The skipjack herring is criticized as being too bony 

: . . _ . to be of much value as a food fish and as lacking good 
The species fed in large, swiftly swimming schools which flavor and food value. But no one faults it for its fight- 
forced the huge schools of emerald and mimic shiners to j ae : 3 8 
crowd together near the water’s surface. Once the min- ing qualities at the end of a line. Coker (1930:165—166) 
nows were closely crowded together the skipjack dashed noted: 

in among them, forcing the minnows to rise to the water's . . . Its liveliness and vigor make it one of the gamiest fishes 
surface where they could be captured readily. in the river, so that it affords real sport to the angler who 

: . . Be fishes with live bait in swift water as about the ends of wing 
In pursuing, its prey, the skipjack will itself fre- dams. An insight into its habits was had by the author and 

quently swim clear of the water. It is this phenome- an aide as they fished for herring in the swift waters below 
non, recorded by many observers, that has given the the chute alongside the lock. The fish played about the boat 
fish the name “skipjack.” In Lake Pepin Wagner in great numbers, darting through the water, leaping from 
(1908:34) noted: “Its peculiar habit of leaping out of the surface, taking the line and making the reels spin bus- 

the water while pursuing its prey is apparent here, ily, only to release themselves when a strain was put upon 
especially at dusk, when the splashing of many the line. After a time it was found that the fish were taking 

specimens is almost continuous until long after the spindle-shaped lead in the mouth rather than the 
dark.” baited hook. The very swiftness of the fish prevented an 

sey, « earlier discovery of the trouble. With the leads removed 

The skipjack’s movements are so:swilt that the:eye from the lines and the bait kept close at the surface, the fish 
can seldom follow them even in very clear water, as were caught in fair numbers 

Eddy and Underhill (1974) noted, and its coloration , 
also helps to obscure its movements. The oil present in its flesh is said by fishermen to 

In the Wabash River, Gammon (1973) noted that be very attractive to catfishes, and many skipjacks 
these fish actively avoided thermal inputs from an are caught specifically for use as jug or trotline bait 

electrical power plant, all of which were warmer than (Pflieger 1975). 
DPOF). With the present state of knowledge, it is doubtful 

that any program geared to reestablishing this spe- 
IMPORTANCE AND MANAGEMENT cies will meet with success. Initially, research should 
At one time the skipjack herring represented a very be devoted to determining its life cycle and its special 
distinct economic asset because it helped perpetuate needs, if any, for successful propagation.
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Gizzard Shad of the Chippewa-Red Cedar rivers, and the Wiscon- 
sin River at least as far upstream as Portage (Colum- 

bia County). In the Lake Michigan drainage it is 

Dorosoma cepedianum (Lesueur). Dorosoma—lance body; found in the upper and lower Fox River and in Lake 

cepedianum—after Lacepéde, naturalist and com- Winnebago. 
piler of Histoire Naturelle des Poissons (Natural Although Miller (1957) presents a case for the giz- 
History of the Fishes). zard shad’s entry into Lake Michigan through the 

Other common names: eastern gizzard shad, shad, Chicago River canal, it is also probable that the Fox- 
hickory shad, mud shad, jack shad, sawbelly, Wisconsin canal at Portage (Columbia County) may 
hairy back, flatfish, skipjack, Norwegian her- have been another dispersal route. B. Moes (pers. 
ring. comm.) noted that he had seen this species in Green 

Bay as early as 1953. 
Priegel (1967a) reported it as abundant in the up- 

per portions of the upper Fox River. It is uncommon 
De eae to common in the lower third of Green Bay and rare 

Pn a ee i j in protected harbors along Lake Michigan. The num- 
i aes oo bers of the gizzard shad taken by the commercial 

Re ng fisheries in the Mississippi River have not warranted 
el listing this species in the catch. 

Although appearing in sizable numbers in some 
Wisconsin waters, this species has not reached pest 

Yearling 197 mm, Mississippi R. (Jackson Co.), Illinois, 1 July levels. Populations appear to fluctuate greatly, un- 

1969 doubtedly because of the limiting effects of the low 
winter temperatures. Any trend, however, which 

DESCRIPTION warms the water (e.g., industrial hotwater effluent) 
Body oblong, deep, strongly compressed laterally, may enable carryover of breeding stock through se- 
depth into SL 2.5-3.1. Length 270-350 mm. Head vere winters. The establishment and spread of this 
length into SL 3.2-4.0. Snout rounded, overhanging species in recent years in Lake Michigan may be sup- 
the ventral mouth; lower jaw short, fitting into upper ported by such artificial warm spots in harbors and 
jaw; maxillary reaching below anterior margin of eye. industrial bays. At present the gizzard shad is secure 
Jaw teeth and teeth on tongue absent (minute teeth in Wisconsin; it functions as a forage fish, and is an 
on upper jaw in larval young, but soon lost). Gill rak- interesting part of Wisconsin’s fish population. 
ers on lower limb of first arch about 190; upper and It inhabits large rivers, reservoirs, lakes, swamps, 
lower limbs of first gill arch subequal. Scales cycloid; bays, sloughs, and similar quiet open waters, from 
lateral line absent; lateral series scales 52-70. Dorsal clear to very silty. Although it occurs in the relatively 
fin usually 10-12 rays, the last ray greatly prolonged strong current of the upper Mississippi River, it pre- 
beyond the fin (short or nonexistent in young); dor- fers quieter waters and swarms in the sluggish lower 
sal fin insertion slightly behind pelvic fin insertion; parts of that river (Miller 1960). It is essentially an 
anal fin rays 27-34. Caudal fin deeply forked. openwater species, usually living at or near the sur- 

Back and upper sides silvery blue, grading into sil- face. 
very and white on lower sides and belly. Shoulder If the oxygen supply is adequate, the species may 
spot prominent on young-of-year, becoming faint descend to depths of 33 m (108 ft), as in the Norris 
and disappearing early in second year of life. Reservoir in Tennessee (Miller 1960). In Green Bay 

Larvae separable from alewife larvae by ratio of during the summer and fall the gizzard shad is 
snout to vent length/SL, values ranging 0.87—0.81 for caught in pound, fyke, or gill nets set at 2-8 m (7-26 
gizzard shad larvae 3.5-19.5 mm SL (Lam and Roff ft). In Lake Michigan, gizzard shad are generally 
1977). caught within 1.6 km (1 mi) of shore and at depths of 

6-13 m (20-43 ft) (L. Wells, pers. comm.). 

DISTRIBUTION, STATUS, AND HABITAT 
The gizzard shad occurs in the Mississippi River and BIOLOGY 
Lake Michigan drainage basins. It has not been re- In southern Wisconsin spawning occurs from late 
ported from the Lake Superior drainage. In the Mis- April and early May to early August. The adults may 
sissippi system, it is present in the St. Croix River ascend smaller streams or ditches to spawn and the 
upstream to St. Croix Falls Dam, the lower stretches young are later abundant in such places if the gra-
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dient is sufficiently low (Miller 1960). Most popula- Spawning sites for the gizzard shad from Green 
tions inhabiting the warm-to-temperate waters of the Bay or Lake Michigan are unknown, but it is likely 
United States spawn at 10-21°C (50-70°F). that they may be similar to those described by Bodola 

According to Bodola (1966), only a few precocious (1966) for western Lake Erie. He observed shad 
male and female gizzard shad attain sexual maturity spawning at 19.5°C (67°F) or more over a sandy, rocky 
at age I. Almost all males and a good percentage of bar in 0.6-1.2 m (2-4 ft) of water. After spawning, 
females mature at age II, and only rarely are age-III the fish returned to deeper water. That Green Bay 
shad immature. Egg production is highest in the age- shad probably spawn in rivers is indicated by capture 
Il fish, averaging 378,990 per individual. of this species from the lower Fox River at De Pere 

During spawning the female is flanked on each (Brown County). 
side by males (Langlois 1954). Miller (1960:376) de- Not all mature eggs, according to observations of 
scribed the process: Bodola (1966), are expelled at the same time. Eggs 

which are not mature are held over for the next year, 

A group of males and females swimming near the surface and those which develop to the spawning stage too 
begin to roll and tumble about each other in a mass, the late to be expelled are resorbed. 
eggs and sperm being ejected during this activity. The The eggs hatch into larvae 3.5 mm long after 95 
sticky eggs slowly sink to the bottom or drift with the cur- hours at 16.1°C or 36 hours at 26.7°C. The move- 
rent, readily becoming attached to any object they may ments of the newly hatched gizzard shad were an 
contact. upward swimming and a downward settling—in 

each direction the head is foremost (Bodola 1966). 
The eggs, 0.75 mm diam, adhere to submerged This behavior continues for 3 or 4 days. On the fourth 
aquatic plants and stones. Most spawning occurs at day the fry begin to swim horizontally as well as up- 
night. ward and downward. Their mode of swimming at



Gizzard Shad 275 

this age, observed (in a petri dish) under a dissecting 279 to 404 mm (11-15.9 in) TL. These fish were prob- 
microscope, is largely by the pectoral fins which “vi- ably ages I-IV. A shad (UWSP 5427) from the Min- 
brated seemingly with the rapidity of the wings of a nesota River (Hennepin County, Minnesota), 392 mm 
bee in flight.” Walburg (1976) noted that the larvae and 943 g (15.4 in and 2.1 lb), is clearly age IV. A 483- 
are weak swimmers for at least several weeks after mm and 1.47-kg (19-in and 3.25-Ib) gizzard shad was 
hatching. caught from Lake Michigan in February 1979. Shad 

Young shad observed in an aquarium congregated in western Lake Erie (Bodola 1966) showed the fol- 
on the lighted side. They began feeding about the lowing growth: 
fifth day and during the fifth or sixth day after hatch- 
ing, green algae were recognized through the thin SL at End of Year of Life 
gut wall. By the 10th day they attained a length of (mm) 
slightly more than 6 mm (Bodola 1966). 1 2 3 4 5 

A 22-mm young-of-year was seined from the Mis- Males 141 273 313 343 349 
sissippi River (Crawford County) on 5 August 1976 biddibied na6 285 335 = 386 
(Wis. Fish Distrib. Study). 

“ Bodola found three fish of age VI, the oldest taken. 
Og Patriarche (1953) reported an age-X fish from Lake 
nee me Wappapello, Missouri. 

a e _ Trautman (1957) reported an unusually large fish 

“SS — “SS 521 mm and 1.6 kg (20.5 in and 3 Ib 7oz). In Wiscon- 
— a) sin a 483-mm, 1.5-kg (19-in, 3-Ib 4-0z) fish was caught 

Gizzard shad 22 mm TL, Mississippi R. (Crawford Co.) 5 Aug. from Lake Michigan Da February 1979. 
1976 (drawing by D. Becker) The earliest food of the gizzard shad appears to be 

protozoans (Bodola 1966). At about 20 mm, shad feed 

The annulus of the gizzard shad scale is a valid almost whole on the Te zooplankton. After the 
year mark and is laid down in May to July, a little ish grow to 30 mm, # ai oe 2 con ee 

later in the older fish than in the younger (Bodola io Dit Pt iiehie ~ E a a aie f - ora 
1966). Shad lengths remain practically constant from (p:421) noted that the gizzard shad are filter feeders: 

November until the time of annulus formation. ... They filter the water of whatever particulate matter it 
Christenson and Smith (1965) captured 716 gizzard contains. Shad captured in open waters contained mostly 

shad from a backwater area of the Mississippi River free-floating phytoplankton; those captured among the at- 
near Fountain City (Buffalo County), ranging from tached plants, such as Cladophora, Myriophyllum, and Cera- 

Growth of the Gizzard Shad in Wisconsin 

TL 

Age Novof = _imm)__ uwsp 
Date Class Fish Avg Range Calculated TL at Annulus Location No. 

10 July 0 13 53 39-67 Mississippi R. (Grant Co.) 032 

13 July 0 24 36 25-55 Green R. (Grant Co.) 027 

13 July 0 39 40 28-73 Wisconsin R. (Grant Co.) 026 

17 July 0 20 54 38-82 Wisconsin R. (Grant Co.) 028 
13 Sept. 0 3 116 103-132 Buffalo R. (Buffalo Co.) 3214 
19 Sept. 0 7 117. 99-127 Mississippi R. (Grant Co.) 3216 

20 Sept. 0 5 122 108-140 Wisconsin R. (Columbia Co.) 3125 

21 Sept. 0 18 46 34-73 Mississippi R. (Houston Co., Minn.) 3315 

23 Sept. 0 4 122 116-129 St. Croix R. (Pierce Co.) 4410 
24 Sept. 0 3 138 133-142 Mississippi R. (Grant Co.) 1465 

24 Sept. 0 12 147 115-166 Wisconsin R. (Grant Co.) 1509 

11 Oct. 0 10 140 120-160 Mississippi R. (Houston Co., Minn.) 3180 

2 May | 16 141 124-161 (Annulus not yet deposited) Mississippi R. (LaCrosse Co.) 1836 

May-Aug. | 4 176 167-186 120 Green Bay (Oconto Co.) 2473 

June-Sept. | 1 174 121 Green Bay (Brown Co.) 2391 

June-Sept. Ul 1 281 1-118; 1-272 Green Bay (Brown Co.) 2391 

June-Sept. I 1 296 1-110; 1-283 Green Bay (Door Co.) 2479 

6-13 June 1 276 1104; II-235 Green Bay (Oconto Co.) 2403 

aLate spawning—probably beginning Aug.
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tophyllum, ingested Cladocera, Copepoda, Rotifera, and that gizzard shad selected the coolest thermal region 
small aquatic insect larvae; those captured in very turbid available, ranging from 22.2 to 28.9°C (72-84°F), and 
waters were filled largely with mud. That they do, how- that they tended to avoid the warmer regions. 
ever, add to their diet from the bottom debris is evidenced 

by the presence in the gizzard of sand particles of diame- IMPORTANCE AND MANAGEMENT 

tere an excess Of 0.25:nm: This size of sand is not held in The gizzard shad is host to the glochidia of the mol- 
suspension even when the water is highly turbid. . . . The : ; Roca. ae 
taking of sand when food is plentiful suggests its use as an lusks Megalonaias gigantea, Elliptio dilatata, Anodonta 

aid in grinding by the gizzard—or that it may have been grandis, and Arcidens confragosa (Hart and Fuller 
taken accidentally along with food. 1974). 

. . . . . In the East, the gizzard shad has been taken on 
Depending on their abundance in the water in which hooks baited with angleworm, small minnow, or 

the fish are feeding, zooplankton or phytoplankton even an artificial fly, but the few caught from Wiscon- 
may predominate in the gut. Bodola noted that by sin waters are undoubtedly taken incidentally while 
the time the food reaches the intestine it has been fishing for other species. 

macerated and partially digested so that it resembles Generally the gizzard shad is considered a poor 

mud. This fact may explain the frequently heard ait fish, since the young are fragile and die quickly. 
statement that shad eat mud. But they have at times been gathered in large num- 

The gizzard becomes evident in the 22.5-mm stage bers for bait (Milwaukee Journal, January 1948): 
(Bodola 1966). In the adult it becomes a short, thick- 

walled muscular structure like the gizzard of a fowl; Durand, Wis.—Fishermen along the Chippewa River are 

the intestine is long and much convoluted, with nu- interested in the appearance of large schools of gizzard 
merous folds on its inner surface and hundreds of shad. Gathering bait in unfrozen parts of the river, fisher- 

pyloric caeca externally (Miller 1960). The presence of | men have been surprised at how quickly they can fill their 
sand in the gut when ingested food is plentiful and bait cans. The shad have come up the river from Lake Pepin 
its absence in winter when the gut is empty suggest and the Mississippi, where they are reported to have in- 

that it may be taken as an aid in grinding the food in ee By ihe fullions. 
: . long with the shad come flocks of seagulls to feed on 

the gizzard. In the gizzard, algal and zooplankton them. For a time the taking of shad was prohibited but the 
items are always somewhat broken up. ban has been lifted to permit bait fishermen to take them. 

Gizzard shad frequently travel in schools close to They cannot, however, be used in any other waters than 
the surface. When they are surprised they will skip the Chippewa River. 
over the surface of the water, a habit that has caused 
fishermen in some places to give them the name The gizzard shad is not esteemed as food by man 
“skipjack” (Eddy and Underhill 1974). Bodola (1966) because of its soft, rather tasteless flesh and numer- 
noted that young gizzard shad are found in shallow ous fine bones. In the past, however, there has been 
water and the older fish in deeper water; the very a limited market for this species where a cheap fish 
oldest are captured only during the spawning was sought (Miller 1960). According to reports in the 
season. literature, it has also been used as hog, cattle, and 

Severe winters limit the northern distribution of trout food, and has been converted to fertilizer. 
the gizzard shad. Gasaway (1970) observed large Young gizzard shad are important forage fish for 
numbers of dead young-of-year shad frozen in the sport and predator fishes. Hubbs (1934) spoke of 
ice during the winters from 1954 to 1957; few sur- them as “the most efficient biologically of all the for- 
vived the cold. Clark (1969) summarized temperature age fishes” because they are the short and efficient 
data for the gizzard shad as follows: preferred field link in the food chain that directly connects basic 
temperature, 22.8-23.9°C (73-75°F); satisfactory plant life with sport fishes. Young-of-year about 
growth, 33.9°C (93°F); upper lethal limit, 36.1°C 51-127 mm (2-5 in) long form a major part of the diet 
(97°F). In White River and Ipalco Discharge, Indiana, of at least 17 important sport fishes (Miller 1960), and 

the gizzard shad was captured at a temperature as in some parts of the country the periodic mortality of 
high as 37.5°C (99.5°F) (Proffitt and Benda 1971). the gizzard shad provides an important source of 
Clark noted that temperatures well below the lethal food for numerous species of waterfowl and wading 
limit may be in the stress range. Miller (1960) stated birds. 

that the species is particularly attracted by warm Bodola (1966) reported that in Lake Erie the value 
water flowing from industrial plants. In the Wabash of the gizzard shad as a forage fish is outweighed by 
River in Indiana, however, Gammon (1973) found the nuisance created when heavy mortality occurs
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and by the inconvenience caused to fishermen in The role of the gizzard shad in the ecology of fish 
whose nets they become entangled. populations is difficult to assess. Its value as a link in 

In some parts of its range, as in the East and the the food chain is not to be questioned. On the other 
South, the gizzard shad has reached pest numbers; hand, no use other than forage has been developed 

in some states reduction of the shad population is for shad, and their rapid growth soon makes them 
part of the fish management program. Under certain too large to be threatened by most predatory fish (Bo- 
conditions in warm, shallow bodies of water that dola 1966). Shad tend to overpopulate many waters 
have a soft mud bottom, high turbidity, and relatively to a degree that seems detrimental to other species. 
few predators, shad populations can explode and In experimental gill nets fished in Lake Pepin dur- 
create problems (Hubbs 1934). Miller (1960) observed ing October 1965, when a total of 1,541 fish of 24 spe- 

that under optimum conditions the gizzard shad is cies were collected, the gizzard shad was the fourth 
likely to get out of control, even if numbers of preda- most abundant species, constituting 8.2% of the 
tor sport fishes are present, and this is particularly catch. 
true if the species is not native to such waters.
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Mooneye Family— 
Hiodontidae 

The family Hiodontidae has one genus and only two species, both of 
which occur in Wisconsin. The mooneyes are North American in origin 
and distribution. 

The mooneyes or “toothed herrings” superficially resemble the her- 
rings in that they have adipose eyelids, a scaleless head, cycloid scales 
over the body, and a specialized scalelike projection, the axillary process, 
above the base of the pelvic fin. They differ in having a lateral line, 
prominent teeth, and the dorsal fin above the base of the anal fin rather 
than far forward. Also, the mooneyes lack the row of spiny scutes on the 
midventral ridge, so characteristic of the Clupeidae. 

The mooneyes are exclusively soft-rayed, and have a large swim blad- 
der and only a single pyloric caecum. The eggs are ovulated from the 
ovaries directly into the body cavity and are not conveyed through ovi- 
ducts, structures present in most bony fishes. The lack of oviducts is a 
primitive feature. 
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Goldeye 281 

Goldeye Sexual dimorphism: In mature male, anal fin with 
greatly expanded, round anterior lobe; in female, 
anal fin concave. 

Hiodon alosoides (Rafinesque). Hiodon—toothed hyoid; 
alosoides—shadlike, referring to the fish’s gen- DISTRIBUTION, STATUS, AND HABITAT 
eral shape and similarity to shad (Alosa, Clupei- The goldeye occurs only in the Mississippi River, the 
dae). (Amphiodon alosoides—Greene 1935). St. Croix River upstream to St. Croix Falls, and the 

Other common names: Winnipeg goldeye, western lower Chippewa and Wisconsin rivers. The majority 
goldeye, yellow herring, toothed herring, moon- of records are from Nord (1967) and P. W. Smith et al. 
eye, shad mooneye, northern mooneye. (1971). Two specimens (UWSP 4321) came from Pool 

9 in 1975; two others (UWSP 2700) probably came 
from Pool 8. R. Sternberg (pers. comm.) reported 17 

’ goldeyes from Lake Pepin (Pool 4) from 1967 to 1976 
aa co 4 and 21 fish from Pool 5 from 1971 to 1974. Nord con- 

oan i 0 a siders the goldeye uncommon in Pool 10. 

Bere ie mili The Wisconsin DNR Fish Distribution Study re- 
—_ ~ oo . ported: (3) Mississippi River T4N R6W Sec 10 (Grant 

2 i hig a County) 1974; (1) Wisconsin River—South Channel 

ri e T6N R6W Sec 15 (Grant County) 1977; (1) Wisconsin 

2 : River T8N R2E Sec 6 (lowa County) 1977; Wisconsin 

Adult male 372 mm, Wisconsin R. (Crawford Co.), 16 June 1977 River T8N R2E Sec 11 (lowa County) 1977; and Chip- 

pewa River T27N R10W Sec 35 (Eau Claire County) 

DESCRIPTION 1977. 
Body deep, depth into SL 2.8-3.3; greatest width The main distribution of the goldeye is in the west- 
into SL 8.3-12.5; midventral edge forming a fleshy ern prairie provinces and states and, at our latitude, 
keel (without serrate scales) from isthmus to vent. Wisconsin lies at the eastern edge of its distribution. 

Length 200-300 mm. Head scaleless, length into SL In Wyoming it is listed as rare and endangered 
4.3-5.0; eye into SL 14-19. Snout bluntly rounded; (Miller 1972). In the 1979 Wisconsin fishing regula- 
mouth large and oblique with maxillary reaching be- tions it is still classified as a rough fish, hence unpro- 

yond middle of pupil. Mouth well-toothed with tected. On the other hand, the Wisconsin DNR En- 

small, sharp teeth on upper and lower jaws and roof dangered Species Committee (1975) and Les (1979) 
of mouth; large, caninelike teeth on tongue. Gill rak- accord it threatened status in Wisconsin waters. 
ers short, thick, 15-17. Branchiostegal rays 8-10. This species frequents quiet, turbid waters of large 

Dorsal fin insertion above or slightly behind anal fin rivers, the small lakes, ponds, and marshes con- 
insertion. Dorsal fin principal rays 9-10; anal fin nected to them, and the muddy shallows of larger 
principal rays 29-34, base covered by 1-3 rows of lakes. According to Scott and Crossman (1973), it 

small scales. Pectoral fin 11-12 rays; pelvic fin 7 rays. overwinters in deeper areas of lakes and rivers and 
Lateral line complete, almost straight; scales 57-62. moves toward the shallow, firm-bottomed spawning 
Chromosomes 2n = 50 (Uyeno 1973). sites as the ice breaks up in the spring. 

Back dark blue to blue-green, upper sides and belly 
silvery to white. Iris of eye yellow. BIOLOGY 

Scott and Crossman (1973:329) provided the follow- 
anal fin ing spawning summary: 

Spawning occurs in the spring from May to the first week 
"“<G in July, starting just after the ice breaks up and continuing 

over a period of 3-6 weeks. During this period temperature 
is 50°-55°F (10.0°-12.8°C). It takes place in pools in turbid 
rivers or in backwater lakes and ponds to these rivers. The 
spawning act has never been seen because of the turbidity 

female of spawning sites, but it is assumed to take place at night. 
Se The small amount of sperm produced by the males sug- 

gests close approximation of single pairs during spawning. 
Females from 12 to 15 inches (305-381 mm) fork length con-
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tain 5,761-25,238 eggs, which are approximately 4 mm in to north throughout the geographic range of the spe- 
diameter after fertilization. Eggs contain a single, large oil cies. At our latitude some males may reach maturity 
globule, are steel-blue in colour when near maturity, trans- at age II, but the majority of the males and females 

lucent when shed and, unique among North American reach maturity at age III (Claflin 1963). According to 
freshwater fishes, are semibuoyant. phey hatch ‘i aboke Claflin, the testes of mature fish are very convoluted 
weeks. Newly: hatched larvaeiare just over 7mm. long at in the posterior region, and milt appears in isolated 
at first float vertically at the water surface. : e ; 

areas of the testes of ripe specimens. In the ripe fe- 
Eggs spawned 7 June in Lake Mamawi, Alberta, males, the ovaries fill much of the body cavity and 

hatched 19 June. Battle and Sprules (1960) described the eggs appear yellow because of their large fat con- 
the early developmental stages of the goldeye and tent. Spent females have few or no eggs but possess 
provided excellent drawings of postlarval young fish. an abundance of loose ovarian tissue in the body cav- 
The detailed caudal skeleton of a 19.5-mm fish was ity. Claflin surmised that the relatively sharp de- 
described by Cavender (1970). crease in growth in the third and fourth years of life 

Males reach maturity a year earlier than females, is probably associated with the attainment of sexual 
and the age at maturity tends to increase from south maturity. 

Calculated TL at the Annulus 

No. of ne 
Location Fish 1 2 3 4 5 6 7 8 9 Source 

S. Dak., Missouri R. 266 115 200 «266 «= 302, 326. 343 351358 Claflin (1963) 
Minn., Red Lakes 1165 104-211-287 «328-358-381 401. 421437 Grosslein and Smith (1959) 
Mississippi R., Pool 9 2 117° 197-229 288-317-340 UWSP 5321 
Mississippi R., Pool 8(?) 2 135 -225-««281. 333.356. 38145162 UWSP 2700
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In 17 goldeyes from Lake Pepin, the average that goldeyes are frequently surface feeders in shal- 
weight was 799 g (1.76 Ib), and the largest fish was low water (Grosslein and Smith 1959). In August 
498 mm (19.6 in) TL and weighed 1.36 kg (3.0 Ib). In 1939, Carlander (1969) found goldeyes feeding exclu- 
Pool 5, 21 fish averaged 386 g (0.85 Ib), and the larg- sively on grasshoppers in Upper Red Lake, Minne- 
est fish was 406 mm (16.0 in) TL and weighed 635 g sota. 
(1.4 Ib) (R. Sternberg, pers. comm.). Maximum 

known size is a fish reported from Ohio, 508 mm (20 
in) long weighing 1.42 kg (3 Ib 2 oz) (Trautman 1957). IMPORTANCE AND MANAGEMENT 

Maximum age reported by Elrod and Hassler (1971) Along the Mississippi River the goldeye and moon- 

is XIV. eye are generally classified as forage fish. They are 
This species is essentially nocturnal; the eyes, hav- eaten by northern pike, walleyes, birds, and mam- 

ing rods only, reflect light and are adapted to dim mals. 
light conditions and to turbid habitat. There is a The angling value of the goldeye is slight, al- 
yearly upstream migration in the spring prior to though the fish will occasionally rise to a fly or a small 
spawning (Eddy and Underhill 1974, Scott and spinner. In Canada the usual method for catching 
Crossman 1973); after spawning the adult fish con- goldeyes is to use a hook baited with insects or a small 

tinue upstream, apparently to feed (Scott and Cross- fish and held by a float about 30 cm below the sur- 

man 1973). There is a downstream migration in the face. On light tackle goldeyes are said to provide good 

fall, and the fish are probably inactive in winter; in sport (Scott and Crossman 1973). 

Canada, it has been observed that growth ceases dur- Reports concerning the palatability of the fresh 
ing that period (Scott and Crossman 1973). goldeye vary. It has been described as soft, bony, and 

Results from one study showed that 75% of the gray, but it has also been called an excellent food fish. 

oldest goldeyes were taken in midwater trawls within There seems to be general agreement, however, that 

5 m (16 ft) of the surface at night (Gasaway 1970). In smoked goldeye is a gourmet delicacy. This product, 

marshes around the Saskatchewan River, move- whether it comes from Canada or the border states, 

ments of young fish were greatest near sundown and is known as “Winnipeg goldeye,” and since 1930 the 

sunrise, and activity was generally greater at night demand has regularly exceeded the supply. Scott and 

than during the day (Grosslein and Smith 1959). Cre- Crossman (1973) quoted retail prices of from $3.28 to 
puscular movement was noted in the tailwater areas $4.40 per kilo for smoked goldeye and gave a lengthy 

of Gavin's Point Dam (T. Claflin, pers. comm.). discussion of its preparation. 
The optimum temperature range for the goldeye, The contribution of Wisconsin goldeyes as a food 

based upon selection and avoidance of thermal zones for human consumption is virtually nil, since the cap- 

at the Wabash and Cayuga segments in Indiana, was ture of goldeyes by commercial fishermen is rare. 

27-29°C (80.6—84.2°F) (Gammon 1973). Wisconsin goldeyes and mooneyes from the Missis- 

Food consists generally of almost any organism en- sippi River are combined in the catch statistics, and 

countered, ranging from surface insects, crustaceans, the 498 kg (1,098 Ib) reported for 1975 brought only 

and mollusks, to frogs, shrews, and mice. The gold- $0.13 per kilo to the commercial fisherman (Fernholz 

eye has been known to eat northern pike, trout- and Crawley 1976). 

perch, spottail shiner, yellow perch, log perch, other In the Mississippi River between Dubuque and 

darters, and ninespine and brook sticklebacks. Young- Burlington, Iowa, test nets in 1946 produced 84 gold- 

of-year feed mainly on microcrustaceans, with minor eyes (0.67% of total number of fish) from 64% of the 

amounts of insects and other invertebrates (Scott and stations sampled, averaging 246 mm (122-450 mm) 

Crossman 1973). TL. Barnickol and Starrett (1951) noted that the gold- 
In Pool 19 of the Mississippi River (Hoopes 1960), eye was not collected in sufficient numbers to indi- 

Hexagenia naiads constituted 56% of the contents of cate potential importance as a commercial fish in that 

the 44 goldeye stomachs collected; Potamyia flava lar- sector of the river. 

vae made up 19%. Immature Zygoptera and Odonata It has been demonstrated that this species is vul- 

and fish formed the bulk of the remaining contents. nerable to heavy fishing. The decline in numbers of 

In the Red Lakes, Minnesota, study, the principal goldeyes in the Red Lakes, Minnesota, is attributable 

food organisms were aquatic insects, both larval and to overfishing, and it was suggested entrapment gear 

adult. The common occurrence of noctuid moths and of some type be substituted for gill netting (Grosslein 

fireflies in the contents of goldeye stomachs suggests and Smith 1959).
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Mooneye River upstream to the Prairie du Sac Dam, and the 
Kickapoo River. In the Lake Michigan drainage it oc- 
curs in the Wolf, Embarrass, and lower Fox rivers, 

Hiodon tergisus Lesueur. Hiodon—toothed hyoid; ter- Lakes Poygan and Winnebago, and Green Bay. The 
gisus—polished, probably alluding to the fish’s first specimen from Lake Michigan, an adult 214 mm 
silvery coloring. (8.4 in) SL, was submitted for identification on 1 June 

Other common names: toothed herring, cisco, river 1922 by Smith Brothers, Port Washington (Van Oos- 
whitefish, notch-finned Hiodon, freshwater her- ten 1961). 

ring, white shad. The mooneye is endangered in Nebraska and 
South Dakota and rare in Michigan, Ohio, Vermont, 

and West Virginia (Miller 1972). In Wisconsin it is un- 
common to common except in Green Bay and Lake 
Michigan, where it is rare. 

The commercial statistics from the Mississippi 
wt ingen eMmn Ee Cre rman sg River indicate that the numbers of mooneye are de- 

v ea creasing there. There is evidence that both the range 

and the density of this species is shrinking as a result 
Te of increased silting (Trautman 1957, Scott and Cross- 

man 1973). 

The mooneye is a large-water form, inhabiting the 

Adult male 266 mm, Wisconsin R., near Orion (Richland Co.), 28 largest rivers and their interconnecting lakes. It pre- 
July 1962 fers waters low in turbidity and is less tolerant of 

silted habitats than the goldeye. 
DESCRIPTION 
Body deep, depth into SL 2.7-3.3; greatest width into BIOLOGY 

SL 6.9-8.8; midventral edge forming a fleshy keel Spawning occurs in April and May and probably 
(without serrate scales) from pelvic fins to vent. later when adults migrate in large numbers up large, 
Length 200-300 mm. Head scaleless, length into SL clear streams. On 17-19 May 1977 numbers of ripe 
4.2-4.8; eye into SL 14-15. Snout bluntly rounded; males and females were taken from the swifter sec- 
mouth slightly oblique with maxillary reaching, or tors of the Chippewa River between Eau Claire and 
just short of, middle of pupil. Mouth well-toothed Durand. The males were releasing milt and the fe- 
with small, sharp teeth on upper and lower jaws, and males blue-gray eggs on handling (D. Becker, pers. 
roof of mouth; small, caninelike teeth on tongue. Gill comm.). A female produces 10,000-20,000 eggs. 
rakers short, thick, 15-17. Branchiostegal rays 7-9, Mooneyes hatch at about 7 mm TL as protolarvae 
usually 8. Dorsal fin insertion in front of anal fin in- (Snyder and Douglas 1978). In eastern Lake Erie, Fish 
sertion. Dorsal fin principal rays 10-14, usually 12; (1932) found young at many places close inshore and 
anal fin principal rays 26-29, base usually covered at creek mouths. Larvae 12-15.5 mm long were taken 
by 2-3 rows of small scales. Pectoral fin rays 13-15; on 7 June at the surface in water 5-6 m (15-19 ft) 

pelvic fin rays usually 7. Lateral line complete, al- deep. The 6.5- and 14.2-mm stages were described 
most straight; scales 52-57. and illustrated by Fish. : 

Back steel blue, sides silvery, belly white. Iris of eye In western Lake Erie, mooneyes up to 39 mm long 
silvery. fed on entomostracans; those over 57 mm long, on 

Sexual dimorphism: In mature male, anal fin with insects and amphipods. The larger fish had taken 
greatly expanded, round anterior lobe; in female, anal their food largely from the surface of the water. Most 
fin concave (p. 281). of the insects had probably fallen into the water, but 

some were apparently caught in the act of emerging 
DISTRIBUTION, STATUS AND HABITAT or preparing to emerge. While most of the food of 
The mooneye occurs in the Mississippi River and fish 57-133 mm TL consisted of such insects, there 
Lake Michigan drainage basins. It is not known from were also some mayfly naiads (Hexagenia) and midge 

the Lake Superior system. It inhabits the Mississippi and caddisfly larvae (Boesel 1938). 
River, the St. Croix River upstream to the St. Croix The total stomach contents of 136 mooneyes from 
Dam, the lower Chippewa River and its tributaries, Pool 19 of the Mississippi River included 66% Hexa- 
the Eau Claire and Red Cedar rivers, the Wisconsin genia naiads and 17% Potamyia flava larvae (Hoopes
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1960). Immature Plecoptera, Diptera, and Odonata Erie mooneyes: 1—213mm (82 g), 2—244 mm (122 g), 
made up the remainder. 3—295 mm (230 g), 4—310 mm (292 g), 5—320 mm 

In addition to terrestrial and aquatic insects, (318 g), and 7— 333 mm (363 g). A 567-g (1-Ib 4-0z) 

mooneyes consume mollusks, crayfish, small fishes, fish was taken from the Wisconsin River in 1977. A 

plankton, rotten wood, elm seeds, and other vege- female from the Ohio drainage, 445 mm (17.5 in) TL, 

table trash (Forbes 1878, Scott and Crossman 1973, weighed 1.11 kg (2 lb 7 oz) (Trautman 1957). 

Trautman 1957). Virtually all mooneyes are taken at depths less than 
In five mooneyes (UWSP 1682) from the Wisconsin 11 m (35 ft) (Trautman 1957). In Indiana the optimum 

River (Richland County), the average TL calculated temperature range for the mooneye, based upon 
at each annulus was: 1—140 mm, 2—206 mm, 3— selection and avoidance of thermal zones at the 
260 mm, 4—304 mm, 5—362 mm. A Wolf River fe- Wabash and Cayuga segments, is 27.5-29°C (81.5- 
male (UWSP 5575), 474 mm TL and 547 g preserved 84.2°F) (Gammon 1973). On Lake Winnebago numer- 

(18.7 in, 1 Ib 3.3 oz) was in the 10th year of life. ous mooneyes are seen among the docks at Oshkosh 

A collection of 64 mooneyes from Pool 9 (Vernon on summer evenings. 
and Crawford counties) of the Mississippi River, 
sampled from 12 to 15 June 1979, had total lengths 

ranging from 222 to 362 mm and weights from 116 to IMPORTANCE AND MANAGEMENT 
546 g (P. Johnson, pers. comm.). The average lengths Occasionally a fisherman takes this species while an- 
of the age classes taken were as follows: I]—211 mm, gling for other species. The mooneye responds to ar- 
T1I—255 mm, IV—300 mm, and V—350 mm. tificial flies, lures, spinners, and minnows, and can 

Van Oosten (1961) gave the following calculated provide much action, especially on light tackle. On 
length and weight relationships for each age of Lake the Wolf River, the mooneye may be called “cisco,”
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and has been caught during the early walleye run in in the statistics (Fernholz and Crawley 1976). Since 
April. the goldeye is rare to uncommon, it represents only 

Generally the mooneye is of minor importance as a token portion of the total catch, and the figures which 
a food fish; its flesh is said to be dry, tasteless, and follow refer essentially to the mooneye. Statistics from 
filled with small bones. In the Lake Pepin area it has 1953 to 1959 show catches in excess of 4,500 kg (10,000 
been used locally for food—“only the dorsal part Ib) per year, with a high of 22,253 kg (49,058 Ib) in 
being retained in dressing” (Wagner 1908). The fish 058 Ib) in 1957. In the five-year period from 1971 to 
are smoked and marketed as smoked shiners; and 1957. In the 5-year period from 1971 to 1975, the catch 
when there are shortages of goldeye, the mooneye is was 1,455, 1,295, 999, 1,754, and 498 kg, per year. 
often smoked and sold as goldeye (Langlois 1954). The price to the commercial fisherman in 1975 was 

In the Wisconsin commercial catch from the Mis- $0.13 per kilo. The mooneye is taken with seine, gill 
sissippi River, mooneye and goldeye are combined net, setlines, and buffalo and trammel nets.



Trout Family— 
Salmonidae 

Nineteen species of trouts in five genera are known from Wisconsin. 
Of these, five species were established through the direct or indirect in- 
tervention of man. In the United States and Canada, 39 species in 7 gen- 
era are recognized (Robins et al. 1980). 

The salmonids are medium- to large-sized fishes, and all bear an adi- 

pose fin. If the mouth is large, it is well toothed; if small, almost tooth- 

less. The scales are cycloid. The body is scaled, the head scaleless, the 
lateral line present, and the pelvic axillary processes present. Pyloric 
caeca are well developed and numerous. 

Salmonids are freshwater fishes requiring low water temperatures. 
Some, like the Pacific salmon, are anadromous and move from large 
lakes up streams to spawn. 

The salmonids are among the most important sport and commercial 
fishes in the state and provide a greater return in dollar value from Lakes 
Michigan and Superior than any other family of fishes. Many of Wiscon- 
sin’s inland lakes and streams have important populations of native sal- 
monids and, where conditions are suitable, additional waters have been 

converted into salmonid holdings through an extensive stocking pro- 
gram. The public views salmonids as elite fishes, surviving only in cold 
and clean water. 

The family is composed of three subfamilies, two of which are known 

from Wisconsin: Salmoninae (p. 288) and Coregoninae (p. 333). A third, 

Thymallinae (p. 288), is represented by a single species which was na- 
tive to Upper and Lower Michigan and in recent prehistory was prob- 
ably present in Wisconsin waters. 
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Subfamily Thymallinae—Graylings 

The Thymallinae have 17 or more dorsal fin rays, large scales whose 
embedded margins are indented, premaxillaries and maxillaries toothed, 
small eggs, young with parr marks, and parietals meeting at the midline 
(Norden 1961). 

The arctic grayling, Thymallus arcticus (Pallas), once occupied the 
streams of the Lower Peninsula of Michigan from the Jordan River to the 
Muskegon River. The habitat of this fish in Michigan is essentially similar 
to that of the brook trout (Fukano et al. 1964). The eggs are laid in the 
shallows over sand and fine gravel. Aquatic insects and other inverte- 
brates are its principal foods. Three reasons for the extermination of this 
beautiful fish in Michigan have been advanced: elimination by anglers 
and lumbermen using illegal methods of capture, destruction of eggs and 
fry by running logs in spring, and introduction of trout as predators or 
competitors (Hubbs and Lagler 1964, Fukano et al. 1964, Becker 1976). 

Although the grayling is not native to Wisconsin, there have been nu- 
merous attempts to introduce it. Reports of the Commissioners of Fish- 
eries of Wisconsin from 1878 to 1881 referred to grayling held in the Mad- 
ison hatchery, but no stocking was recorded. In 1902, 180,000 fry were 
distributed from the Bayfield hatchery but no stocking locales were men- 
tioned. In 1906, 30,000 eggs or fry were planted either in Lake Nebaga- 
mon or the Brule River by N. Clay Pierce, who had an estate on the Brule 
River (Douglas County). In 1908, 50,000 fry were planted in the Namek- 
agon River at Cable (Bayfield County). The grayling was introduced into 
Mosquito Brook (Sawyer County) in 1937 and into Pine River (Waushara 
County) in 1938. No population was established anywhere. 

The absence of grayling in Wisconsin may be due to the widespread 
distribution of brook trout in all waters which would be suitable for the 
grayling. It is probable that these species are not compatible and that the 
more aggressive brook trout persists at the expense of the grayling. 

Subfamily Salmoninae—Salmon and Trout 

The Salmoninae have 16 or fewer dorsal fin rays, small rounded scales, 

large-toothed premaxillaries and maxillaries, usually large eggs, young 
usually with parr marks, and parietals separate at the midline. 

Wisconsin has only three native forms of this subfamily: brook trout, 
lake trout, and the fat lake trout (siscowet), all in the genus Salvelinus. 
Wisconsinites as well as residents of neighboring states have long been 
interested in coldwater fishes. Consequently, as early as the 1880s fish 
from Europe (brown trout), the East Coast (Atlantic salmon), and the 
West (rainbow trout, cutthroat trout, coho salmon, chinook salmon, pink 

salmon, kokanee) were being introduced into Wisconsin waters. Some of 

these (brown and rainbow trouts) took hold quickly and were soon re-
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producing naturally in their new habitats. Others have demonstrated at 
least partial adaptability (coho and pink salmon). In addition, a number 
of hatcheries and holding ponds in Wisconsin are producing millions of 
eggs, fingerlings, and yearlings of almost all species to meet the popular 
demand for bigger and better fishing. 

The lake trout was for many years the mainstay of the commercial 
fishery of Lakes Michigan and Superior. With millions of kilograms being 
produced annually, the lake trout provided the state with an important 
food industry until the sea lamprey (in the 1940s and 1950s) destroyed it 
in Lake Michigan and seriously reduced it in Lake Superior. To this day 
the fishery is still depleted. 

The brook trout is the favorite fish of thousands of Wisconsin anglers, 

and over 12,900 km (8,000 mi) of trout water are now listed for Wisconsin 
(Kmiotek 1974). All Wisconsin trout streams have recently been classified 
into three categories: Class 1—streams with conditions favorable for 
natural reproduction, with little or no stocking of hatchery fish needed 
to maintain good fishing; Class 2—streams with some native trout but 
fewer than can make use of the available food and space, with moderate 

to heavy stocking needed; Class 3—streams with marginal trout habitat, 
with stocking of legal-size trout necessary to provide trout fishing. Un- 
fortunately, the maintenance of trout habitat does not correlate well with 
a growth in human population. Our native brook trout waters are dete- 
riorating rapidly in some areas, especially in southern and eastern Wis- 
consin. In some headwaters, brook trout springs are guarded as irre- 
placeable treasures. 

Opening weekend of the fishing season on many good trout streams 
consists of little more than elbow-to-elbow fishing and tangled lines. 
Even so, snagging for salmon and trout in those streams of Lake Michi- 
gan where they had been planted a few months earlier offers special 
rewards. The return in fish flesh for the investment in stocking is un- 
usually high—about 7 kilos for every kilo stocked. The salmonids, espe- 
cially in Lake Michigan, grow quickly on alewives and the other forage 
fishes available. During the early 1970s large cohos and chinooks were 
caught daily; several times during each season fish surpassed previous 
records. 

It was not always so. After the sea lamprey destroyed the lake trout in 
Lake Michican (about 1955), the lake was nearly devoid of predators and 
was dominated by alewives. In 1965 the U.S. Fish and Wildlife Service 
began a massive reintroduction of lake trout, the traditional predator. 
Downs (1974:8) describes what followed: 

A year later, Michigan began to stock another predator fish that would patrol 
the upper and middle depths—the coho salmon. Within four years, 10.3 million 
coho “yearlings” had been released. Other Lake Michigan states joined enthu- 
siastically in stocking these fish, bringing the total to 15.8 million fish by 
19725, « sive 

In the fall of 1967, a virulent epidemic of “coho fever” struck in Michigan. 
Reports of three year old coho spawning off Frankfort and Manistee brought 
over 150,000 fishermen swarming to the water's edge. Despite storm warnings, 
nearly 6,000 vessels of all shapes and sizes headed out into the lake. A sudden
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squall with nearly 15-foot waves capsized over 200 boats, and authorities con- 
sidered it a minor miracle that only seven fishermen drowned. 

Other imports, such as the chinook salmon and lake-run rainbow trout, 

have been stocked heavily in recent years and provide a bountiful har- 
vest. 

Meanwhile, the pink salmon, accidentally introduced into Lake Supe- 
rior in 1956 at Thunder Bay, Ontario, had begun its long trek down the 
North Shore, infiltrating tributary streams of southern Lake Superior and 
northern Lakes Huron and Michigan. A species once considered unsuit- 
able for introduction into the Great Lakes, it has become a successful 
exotic entirely on its own. 

The stocking of kokanee (Oncorhynchus nerka) has met with little suc- 
cess in the Great Lakes basin (Becker 1976). A 283-mm, 207-g (11.2-in, 

7.3-02) male in breeding coloration was caught through the ice of a Lang- 
lade County lake in December 1976; apparently this individual was the 
product of private stocking. The status of this population is unknown. 

Recent stocking of Atlantic salmon (Salmo salar) in the Lake Michigan 
basin has occurred primarily in streams of lower Michigan (Becker 1976). 
Smolts were stocked in the Boyne River each year from 1972 to 1974 and 
in the Platte River in 1974. Individuals from these plantings have ap- 
peared in Wisconsin waters, and several fish have been trolled in Lake 

Michigan off Manitowoc and Sheboygan shores. On 17 August 1976, a 
88-cm, 6.15-kg (34.5-in, 13-Ib 9-oz) Atlantic salmon was taken off Sheboy- 
gan (P. Schultz, pers. comm.). The state of Wisconsin attempted an At- 
lantic salmon release program in the Lake Superior basin. In 1972, the 
Department of Natural Resources imported 20,000 2- and 3-year-old At- 
lantic salmon from a private hatchery in Quebec to its Bayfield hatchery; 
and in 1973, 20,000 2-year-olds. These were released in Pike’s Creek (Bay- 

field County). Through 1974, no Atlantic salmon were verified as having 
been caught in Wisconsin waters; however, one was taken off Marquette, 
Michigan, in the spring of 1974 (King and Swanson 1975). In 1978, 50,000 
yearlings were released (J. Klingbiel, pers. comm.). 

The revitalization of Lake Michigan with salmonine fish has been 
documented by Wells and McLain (1973) and Downs (1974); of Lake Su- 
perior, by Lawrie and Rahrer (1973) and Downs (1976). 

The importation and restoration of these important fishes has brought 
many economic benefits. They have given new life to an ailing charter 
boat fishery and to the food and lodging industry along the lakes. 

Unfortunately, fish and man are now threatened by man-made chemi- 
cals in the environment. DDT, dieldrin, PCBs, and other poisonous com- 
pounds reach the water and through biological magnification concen- 
trate in the largest, oldest, and most valuable salmonid fishes.
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Brown Trout brown trout with gray-silvery sheen, markings be- 
coming an irregular pattern of dark crosses or checks 
on back and sides and gradually fading toward the 

Salmo trutta Linnaeus. Salmo—Latin name for the belly. Young up to 125 mm with tip of chin pale or 
salmon of the Atlantic; trutta—Latin for trout. with a dusky patch or speckles much lighter than the 

Other common names: German brown trout, Ger- pigment of eye; adipose fin orange; 7-10 distinct pale 
man trout, Von Behr trout, English brown trout, round spots along lateral line; dark speckling on ab- 
Loch Leven trout, European brown trout, domen. 
brownie, spotted trout. Sexual dimorphism: Male lacking breeding tu- 

bercles, but developing hook on lower jaw at spawn- 
ing. Female lacking breeding tubercles and hook on 

a lower jaw. 
ee Hybrids: Brown trout x rainbow trout, brown trout 

— , ~ a. x brook trout. 
a, eet StH es. 2 The tiger trout, the brown trout x brook trout hy- 
a ps brid, is an extremely handsome fish, marked like a 

— 3 .— , tii, zebra, tiger, or giraffe, and apparently is less suscep- 

: tible to fungus mortality, which is related to spawn- 
ing stress. This hybrid is sterile. The tiger trout is a 

Young-of-year 63 mm, Evergreen Cr. (Menominee Co.), 19 July naturally occurring fish hybrid and has been taken 
1966 from Little South Branch of the Pike River (Marinette 

County) (UWSP 3780 and 4482); Peterson Creek 

E (Waupaca County); Tomorrow River (UWSP 1779 and 

3572) and Emmons Creek (Portage County); Lunch 

* Creek (UWSP 3543), Mecan River, West Branch White 

River, and Big Roche Cri Creek (Waushara County); 
Poe en 4 ey 3 Hatchery Creek (Sawyer County) (Sather and Threi- 

ee = 2 nen 1968); and Spring Creek (Chippewa County). 

_ Ten thousand hatchery-produced tiger trout were re- 
leased in Door County waters of Lake Michigan in 
late September 1973. A 6.1-kg (13-lb 7-0z) tiger trout 

Adult 225 mm, Crystal R. (Waupaca Co.), 24 Sept. 1971 was caught in Lake Michigan off Kewaunee (Kewau- 

nee County) on 25 July 1976; a 7.7-kg (17-Ib) fish, off 
DESCRIPTION Sheboygan on 2 August 1977; and a 9.44-kg (20-Ib 13- 
Body streamlined, laterally compressed. Adult stocky; oz) fish, from the Sheboygan pier on 12 August 1978 
caudal peduncle short and deep. Average size (age (Sheboygan County). 
II) inland 310 mm and 317 g, Lake Michigan 546 mm 

and 2.5 kg, Lake Superior 498 mm and 1.55 kg. Head DISTRIBUTION, STATUS, AND HABITAT 

into TL about 4.3; mouth terminal, slightly oblique, The brown trout occurs throughout Wisconsin and in 
large. Maxillary extending to below posterior edge of all boundary waters except the Mississippi River. For 
eye or beyond; teeth well developed on upper and detailed distribution see Kmiotek (1974). 
lower jaws. Gill rakers 14-17. Branchiostegal rays This species was introduced into the United States 
usually 10. Dorsal fin rays 12-14; anal fin rays 10-12; from Central Europe in 1883. In 1887, Wisconsin im- 
pelvic fin rays 9-10. Lateral line scales 120-130. Py- ported 1,000 European brown trout eggs, which were 
loric caeca 30-60. Chromosomes 2n = 80 (Svardson hatched at the Bayfield Fish Hatchery. The Loch 
1945). Leven or Scotch brown trout was first introduced 

Inland brown trout brown to olive-brown shading into the United States from Scotland at approxi- 
to lighter brown on sides and creamy white below. mately the same time. These two subspecies were 
Dorsal fin, back and sides above lateral line with crossbred and developed until the present strains 
large dark spots (each surrounded with light border). known as the brown trout resulted (O. Brynildson et 
Few or no spots on caudal fin. Adipose fin orange to al. 1963). 
orange-red. Sides usually marked with prominent The brown trout is common in coldwater streams 
red spots with light borders. Migratory or lake-run of southern and central Wisconsin and in recent
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years has assumed a larger role in stream fishing in BIOLOGY 
northern Wisconsin. Although it has established self- The brown trout spawns from October to December 
perpetuating populations in most waters, in Lakes in waters ranging in size from large streams to small 
Michigan and Superior it is largely maintained by ex- spring-fed tributaries, at depths of 15-61 cm (6-24 in). 
tensive stocking. Its future appears secure in Wis- O. Brynildson et al. (1963:5) noted: 
consin. 

The brown trout is best suited to waters rendered _ Seepage water is frequently present at or near the redd 
uninhabitable for brook trout because of increased Sue. ae eae 8 jocated a niles OF N the fips of pools te 
summer temperatures and turbidity due to defores- insure adequate circulation of water through-theedd. The " a ay a moving water brings oxygen to eggs and prevents deposit 
tation and agricultural activities. Streams containing A P i : of silt which may suffocate them. Brown trout will spawn 
both adult wild brook and brown trout may have in areas where freezing winter water temperatures occur. 
mostly brook trout in the shallow headwaters and But in areas where spring and seepage water is lacking, 
brown trout in the deeper, slower, and warmer water many eggs are killed. 

downstream. Frequencies of bottom types most com- 
monly associated with this species were mud 10%, The female excavates a saucer-shaped redd, or nest, 
silt 15%, sand 21%, gravel 27%, rubble 14%, boulders in the gravel bottom of the stream. In streams where 
8%. The average width of streams where the brown there is no gravel, spawning has occurred in areas of 
trout has been found are: 1-3 m (25%), 3.1-6 m sand or hard clay particles. 
(28%), 6.1-12 m (25%), 12.1-24 m (19%), and 24.1-50 m The following account of spawning behavior of 
(4%). brown trout in the Brule River (Douglas County) was 

In the Great Lakes this species is found along the provided by A. Salli (pers. comm.). The female se- 
shore in relatively shallow water, seldom more than lects the site and builds the nest, and a single attend- 
15 m (50 ft) deep. ing male defends the nest (probably only 1 in 100
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males will help in nest construction). The nest is con- speaking, the fish seemed tolerant of one another at 
structed through a process called “cutting,” during that time. 
which the pair of trout intermittently engage in Lake spawning has been reported from Lake Su- 
courtship behavior. The male and female lie side by perior on rocky reefs along the shore (Eddy and Un- 
side or the male quivers (the male approaches the fe- derhill 1974), and in Lake Michigan (Daly 1968b) 
male from behind, turns his ventral side toward her, along rocky and rubble-filled areas. Daly noted that 
and quivers—“The sound produced is like that of a the fish were so heavily concentrated in these areas 
partridge taking off”). This spurs the female on with that aggressive action and fighting occurred among 
further nest construction. The female tests the nest, the males. 
and when she is ready, she drops into the nest; then In 1968, Daly observed that brown trout did not 
the male moves up, their mouths gape, and the ga- enter streams to spawn, largely because of low water 
metes are shed in a 4-second orgasm. The female flow. Unlike the salmon, the brown trout does not 

moves to the head of the nest and for half an hour die after spawning, and an individual typically 
cuts to cover the fertilized eggs. The male has to be spawns more than once. 
present to stimulate the female to cut. During a 1-day The number of eggs deposited by the female 
observation period, at least 88 cuts (cutting periods) ranges from 400 to 2,000 or more, and is in propor- 
were engaged in by the female, and there were 102 tion to her size. A migratory brown trout weighing 
courtship quivers (vibrations) by the male. Ten hours 3.81 kg (8.4 Ib) had a total egg production of 7,500 
after the first spawning, a second spawning occurs. (Niemuth 1967). At 10.6°C (51°F) the young will hatch 
Salli observed no predation on eggs. in 48-52 days. Needham (1969) noted that in water 

In the Brule River, the peak period for spawning at 13.9°C (57°F) 30-33 days are required for hatching. 
occurs between mid-October and mid-November, Growth of this species is rapid (O. Brynildson et 
with water temperatures ranging from about 12.8° to al. 1963): 
1.7°C (55° to 35°F) (Niemuth 1967). Depth of water in 
which the nests are located ranges from 15 to 122 cm ES) 
(6 to 48 in). The simple nest used by a pair of trout is 2 ! i WM 

: (6 (17 (29 (41 
usual, but Niemuth also reported construction of mos) ios) *irea) ios) 

large “community” nests: SouisaWikcorsin, = =323)3)|CCCSCOSSOO CS 

TL (mm) 124 259 345 421 
. .. Through the individual efforts of a number of fish WT (g) 7 176 434 811 

spawning closely together no distinct nest was formed, but 
a large, deep excavation and tailspill resulted. Laterally Northern Wisconsin 

. : TL (mm) 107 193 274 330 
some of these community redds were several feet wide and Wr (g) +4 Bs 201 3Eo 
the pit three or four feet deep. It was not uncommon to see ne 
from 6 to 12 large trout at a time in a community redd. 
These larger redds were built in areas where the water as , . 
well as the gravel was deeper (p. 40). Wild brown trout may mature after their second 

summer of life. In southern Wisconsin, some males 
This species is considered intolerant of crowding are mature by October when they are 20 months old 

with others of its kind, and spacing between indi- and 305 mm (12 in) long. In northern Wisconsin, 
viduals is normally observed. At certain times, how- brown trout generally do not mature until after their 
ever, there seem to be exceptions to this intolerance. third summer of life unless they are growing as rap- 
Niemuth stated that after spawning it is not uncom- idly as their counterparts in southern Wisconsin. 
mon to see from 25 to 50 large brown trout in a single Growth of the migratory brown trout in the Brule 
pool. He also observed brown trout moving up- River (Niemuth 1967) is shown in the table below. 
stream together in schools, spawning together, and Migratory brown trout in the Brule River spend the 
moving downstream in collective groups. He ob- first 2 years of life in the river, leaving the parent 
served some “spawning commotion,” but generally stream either late in the second year or early in the 

Age Class 

ll \V Vv vl 
Males Females Males Females Males Females Females 

TL (mm) 498 480 572 554 630 627 721 
WT (kg) 1.55 1.36 2.22 2.04 2.99 2.99 4.45
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third year of life. The most rapid growth occurs in and lampreys. The brown trout has a reputation for 

early summer during their first year in the lake envi- eating more fish than other trout species (O. Brynild- 
ronment; little growth occurs during the winter. Most son et al. 1963). 
brown trout in the spawning population are 3 or 4 There are records of a brown trout having con- 
years old. There is no evidence of younger migratory sumed a snapping turtle about the size of a silver 
brown trout entering the river on a prespawning run, dollar; of a 20-cm (8-in) mink in a 1.59-kg (3.5-Ib) trout, 
as has been found in migratory rainbows. and of a bluegill stuck in the throat of a helpless 3.8- 

Brown trout released into Lake Michigan in 1966 kg (8-Ib 5-oz) trout. Underhill caught a 35.6-cm (14- 

exhibited the same phenomenal growth as other sal- in) brown trout that contained seven medium-sized 
monid species (Daly 1968b). Age-I, hatchery-raised crayfish; the tail of the last victim still protruded from 
fish were released in spring at 200 mm (8 in) and the trout’s esophagus, “yet the glutton tried to take 
113 g (4 02); the following spring these trout (age II) an imitation minnow” (Eddy and Underhill 1974). 

measured 445 mm (17.5 in) and 1.59 kg (3.5 Ib); 5 Peak feeding temperature for the brown trout is 15.6°C 
months later (after the second growing season in (60°F). 
the lake), they averaged 546 mm (21.5 in) and 2.5 kg Newly stocked yearling brown trout in Lake Michi- 

(5.5 Ib). gan initially inhabit water 3-15 m (10-50 ft) deep. As 
Brown trout in Nebish Lake (Vilas County) averaged they grow and mature, they tend to move inshore 

373 mm and 524 kg (14.7 in, 1 Ib 2.5 oz) at 28 months into relatively shallow water (Daly 1968b). 
of age (O. Brynildson and Kempinger 1973). The secretive habits of the brown trout make its 

The coefficient of condition (length-weight rela- presence almost unnoticed in many streams. These 
tionship) of brown trout usually declines during the fish are generally inactive during the day, hiding in 
winter months in northern Wisconsin streams, al- the depths of a pool or under some brush or an un- 
though in southern Wisconsin the average is gener- dercut bank. More active feeding occurs in the eve- 
ally high and uniform throughout the year. ning, night, and early morning. Brown trout will tol- 

A 762-mm, 6.58-kg (30-in, 14-Ib 8-oz) brown trout erate, without apparent difficulty, high turbidities for 

was caught from the Rush River (Pierce County) on short periods of time, and therefore are permanent 
5 May 1974. In Lake Michigan during 1971, a 787- residents of many streams in southwestern Wiscon- 
mm, 8.9-kg (31-in, 19-Ib 11-0z) fish was caught at Cave sin which flood their banks (O. Brynildson et al. 
Point (Door County), and in August 1978 a 14.74-kg 1963). 
(32-Ib 8-0z) fish was caught off Fox Point (Milwaukee Wild brown trout have been observed to disperse 
County). In the Lake Superior basin, a 874-mm 10.43- above and below the area where they were hatched. 
kg (34.4-in, 23-lb) fish was captured from the Little Fingerlings marked in such a spawning area were 
Brule River by electrofishing in 1961; on 24 May 1971, found scattered in limited numbers a year later up to 
a 13.41-kg (29-Ib 9-0z) fish was captured from Lake 16 km (10 mi) below where they were marked and 
Superior in Bayfield County. The record brown trout, released. Hatchery-reared brown trout stocked as 
weighing 17.92 kg (39.5 lb), came from Loch Awe, yearlings moved extensively downstream after being 
Scotland, more than a century ago. Longevity may released in late March and early April when water 
be 18 or more years (Brown 1957, 1:368). levels and temperatures were unstable. During early 

In lakes, zooplankton is an important food for the summer or autumn, however, when water levels and 

smaller brown trout, although leeches, snails, pill- temperatures were more stable in the same streams, 

clams, crayfish, freshwater shrimp, mayfly nymphs, the trout tended to move upstream from points of 
and midge larvae are also eaten. release (O. Brynildson et al. 1963). Stocked finger- 

In Mt. Vernon and Black Earth creeks in southern lings moved mainly upstream. 
Wisconsin, brown trout feed mainly on aquatic inver- Some migratory brown trout moved up the Brule 
tebrates during the cold months, whereas during the River at a rate of 6.5 km (4 mi) per day despite elec- 
warm months a large part of their diet consists of ter- trical shock, handling, and tagging in the lower river 
restrial insects and worms. Results of one study in- (Niemuth 1967:18): 

dicated that brown trout up to 229 mm (9 in) in The available information suggests that brown trout enter- 

length appear to be insect feeders, but as they grow ing the Brule tend to move upstream through the lower 
larger they turn to a crayfish and fish diet. Almost one-third of the river rather quickly. Even though many 
70% of the diets of the largest brown trout are com- trout continue their movement upstream, there is a definite 
posed of young trout, sculpins, minnows, darters, tendency for many brown trout to “bunch up” and remain
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in the slower, quieter water, and deeper pools found in the trout infected. He reported that the fungus invaded 
“meadows” area. This is particularly true in late summer the lesions and scrapes produced by aggressive ac- 

and early fall prior to spawning. tions of the males, and that the females develop fun- 

Niemuth noted that brown trout movement is gen- gus on the head and tail regions as a result of nest- 
erally greatest when a rise in water level occurs, min- building activities. cociieh ; 
imal during bright, sunny days, and increased on The brown trout is highly esteemed asa food fish. 

darker nights. The flesh is delicate and superior to the rainbow trout 

Brown trout (avg wt 1.04 kg) released in the Wis- for eating. Its color ranges from white to pink, de- 

consin waters of Lake Michigan (Daly 1968b) tended Pending on age and diet of the fish. Generally, pinker 
to remain within 24.2 km (15 mi) of point of release. meat is a characteristic of older and larger trout. 
After 1 year in the lake, however, some individuals No other fish is considered as intelligent as a large 

had ranged as far as 323 km (200 mi) south to Wau- brown trout or as difficult to catch. Larger browns are 

kegan, Illinois, and across the lake to Muskegon, especially wary of the fisherman’s hook, With skill, 

Michigan. however, an angler may take them on either natural 
The most active temperature range for this species or artificial bait. Dry flies get good results, especially 

is 10-18.3°C (50-65°F). The following temperatures in early morning, late afternoon, and evening. Wet 

were reported by Clark (1969): preferred temperature flies and nymphs, creepers, and sundry imitations of 
range in the laboratory generally for younger fish, larval aquatic insects are used extensively. Small 
11.7-17.8°C (53-64°F), and recommendations by the spinners ahead of wet flies and small metal spoons 

Federal Water Pollution Control Administration for are often used, especially in the early Spring OF when 
satisfactory growth 20°C (68°F) and for spawning the water is somewhat turbid. In midsummer and 
12.2°C (54°F). The upper lethal limit is 25.6°C (78°F), fall, when the water is low and clear, small flies at- 

although the stress range may be well below that tached to long, tapered leaders are very effective 

limit. Embody (1922) reported brown trout with- (Harlan and Speaker 1956). 

standing 28.5°C (83.3°F) briefly, and Needham (1969) ; 
noted that they will survive temperatures up to Oe 
27.2°C (81°F). Needham also cited Hewitt, who told = TID a 

of finding brown trout buried in gravel beds with <. Wee oe es 
only their dorsal fins showing, apparently in an effort Pa hs § eS 
to avoid uncomfortably high temperatures. The mini- vA & yy pie Ss ~ . 
mum dissolved oxygen tolerated at 20°C (68°F) is ap- % Ee a Maer Jog eS: a a es — 

proximately 5 ppm; at lower temperatures lower oxy- eee SN we /) 
gen concentrations can be tolerated. Oa LAS a), 

Brown trout are frequently associated with the fol- Ot ae — é lowing species: blacknose dace, mottled sculpin, _— x Ey a 
white sucker, creek chub, common shiner, bluntnose : [> \ 
minnow, northern brook lamprey, and American oe 
brook lamprey. Other species occurring in brown ee 
trout water include the redside dace, fathead min- ; : 

now, northern redbelly dace, johnny darter, and the Brown trout:(Wisconsin: DNR photo) 
longnose dace. Blacknose dace and mottled sculpin 
are considered “trout indicator” species. In lakes the brown trout is not as attracted to lan- 

tern fishing as is the rainbow trout (O. Brynildson 
IMPORTANCE AND MANAGEMENT and Kempinger 1973). Brown trout are taken by troll- 
Although man is no doubt the adult brown trout’s ing, even during the day, and in Lake Michigan they 
principal predator, otters, mergansers, and water are caught offshore in shallow water. 
snakes also take a toll. Dam-building by beavers re- In Lake Superior from 1943 to 1955 a number of the 
sults in impounding, and thus warming, waters in large, migratory browns were harvested by commer- 
which the trout live, making them less suitable as cial fishermen as “Sebago salmon” (Niemuth 1967); 

habitat. approximately 4,082 kg (9,000 Ib) were harvested in 
Heavy mortalities in lake-run brown trout have 1950 and a similar amount in 1955. Since then this 

been caused by Saprolegnia, a parasitic fungus. In one species has been legal only for the sport fisherman. 
spawning location, Daly (1968b) found 76% of the In 1974 the average length of the trout that were



296 = Trout Family—Salmonidae 

taken was 467 mm (18.4 in); the total catch weighed numbers and weight to levels greater than those be- 
6,348 kg (13,994 lb) (King and Swanson 1975); in the fore the trout kill. 

same year 104,995 yearlings (14 per kg) were stocked In coulee streams of southwestern Wisconsin, se- 
in the Wisconsin waters of Lake Superior. In 1976, vere flooding prevented the trout population from 
the sport fishery harvest in Lake Superior included reaching a high level of production; flash flooding 
4,399 brown trout weighing 3,991 kg (8,800 Ib) and and extended periods of turbidity were very detri- 
in 1977, 1,943 fish weighing 1,763 kg (3,900 Ib) (Sport mental to the trout population, especially yearling 
Fish. Instit. Bull. No. 293, April 1978, p. 7). and young-of-year fish. (Frankenberger and Fassben- 

In Lake Michigan the sport fishery catch of brown der 1967). In Bohemian Valley habitat management 
trout dropped from 25,000 fish in 1972 to 15,000 in techniques increased carrying capacity. 
1973. Reasons for this decline are not clear, but one Considerable research has been devoted to the 

item which may be partly responsible is the notice- stocking and harvesting of the brown trout. In the 
able decline of alewives—a food for the brown Lower Willow River (St. Croix County), fall fingerling 
trout—along the beaches of Lake Michigan where in stocking at high densities indicated overwinter sur- 
other years they had always been plentiful. (Daly et vival from 20 to 26% (Frankenberger 1969). Cost 
al. 1974). In 1973 most brown trout were taken by analysis on a per fish basis revealed that spring stock- 
trolling (43%), followed by pier (24%), shore (18%), ing of legal brown trout in numbers equal to the 

and stream (15%) fishing. number of fall fingerling survivors would have been 
The habitat requirements of the brown trout are significantly cheaper and would have provided the 

not as stringent as those of the native brook trout. As angler with substantially larger fish. 
its habitat deteriorates and water temperatures be- Poisoning Nebish Lake (Vilas County) with rote- 
come warmer, the brook trout may be seriously re- none for the removal of all fish and stocking with 
duced in numbers or disappear. Habitat unsuitable 4,500 fingerling brown trout and 4,500 fingerling 
for brook trout, however, may be favorable to sup- rainbow resulted in a sport fishery harvest of trout 
porting a good brown trout population, which may flesh of 779 and 1,799 kg (1,717 and 3,965 lb), respec- 
fill in the vacancy left by the native brook trout and tively (O. Brynildson and Kempinger 1973). For 
continue to provide fishing. Moreover, the brown every kilogram of brown trout stocked there was a 
trout reaches a greater size than the brook trout and return of 5.2 kg to the creel. Six years after the initial 
provides more trophy fishing. stocking, an identical stocking was undertaken (Av- 

Some investigators have found that under certain ery 1975), but the lake then contained adult small- 
stream conditions habitat alteration can be an effec- mouth bass and an abundant, slow-growing yellow 
tive tool for increasing trout numbers and angler perch population. A month after the second stock- 

harvest (White and Brynildson 1967, Hunt 1969). ing, large smallmouth bass captured in fyke nets re- 
Habitat alteration that is done on relatively undam- gurgitated half-a-dozen fingerling trout during han- 

aged streams, such as McKenzie Creek, and that dling. Only one brown trout was captured during the 
mainly increases cover (such as installation of cur- next year, none appeared in the total angler harvest, 

rent deflectors and cover devices, bank revetment, and survival of fingerling trout in the lake was essen- 
brush felling, and removal of beaver dams) will tially nil after 5/2 months. 

probably not be rewarded by dramatic increases in Stocking both brown and rainbow trout in Nebish 

the number of catchable-sized brown trout (Lowry Lake had the advantage of offering the angler good 
1971). But improving a sector of the Kinnickinnic River fishing for large rainbow trout for 2 years and for 

(St. Croix County) through fencing, planting vegeta- large brown trout for 4 years after only one stocking. 
tion, and installing of instream and bank stabiliza- Where rapid production of fish flesh for the creel is 

tion devices resulted in a total trout population which not the goal and prolonged harvest of trout at lower 

quadrupled itself; in an unimproved section, the fishing intensity is, brown trout should be stocked 
population remained static (Frankenberger 1968). for future “quality” trout fishing. 

A dramatic recovery to former wild brown trout Because female brown trout do not reach spawn- 
levels was demonstrated in Black Earth Creek, where ing size until their third autumn (age II), Hunt (1975) 
high mortality occurred because of organic pollution recommended establishing a size limit of at least 8 in 
(O. Brynildson and Mason 1975). Three years after a (203 mm) statewide, or even a higher limit of perhaps 
new sewage plant began operating in April 1968, the 10 in (254 mm) for the southern half of the state. 
population had regained its original density, and Although in general introduction of the brown 
after 4 years the wild brown trout had increased in trout to our waters has been considered beneficial,
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there are nonetheless problems. W. C. Harris ex- trout stocking program have been reviewed above. It 
pressed some of these (cited by Eddy and Surber is a fact, however, that the presence of an exotic spe- 
1947:107): cies, the brown trout, has contributed directly to the 

The brown trout has lost popularity among numbers of en a acl is pm co sa _ ‘ native wnoee 
American fishing clubs and anglers because of its rapid FOUY fepeclany Were Nap at conditions ‘are mar 
growth, large size, and consequent ability and inclination ginal for the brook trout. 
to devastate waters in which our smaller trouts live. Being Although the brown trout appears to have a place 
able to exist and thrive in waters of a higher temperature in our Wisconsin waters, its propagation and devel- 
than is adapted to other trouts, they should never be opment should be thoughtfully limited. For instance, 
placed in streams which the latter inhabit. True, most, if it seems unrealistic for fish management to destroy 
not all, of our native salmonoids are cannibals, in fresh or an entire native fish fauna in some of our waters to 

salt water; but owing to the size of the brown trouts and promote this species. This is precisely what has been 
the practice of putting them in comparatively small and done in many locales through mass poisoning pro- 
shallow trout streams, where they can ravage at will on cedures. The loss may not appear great now, but this 
fontinalis, planting of them should be discountenanced may well be because of'our lack of knowledge. We 

and discontinued. 5 ‘ 
have not adequately determined the functions and 

Although Harris took an extreme view, he was cor- interrelations of our native fishes, or their potential 
rect in many particulars. The advantages of a brown value in the aquatic ecosystem.
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Rainbow Trout Hybrids: Rainbow trout x brown trout, rainbow 
trout x brook trout, rainbow trout x lake trout 
(Schwartz 1972). 

Salmo gairdneri Richardson. Salmo—Latin name for the 
salmon of the Atlantic; gairdneri—after Dr. Mer- DISTRIBUTION, STATUS, AND HABITAT 

edith Gairdner, a naturalist in the employ of the The rainbow trout has been introduced statewide 

Hudson's Bay Company. (Kmiotek 1974) into many streams and lakes. 
Other common names: rainbow, steelhead trout, In 1872 the first rainbow trout were propagated 

steelhead, Kamloops trout, coast rainbow trout, from imported spawn in private ponds, and 20,000 
silver trout, Pacific trout, red-sided trout. were reportedly liberated in Lake Geneva and the 

a as Madison lakes (Scott 1937). State hatcheries were 
_ ————— son established and by 1885-1886, 600,000 to 

Le oa. - . ad 620,000 were planted at Mondovi, Juda, Mineral 

— Point, Merrill, Milwaukee, Bloomer, Chippewa Falls, 
READ ; . Crandon, Crivitz, Elkhart Lake, and Pine River. 

: Seats one Pasta asia tenet The rainbow trout is common locally in streams 
es Perales vane EL : and lakes over the state. Although it is continuously 
ee SS stocked in Lake Superior and its tributaries, self-per- 

petuating populations do occur in some large tribu- 
taries. In Lake Michigan its presence is dependent on 

Adult (Wisconsin DNR photo) continued stocking, and natural reproduction is in- 

significant. Of all our trout species, the rainbow trout 
DESCRIPTION is the most tolerant of high water temperatures. 
Body streamlined, laterally compressed. Average size This species prefers fast, whitewater sections of 
in Lake Michigan 635-686 mm, 2.3-4.5 kg (25-27 in, cool streams; however, it adapts readily to softwater, 
5-10 Ib), in Lake Superior 533 mm, 1.68 kg (21 in, 3.7 deep inland lakes. In Lakes Michigan and Superior it 

Ib). Head into TL about 5; mouth terminal, slightly has a preference for shoal water 4.6-10.7 m (15-35 ft) 
oblique, large. Maxillary usually extending beyond deep (Daly 1968a) and is apt to be found in a stream 
eye; teeth well developed on upper and lower jaws. influence area or near a peninsula. Although many 
Gill rakers 16-22. Branchiostegal rays 9-13. Dorsal fin of our streams carry stocked rainbow trout, condi- 

rays 10-12; anal fin rays 8-12; pelvic fin rays 9-10; tions in them are not necessarily suitable for natural 
pectoral fin rays 11-17. Lateral line scales 100-150. reproduction. 
Pyloric caeca 27-80. Chromosomes 2n = 60 (Roberts 
1967). BIOLOGY 
Adult blue to blue-green to brown on back, top of The general life cycle of this species requires a stream 

head, and upper sides; sides silvery to gray, some- for spawning and early development, and a sea or 

times with a broad, faint pink to rose stripe; many large lake for maturation. Spawning occurs in the 
small dark or black spots mostly above lateral line, spring, and the rainbow parr generally spend the next 
underparts whitish. Dorsal and caudal fins with rows 2 years of their lives in the parent stream, and then 

of dark spots, adipose fin with black border and a migrate to a large body of water. Here, 2 or more years 
few spots. Large, migratory adult (steelhead) of the are spent in maturation, followed by migration up the 
Great Lakes and their tributaries, lustrous blue and parent stream to spawn. 
silvery (often only faintly spotted). Young blue to The following spawning information comes from 

green on back, whitish on sides and belly; 5-10 dark Breder and Rosen (1966). The rainbow trout spawns 
marks on back between head and dorsal fin, and 5- on a rising temperature not later than 1030 hr or ear- 
10 dark oval parr marks, the spaces between the lier than 1630 hr. After darkness there is little activity 
marks wider than the parr marks: some small dark in either nest-building or spawning. The female 
spots above but not below lateral line, black border alone engages in the construction of the nest, which 

of adipose fin with one or no breaks; dorsal fin with _ is similar to that of the brook trout and may take as 
a white to orange tip and a dark leading edge. long as 2 days to excavate. The nest size is propor- 

Sexual dimorphism: Male lacking breeding tu- tional to the size of the maker—larger than the fe- 
bercles, but developing hook on lower jaw at spawn- male making it and deeper than her greatest body 
ing. Female lacking breeding tubercles and hook on depth. Courtship consists of a vibratory performace 
lower jaw. in which the male touches the female with his snout
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and stiffens and vibrates his body. The second phase trout spawning occurs in the fall; rainbow spawning 

is a simple nudging in the side of the female by the starts toward the end of March and continues into 

male. The third is a side-to-side swimming of the May, peaking in mid-April, depending on weather 

male over the female when she is resting at the bot- conditions and the spring break-up. The primary 

tom of the nest pit. Both male and female defend the spawning grounds in the Brule are located south of 

nest against other fish; the male’s vigorous defense is U.S. Highway 2. Four- and 5-year-olds make up the 

against intruders from downstream or the side; the bulk of the actual spawners. During the period of 

female’s, from upstream. In the spawning act, two greatest spawning activity, water temperatures range 

males are typically present, one on either side of the from 5 to 13°C (41 to 55°F). In prime areas, fish spawn 

female (p. 109): in close proximity to one another with nests con- 

. a / structed close together. Niemuth reported that “some 
As they come into place, with fins spread against the bot- fighting and other spawning commotion takes place, 
a they a ae ne = Seen to - eae but the fish seem to tolerate each other and the close- 

wedged. against the female; tie tal's'ot Ye grouped ness of other neighboring fish does not seem to cause 
close contact. The force of the current, acting against the t : Iti t t hunayed 

open mouth of each male, is transmitted into a strong pres- an agonism. 1s no uneonumnenn 0 see a. MunGred.OF 

sure against the sides of the female as the three fish remain more spawning rainbows in a relatively short stretch 

motionless for approximately five to eight seconds. of the river. . . .” He also observed larger nests; it ap- 
peared as though a number of individuals used the 

Spawning in the Brule River was documented by same area and had constructed a community nest. 

Niemuth (1970). The major spawning areas for mi- R. Hunt (pers. comm.) refers to these as due to “su- 

gratory rainbows are located in areas almost identical perimposition”: several females spawning succes- 
to those used by the migratory brown trout. Brown sively at approximately the same ideal location.
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In the Lake Michigan basin, spawning and nest- In 1968, a 6.35-kg (14-Ib) rainbow trout was caught 

building was observed in Whitefish Bay Creek (Door below the North Avenue dam in the Milwaukee 

County) and Little Scarboro and Stony creeks (Ke- River. On 3 August 1973, a 9.3-kg (20.5-Ib) rainbow 

waunee County) (Daly 1968a, Avery 1974b). trout was taken by trolling in Lake Michigan 15 km 

Niemuth (1970) counted 2,200 eggs in a 432-mm (9 mi) off Fox Point at a depth of approximately 14 m 

(17-in) female and 3,800 in a 559-mm (22-in) female (45 ft). A few days later on 19 August 1973, an 11-kg 

weighing 1.86 kg (4.1 Ib). The incubation period var- (24-Ib 4-0z) trout was taken off Sheboygan at a depth 

ies with water temperature, averaging about 80 days of 21 m (70 ft). 

at 4.4°C (40°F) and 19 days at 15.6°C (60°F) (Embody Excellent rainbow growth has been seen in inland 

1934). Embryonic and larval development is dis- lakes as well. Age-0 rainbow trout were stocked into 

cussed by Knight (1963), who noted that eggs held at Nebish Lake (Vilas County), a softwater lake which 

a constant 12.2°C (54°F) hatch in 23 days. The fry are had been poisoned with rotenone to remove all resi- 

about 18 mm long at hatching and 24 mm when they dent fish (O. Brynildson and Kempinger 1973). 
begin emerging from the gravel 2-3 weeks later Average total lengths and weights of trout captured 

(Wales 1941). by electrofishing, nets, and anglers (1967-1970) were: 

In migratory rainbow trout, growth in the stream age 0 (June)—91 mm, 0.008 kg; age 0 (November)— 
during the first 2 years of life is slow. In Little Scar- 284 mm, 0.24 kg; age I—396 mm, 0.67 kg; age II—480 

boro Creek, age-0 fish averaged 64 mm (2.5 in) in Au- mm, 1.36 kg; age III—493 mm, 1.38 kg. The fall- 

gust and 86 mm (3.4 in) in October (Avery 1974b). In hatched rainbow trout, 28 months old, averaged 417 

an April sample, age-I fish were 102 mm (4.0 in) TL; mm (16.4 in) TL in May. A similar rate of growth was 
II, 163 mm (6.4 in); III, 226 mm (8.9 in). The average recorded for winter-hatched rainbow trout released 
length of age-0 rainbow trout in Black River, Michi- as May and June fingerlings in neighboring softwater 
gan, during the period from September through No- Weber Lake (Burdick and Cooper 1956). 
vember was 74 mm (2.9 in) (Stauffer 1972). Rainbow trout stocked in Black Earth Creek in June 

Most rainbow trout observed in Avery's study mi- at 76-127 mm TL averaged 241 mm (9.5 in) the fol- 
grated from Little Scarboro Creek at age I, sometime lowing April (O. Brynildson et al. 1966). 
between early April and late August. A small seg- Average growth of rainbow trout in Nebish Lake 
ment of the population remained to migrate at age at all ages was better than the average growth of 
IL, and a few individuals apparently never left the rainbow and brown trout in most other Wisconsin 
stream. In the Brule River, Niemuth (1970) found that streams (O. Brynildson and Christenson 1961, O. Bry- 

most rainbow trout migrated at age II (range TL 157— nildson et al. 1966, Mason et al. 1966) and in inland 

274 mm), but peak downstream movement still oc- lakes (O. Brynildson 1958, O. Brynildson and Chris- 

curred in May and June. tenson 1961, Mason et al. 1966). 

The lengths and weights of migratory adult rain- Rainbow growth varies greatly among waters, the 
bow in the Brule River for the period 1961-1965 (Nie- sizes ranging from those in small streams where 
muth 1970) are given in the table below. adults rarely reach 203 mm (8 in), to those in Lakes 

In Lake Michigan the growth of stocked age-I rain- Superior and Michigan, where individuals exceed 

bow trout has been phenomenal (Daly 1968a). The 4.5-6.8 kg (10-15 Ib). Rainbows can live as long as 
total lengths and weights for the known age groups 7-11 years, depending on strain and locality, but few 
are: I—203 mm, 0.11 kg; II—432 mm, 0.68 kg; IIJ— live more than 6. 

635 mm, 2.27 kg; IV—686 mm, 4.54 kg; V—737 mm, This species eats a wide variety of foods, depend- 

5.90 kg; VI—813 mm, 7.26 kg. Ages II through VI ing largely on availability. Immature and adult aquatic 

represent 1 through 5 years of growth in Lake Mich- insects (principally caddisflies, mayflies, and dipter- 
igan. Rainbow trout weighing 2.27 kg (5 Ib) in May ans), zooplankton, terrestrial insects, and fish are 
increased to 3.2-3.6 kg (7-8 lb) by August, or a gain usually the most significant foods, although their 
of 0.9-1.4 kg (2-3 Ib) in 4 months. relative importance varies greatly between waters 

Age Class 

fn \V v vl Vil 
Both Sexes Males Females Males Females Males Females Females 

TL (mm) 361 483 486 579 574 630 650 734 
WT (kg) 0.54 1.18 1.23 1.95 1.95 2.63 3.04 4.85 

No. of Fish 203 72 107 97 130 7 31 2
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and seasons (McAfee 1966). Other foods which are Movement was greatest at times of declining water 
eaten less extensively, but which may be important levels. Although the peak of the exodus for parr rain- 
locally at certain times, are oligochaetes, mollusks, bows occurs in May, June, and early July, there seems 
fish eggs, amphipods, and algae. Unlike other North to be a continuous trickle downstream throughout 
American trout, rainbows occasionally eat consider- the summer and into the fall months. In the Black 
able quantities of vegetation, including algae and River, Michigan, Stauffer (1972) noted that most 
higher aquatic plants. downstream migration occurred between 21 May 

In Lake Michigan the alewife is the rainbow’s pri- and 30 June, at night, on subsiding water levels at 

mary food: one 3.63-kg (8-lb) rainbow contained the water temperatures of 9-17°C (48.2-62.6°F). 
remains of 38 partially digested alewives (Daly 1968a). A Brule River rainbow was caught in the Traverse 

QO. Brynildson and Kempinger (1973) suggested River, Michigan, over 323 km (200 mi) on a straight- 
that, for rapid growth, rainbow trout should be line measurement from the Brule River (Niemuth 
stocked in Daphnia-rich lakes; i.e., those lakes con- 1970). Another was taken over 161 km (100 mi) away, 
taining at least 10 1-mm-and-larger Daphnia per liter. at the mouth of the Kodonce River of Minnesota’s 
Studies demonstrated that rainbow trout 178-432 North Shore. Rainbows tagged in the Wisconsin wa- 
mm (7-17 in) TL (O. Brynildson 1958, 1960, 1961, ters of Lake Michigan (Daly 1968a) were recovered 
1969) preyed mainly on crustaceans 1 mm and larger. from streams in eastern Lake Michigan, as far south 
In other Wisconsin lakes Daphnia was the major as the Indiana shore, and in Lake Huron (as far south 
planktonic crustacean consumed by rainbow trout as Saginaw Bay). Trout in spawning condition tagged 
(W. E. Johnson and Hasler 1954). in one stream have left that stream and ascended an- 

Stocked rainbow trout in a northern Wisconsin other stream where they were caught by anglers. 
spring pond fed upon immature chironomids, corix- Stream quality did not apparently have any bearing 
ids, snails, and zooplankton (Carline et al. 1976). on such movement: trout tagged and released in Hib- 
Whenever Daphnia were available, they were con- bard’s Creek were captured in Stony Creek a month 
sumed in large numbers. Although forage fish were later, and the reverse occurred just as often. 

abundant in the pond, they did not constitute a sig- Of all the trout, the rainbow is the most tolerant of 
nificant part of the trout’s diet. a wide range of temperatures, from about 0.0 to 

This species has the reputation of being very mo- 28.3°C (32-83°) (Embody 1934). When water tem- 
bile. Young fish have a strong tendency to move peratures are below 21.1°C (70°F), rainbow trout are 
downstream, which has often resulted in the com- usually near the surface, but as the upper layers be- 
plete loss of rainbows shortly after they are stocked come warmer, they move downward, tending to con- 
in a stream. centrate at levels between 15.6 and 21.1°C (60-70°F). 

Migratory rainbows arrive in the Brule River from Although they prefer well-oxygenated water, they 
September to October and do not leave again until can survive at very low oxygen levels, especially at 
the following spring (April and May) (Niemuth lower temperatures and after longer periods of accli- 
1970). After spawning they tend to move down- mation. For example, for wild New York rainbows 
stream out of the spawning areas and eventually out averaging 97 mm (3% in), mean lethal oxygen con- 
of the river. Although there is a spring run from Lake centrations ranged from 1.05 ppm at 11.1°C (52°F) to 
Superior for spawning, the fall-run rainbows consti- 1.51 ppm at 20°C (68°F) (Burdick et al. 1954). Rain- 
tute the backbone of the spawning population. Other bows do well in water of varying pH, ranging from 
smaller tributary streams, however, are known to at least 5.8 to 9.5. 

have only spring rainbow spawning runs (e.g., Pikes 
Creek, Bayfield County). IMPORTANCE AND MANAGEMENT 
Movement upstream in the fall migration is grad- Numerous animals prey on the rainbow trout, in- 

ual from pool to pool and from one run to another cluding crayfish, insects, sculpins, black bass, trout, 
(Niemuth 1970). The fish are usually most active dur- kingfisher, great blue heron, merganser, osprey, ot- 
ing times of subdued light (cloudy days or towards ter, raccoon, and bear (McAfee 1966b). Carline et al. 
dark) or at night, and when the water is relatively (1976) suggested that kingfishers and—to a lesser de- 
high and turbid. gree—great blue herons are a major factor influenc- 

According to Niemuth, downstream movement of ing trout survival in a northern Wisconsin spring 
smolts (age 1) was greatest at water temperatures of pond. Since the lamprey eradication program has 
13.3-20°C (56—68°F). Very limited activity was noted been in effect, the incidence of lamprey scarring on 
when water temperatures were below 8.9°C (48°F). rainbows is very low. Niemuth (1970) noted that only
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9 of more than 700 migratory rainbows handled bore stocked. In the late 1950s Crystal Lake in Vilas 
lamprey scars or wounds, and these were confined County was stocked with Kamloops trout. Nonmi- 
primarily to larger fish (avg 540 mm). gratory strains of trout have been placed in streams 

There is no trout of comparable size that surpasses in hopes of establishing permanent populations. In 
the rainbow in fighting qualities. Anglers like the Wisconsin and other places, a strain of rainbow trout 
rainbow because it is less wary than the brown trout, that spawns in the fall has been developed, primarily 
prefers faster water, and puts up a spectacular fight. for hatchery production (Niemuth 1970). Spawning 
It is a fine fish for eating—baked, fried, or smoked; has been induced prematurely in trout with the aid 
however, many consider it the least delectable of the of pituitary glands of carp (Hasler et al. 1939). Some 
trout. male rainbows of hatchery origin may reach maturity 

This species has been taken with a variety of baits. in the fall, but most of the hatchery-stocked rainbows 
Stream fishermen catch rainbows on worms, insects, revert back to spring spawning characteristics when 
artificial flies, and minnows. Migratory trout are stocked in lakes and streams. 
most often caught on salmon eggs or metal lures. In The rapid growth of trout in softwater Lake Nebish 
the big lakes they have been trolled for with boats or (Vilas County) demonstrates that such lakes can sup- 
taken by spincasting from piers and breakwaters. In port fast-growing stocks if their production capacities 
inland lakes a high percentage are caught at night by are not taxed by large populations of stunted panfish 
anglers stillfishing with corn, cheese, mayfly nymphs, (O. Brynildson and Kempinger 1973). In 1966 Lake 
and worms under the glare of gas lanterns. Nebish was poisoned with rotenone to remove all 

A voluntary creel census conducted on the Brule resident fish and stocked the following year with 4,500 
River during 1962-1964 resulted in the registration of young-of-year rainbow trout. During the next 4% 
938 rainbows weighing a total of 1,569 kg (3,458 Ib). years, 15 kg of rainbow trout were harvested by an- 
The average length registered was 528 mm (20.8 in), glers for each kilogram stocked. In nearby Weber 
and the average weight was 1.68 kg (3.7 lb). The larg- Lake (also a rotenone-treated lake), the stocking/har- 

est fish was 808 mm (31.8 in), and the heaviest was vest ratio was 4.4 kg harvested for each kilogram of 

6.12 kg (13.5 Ib) (Niemuth 1970). In 1974, rainbow rainbow stocked (Burdick and Cooper 1956). In 1973 

trout caught in the Lake Superior sport fishery (King Avery (1975) restocked Nebish Lake with 4,500 rain- 
and Swanson 1975) weighed 9,181 kg (20,240 Ib) and bow trout fingerlings, but by then there were small- 
constituted 29.4% of the harvest by weight. In 1976 mouth bass and numerous slow-growing yellow 
the sport fishery harvest included 10,940 rainbow perch in the lake. Almost all of the trout died during 

trout weighing a total of 12,406 kg (27,351 Ib), and in the first 5/2 months after they were put into the lake, 
1977 the 7,647 harvested fish weighed a total of 8,671 and Avery suggested that stocking in a “two-story” 
kg (19,117 Ib) (Sport Fish. Instit. Bull. No. 293, April lake with a competing fish population was inadvisa- 
1978, p. 7). ble, partly, at least, because of fish predation. 

In Lake Michigan the initial stocking of rainbow Overstocking trout in some waters may lead to 
trout was made directly into selected streams to ac- fewer returns. In a spring pond in Shawano County, 
climate the fish before they entered the lake and to Carline et al. (1976) determined that stocking with 
develop a tendency for homing to the stream of re- more than 100 kg/ha of trout resulted in a negative 
lease (Daly 1968a). This procedure was discontinued overwinter change in survival and biomass; when fall 
after the first year because so many of the newly stocking was less than 100 kg/ha, overwinter growth 
stocked fish were caught by fishermen before they rates and survival would be high and biomass would 
got to Lake Michigan. Rainbows are now stocked di- increase. 
rectly into Lake Michigan at selected planting sites When domesticated brown and rainbow trout 
from Kenosha County northward. In Lake Michigan, were released in Nebish Lake, Black Earth Creek, 
rainbows finished a strong third in the creel in 1973, and Devil's Lake as June fingerlings or as April year- 
behind lake trout and coho salmon (Daly et al. 1974). lings, production of the rainbow trout was greater, 
Almost 33,000 were taken, mostly from the central mainly because they survived better than the brown 
and northern portions of the Wisconsin shoreline, trout. When the trout were stocked in lakes, the 
about one-third of them by trolling. growth of the rainbow trout was more rapid than the 
Much experimental work in rainbow trout man- growth of the brown trout (O. Brynildson et al. 1966, 

agement has been carried on in Wisconsin. A number C. Brynildson et al. 1970, O. Brynildson and Kempin- 
of strains of rainbow trout have been imported and ger 1973). When both brown and rainbow trout were
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stocked in Nebish Lake at the same time, anglers nid growth can follow wholesale destruction by poi- 
were subsequently able to fish for large rainbow trout soning of the intrinsic fish population of a lake, and 
for 2 years and for large brown trout for 4 years. it has also been shown that such benefits are gener- 

Rainbow trout in inland streams are easily caught ally short-lived. For each apparent success there are 
and, with the current size limit of 6 in (152 mm), they a number of demonstrable failures. Since manage- 
are often eliminated in many waters before reaching ment plans are still experimental, care must be exer- 
reproductive size. Female rainbow trout do not attain cised to assure that the natural system will not be 
spawning size until their third autumn (age II), when disturbed to the loss of native fishes and other orga- 
they are approximately 254-305 mm (10-12 in) long. nisms that may occur from the poisoning. The integ- 
A size limit of at least 8 in (203 mm) statewide or, for rity of the natural system in every body of water is of 
the southern half of the state, a limit of perhaps 10 top priority in any well-conceived management pro- 
in (254 mm) has been proposed by Hunt (1975). gram. 

It has been demonstrated that remarkable salmo-
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Pink Salmon plus fingerlings (1955 year-class) from the hatchery 

at Port Arthur, Ontario, were disposed of into the 

Current River, which flows into Lake Superior. By 

Oncorhynchus gorbuscha (Walbaum). Oncorhynchus— 1975 the pink salmon had distributed itself through- 

hooked snout; gorbuscha—Russian name for this out Lake Superior and northern Lakes Huron and 

fish in Alaska. Michigan (Wagner 1976). It has spawned in 5 Wis- 

Other common names: pink, humpback salmon, consin and 32 Michigan streams tributary to Lake 

humpback. Superior, 2 Michigan streams tributary to Lake Hu- 

ron, and 6 Michigan streams tributary to Lake Mich- 

igan. 
The first Wisconsin record (UWSP 5049) was a male 

collected with electrofishing gear 91 m (100 yards) 
é upstream from the mouth of Little Sioux River (Bay- 

- ed field County) on 10 September 1971. 
SS ag : In Wisconsin the pink salmon has been reported 
Se from the following streams (upstream distance in pa- 

. : rentheses): Onion River (0.8 km), Sioux River (1.6 
km) and its tributary, the Little Sioux River (0.8 km), 

Adult male 402 mm, Little Sioux R. (Bayfield Co.), 10 Sept. 1971 and Fish Creek (8.1 km), all of Bayfield County; Mon- 
treal River (1.6 km) of Iron County (King et al. 1976). 
In the Lake Michigan basin it was reported in 1973 

DESCRIPTION from the Ford River (Delta County, Michigan) less 
Body streamlined, laterally compressed. Average size than 40 km from Door County, Wisconsin. In Septem- 
in Great Lakes 419 mm (16.5 in) TL. Head into TL 5 ber 1977, a pink salmon, more than 483 mm long and 

(less in breeding males). Eye small; snout greatly weighing 964 g (more than 19 in, and weighing 2 Ib 
elongated; mouth terminal, slightly oblique, large. 2 oz), was taken by angling below the Peshtigo Dam 
Maxillary extending beyond eye; teeth well devel- in the Peshtigo River (Marinette Eagle-Star 7 March 
oped on upper and lower jaws. Gill rakers 24-35. 1978). This is the first Wisconsin record for the Lake 
Branchiostegal rays 9-15. Dorsal fin rays 10-15; anal Michigan basin. 
fin rays 13-19; pelvic fin rays 9-11; pectoral fin rays During its maturation period the pink salmon of 
14-17. Lateral line scales 147-205. Pyloric caeca 95- the Great Lakes is a pelagic species, occurring in 
224. Chromosomes 2n = 52 (Roberts 1967). open water near the surface, seldom at the bottom. 

Adult steel blue to blue-green on back, sides sil- Upon maturation it moves up tributary streams until 
very, belly white; large dark spots (some as large as it finds a gravel area suitable for spawning. 
eye diameter) on back, upper sides, and on both 
lobes of caudal fin. Breeding males with head and BIOLOGY 
back darker, sides pale red with brown to olive green The pink salmon follows a 2-year cycle: each genera- 
blotches. Young blue-green on back, sides silvery, tion begins with the deposition of eggs and ends with 
lacking parr marks, fins without black spots. the death of the spawning adult 2 years later. The 

Sexual dimorphism: Breeding male lacking breed- strain in the Great Lakes is known as an “odd-year 
ing tubercles but with prolonged hooked snout, line,” spawning every odd year, e.g., 1957, 1959, 1961, 
mouth much deformed and gaping, and large hump although an even-year spawning occurred in a Min- 
before dorsal fin. Female lacking breeding tubercles, nesota stream in 1976 (R. Daly, pers. comm.). 
hooked snout, deformed mouth, or hump before Spawning begins during the second week of Sep- 
dorsal fin. tember and is completed by the first week in October. 

Hybrids: Pink salmon x chinook salmon, pink Generally, spawning salmon are observed only in the 
salmon X coho salmon, pink salmon x sockeye first gravel area upstream from the mouth of the 
salmon (Schwartz 1972). stream (Wagner and Stauffer 1975). In some Wiscon- 

sin streams tributary to Lake Superior, upstream mi- 

DISTRIBUTION, STATUS, AND HABITAT gration may exceed 8 km (5 mi); in the Sturgeon River 
The successful, although accidental, introduction of (Houghton County, Michigan) salmon runs of 65-81 
this species into the Great Lakes is documented by km (40-50 mi) have been reported (Wagner 1976). In 
Schumacher and Eddy (1960), Schumacher and Hale the Peshtigo River (Marinette County) upstream mi- 
(1962), and Parsons (1973). In 1956 about 21,000 sur- gration is more than 15 km (9 mi).
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The following generalized spawning information is number of eggs in 12 females from Lakes Superior 
taken from Scott and Crossman (1973). Spawning of and Michigan was 1,161 (829-1,566) (Wagner 1976). 
early runs occurs at temperatures as high as 16°C The eggs are about 6 mm diam and orange-red in 

(60.8°F) but spawnings of later runs peak at 10°C color. The spawning adults die within a few days or 

(50°F). The males are territorial and are aggressive to- weeks. Depending on water temperature, hatching 
ward other males; this trait is less highly developed occurs from late December to late February. The 
in females. The female prepares the nest, an excava- hatchlings, called alevins, have large yolks, and re- 
tion in medium-sized gravel, 915 mm (3 ft) long and main in the gravel until the yolk is absorbed in April 
up to 457 mm (1.5 ft) deep, in about 305-610 mm (1-2 and early May; then they struggle up out of the nest 
ft) of water. The female lies on her side and beats and become free swimming. At that stage they are 

vigorously with her tail to remove silt and light 33-38 mm long; they move downstream into the lake, 

gravel until she gets down to a firm gravel bed. Sev- either at night, when they are displaced by the cur- 

eral males may spawn with a single female in one rent, or during the day when, as some reports sug- 

nest, a female may build more than one nest, and a gest, they may school and move actively down- 

single male may spawn with more than one female. stream. 
Spawning usually occurs at night. The spawning fish After two growing seasons in the lake, they seek 
settle near the center of the nest, their mouths gape out a stream in which to spawn. On the West Coast 
widely, and eggs and sperm are released during vig- the size of returning adults varies from 0.9 to 6.4 kg 

orous vibration. After spawning, the female covers (2-14 Ib), averaging 1.8 kg (4 Ib). In the Great Lakes 

the eggs by digging (for 2-3 hr) at the upstream edge the adults are small at maturity. In a 1973 sample 

of the nest, which causes gravel to partly fill the nest. from Lake Superior, 53 fish averaged 411 mm (16.2 

About 1,900 eggs are laid (Helle 1970). The mean in) and 590 g (1.3 lb). The males were 386—480 mm
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(15.2-18.9 in) long; the females, 361-460 mm (14.2-18.1 the Great Lakes, the sea lamprey undoubtedly takes 
in). Ten mature salmon from Lake Huron tributaries its toll, although the adults are small and may be less 
averaged 432 mm (17.0 in) in length (Wagner and attractive if larger associate species are present. 
Stauffer 1975). The presence of this new salmon in our waters has 

In a 1975 mixed sample from Lakes Superior, generated considerable excitement and enthusiasm. 
Michigan, and Huron, 98 males were 315-490 mm Both commercial fishermen and fishery biologists 
(12.4-19.3 in) long; 62 females, 363—445 mm (14.3-17.5 were amazed when in early September 1974 the lift 
in). (Wagner 1976). In September 1975, a pink salmon of a trap net disclosed 29 pink salmon about 305 m 

508 mm (20 in) long, weighing 1.11 kg (2 lb 7 0z), was (1,000 ft) off Madeline Island in Lake Superior. 
caught near the mouth of the Silver River, near On the West Coast the pink salmon makes up a 
L’Anse, Michigan (Richey 1976). substantial part of the commercial salmon catch and, 

In the ocean, during the first year of life the pink although it is small, its abundance compensates for 
salmon feeds on small planktonic organisms; in the its lack of size. In the Lake Superior basin, the num- 
second year macrocrustaceans of pelagic habit make ber of salmon observed in 1975 was frequently sev- 
up much of the diet (Manzer 1968, 1969). If Great eral times the number seen in the same streams in 
Lakes pink salmon have similar habits, they may be 1973 (Wagner 1976). The largest runs were in the Hu- 
expected to prey upon Mysis, amphipods, and cope- ron and Sturgeon rivers (Upper Michigan), which 
pods, which are the mainstay of many resident fish, had an estimated 3,000 and 2,000 fish, respectively. It 
at least in Lake Superior (Anderson and Smith is expected that this salmon will thrive in the warmer 
1971b). On the Pacific Coast, adults do not normally waters of Lake Michigan and that before long it will 
feed after they begin the ascent of spawning rivers. become a target for both sport and commercial fish- 
In the Lake Superior population, however, fish ermen. 
showing early stages of transformation have been Currently there is a very limited sport fishery in 
caught in the rivers by anglers using live bait. the fall as these salmon come into the rivers to 

The habits of this species once it migrates into the spawn. They provide the best sport when taken with 
lake are not well known, but it appears to travel in small spinners, flies, spoons, or spawn bags. They 
schools and to inhabit the upper strata of the open can also be snagged with weighted hooks, since they 
lake. It is assumed that most of the adults return to are readily visible in shallow water, numerous in 
the river in which they were hatched, but there is some streams, and not particularly wary. 
much wandering and some adopt a new stream for There are differences of opinion about the eating 
spawning. As a result, the pink salmon has spread qualities of the pink salmon during and just prior to 
from northern Lake Superior to streams in Lakes spawning. Some people call them unpalatable, but 
Huron and Michigan in less than 2 decades. others consider them palatable and just as good as 

The minimal oxygen thresholds for the pink salmon the rainbow trout from the Great Lakes. Pink salmon 
are 1.99 ppm at 17°C, 3.36 ppm at 25°C (Privolnev caught out in the lake while they are still silvery and 
1963). The extremely low temperature of Hudson Bay in prime condition are considered superb eating. 
may have been responsible for the failure of at- Concern has been expressed that this newcomer to 
tempts to introduce the pink salmon there. It has also our waters may displace our native endemic chubs, 
been observed that survival is low in some of the Lake since it competes with them and with other native 
Superior spawning streams, where spawning occurs fishes for the kinds of foods eaten (Anderson and 
in such shallow water that it is likely that a number Smith 1971b, Lawrie and Rahrer 1973). According to 

of the spawning nests freeze out. Ron Poff, biologist for the Department of Natural Re- 
sources, the pink salmon may compete with the lake 
herring, just as the smelt is already doing. 

IMPORTANCE AND MANAGEMENT The pink salmon of the Great Lakes is the only 
On the West Coast, the young pink salmon are known self-perpetuating population of this species in 
preyed upon by a variety of stream fishes, including fresh water. Its presence in the Great Lakes, which 
trout, older salmon, sculpins, and probably even pre- came about by chance, is an illustration of the ability 
dacious birds like kingfishers and mergansers. The of exotics to establish self-perpetuating populations 
larvae of stoneflies may prey on eggs and alevins. In in unexpected places.
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Coho Salmon been stocked in Riley Lake (Chippewa County) and 
in Stormy and Pallette lakes (Vilas County). 

A large-scale program for the introduction of coho 
Oncorhynchus kisutch (Walbaum). Oncorhynchus— salmon into Lake Michigan began in 1966 when 

hooked snout; kisutch—vernacular name for 660,000 yearlings were released; a total of 10.3 million 
this species in Kamchatka. (mostly from the state of Michigan) were stocked 

Other common names: coho, silver salmon, sea through 1970 (Wells and McLain 1973). The state of 

trout, blueback. Wisconsin contributed to this program by stocking 
approximately 500,000 coho salmon a year. Yearlings 
were stocked into rivers at or near South Milwaukee, 

Sane ae / Sheboygan, Manitowoc, Two Rivers, Algoma, Ke- 
sre POE R ORR E Ne ii | waunee, and Marinette, beginning with the Ahnapee 

SS J a Te a : River in 1968 and continuing to the present with 
+tm eee si —_ most of the streams. Coho salmon were initially in- 

: a troduced into Lake Superior by the State of Michigan 
in 1966. Ontario and Minnesota joined the stocking 

Female 675 mm, Green Bay, L. Michigan (Oconto Co.), 5 Oct. program in 1969, but have since abandoned it. Coho 
1980 (photo by S. Sommerfeldt) salmon straying from these plants have appeared in 

Wisconsin streams in the vicinity of Chequamegon 
Bay since 1971, and in 1973 they were first seen in 

DESCRIPTION streams west of the Apostle Islands (Swanson 1976). 
Body streamlined, laterally compressed. Average size The presence of the coho salmon in Wisconsin is 
in Lake Michigan 635 mm (25 in). Head into TL about largely the result of intensive and continued stock- 
4.5 (less in breeding males). Eye small; snout greatly ing. Natural reproduction in the Lake Superior sys- 
elongated; mouth terminal, slightly oblique, large. tem is low, and it is generally insignificant in Lake 
Maxillary extending beyond eye; teeth well devel- Michigan. 

oped on upper and lower jaws. Gill rakers 18-25. In the Great Lakes the coho salmon occupies the 
Branchiostegal rays 11-15. Dorsal fin rays 9-12; anal upper strata, and is generally found within 16 km (10 

fin rays 12-17; pelvic fin rays 9-11; pectoral fin rays mi) of shore. During the breeding season the coho 
12-16. Lateral line scales 112-148. Pyloric caeca 76 migrate up a tributary stream (mostly into native 

(45-114). Chromosomes 2n = 60 (Roberts 1967). trout water), where the first year of the young 
Adults steel blue to slightly green dorsally, sides salmon’s life is spent. 

silver, belly white; small dark spots on back, upper 
sides, base of dorsal fin and upper lobe of caudal fin. BIOLOGY 
Breeding males with heads a dark blue-green, sides The coho salmon has a rather brief life cycle: 3 years 
with a bright red stripe, gray to black on belly. Lower elapse from the time eggs are laid until that genera- 
gums usually pale to gray. Young blue-green on the tion dies following spawning. The eggs, laid in the 
back, silvery sides, narrow parr marks 8-12, most bi- fall of the year, hatch the following spring, and the 
sected by the lateral line. Caudal fin and most of anal juveniles live in the parent stream for an additional 
fin red-orange. Anal fin with first rays elongated, year. In the spring of their second year of life they 
white on anterior edge with black stripe behind. migrate to the lake, live in the lake for 18 months, 

Sexual dimorphism: Breeding male lacking breed- ie., through two summer growing seasons, and then 
ing tubercles but with prolonged hooked snout, migrate back to the parent stream for spawning and 

mouth deformed, dorsal hump little developed to certain death. 
not developed. Female lacking breeding tubercles, Coho salmon will ascend small tributary streams as 
hooked snout, deformed mouth, or hump before far as they are physically able to do so, swimming up 
dorsal fin. riffles with stream flows as low as 57 dm’ (2 ft*) per 

Hybrids: Coho salmon x pink salmon, coho salmon second and in water as shallow as 5 cm (2 in). Gen- 

x chinook salmon (Schwartz 1972). erally these are brook trout streams (Swanson 1976); 

however, in the Lake Michigan basin the cohos enter 
DISTRIBUTION, STATUS, AND HABITAT virtually all tributary streams. 
The coho salmon inhabits Lakes Michigan and Su- The site for nest construction is typically near the 
perior and a number of their tributary streams. It has head of a riffle composed of medium and small gravel
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(Breder and Rosen 1966). The female constructs the hatching was 1.4%. The egg incubation period 
nest. To dig it, she turns partly on her side and, with spanned 145-150 days, from late November to early 
powerful and rapid movements of her tail, disturbs April at water temperatures of 0.0-2.5°C (32-36.5°F). 
the bottom materials, which are then carried a short Avery found that intragravel dissolved oxygen in se- 
distance downstream by the current. The nest is an lected coho nests averaged 6.2 ppm, and stream dis- 
oval or roundish pit or depression at least as deep charge fluctuated two- to three-fold during the win- 
and long as the fish. While the nest is being built, ter. He concluded that the general lack of suitable 
several males in attendance may create a “great deal gravel substrates, cold winter water temperatures, 
of commotion.” and large variations in water level are responsible for 

The early life history of the coho salmon has been the lack of significant natural reproduction in Lake 
determined for Little Scarboro Creek (Kewaunee Michigan tributaries. Another problem is associated 
County) in the Lake Michigan basin, and most of the with the spring spawning of rainbow trout, who su- 
following account comes from Avery (1974b). Mature perimpose their activities on the coho salmon nests. 
coho salmon begin entering Little Scarboro Creek in Trout excavations of coho nests increase coho mortal- 
late October and spawning activity peaks in Novem- ity through premature excavation of young embryos. 
ber. The average number of eggs per adult was 3,807. Upon hatching, the alevins remain 2-3 weeks in 
Many false nests contained no eggs. A maximum of the gravel until the yolk is absorbed and then emerge 
250-300 eggs was found in the nests containing eggs, as free-swimming, actively feeding fry (Scott and 
while most nests held fewer than 150. During Crossman 1973). During August 1971, a population 
the first week of March 10-15% of the eggs in an ex- of 1,634 age-0 cohos, along with lesser numbers of 
cavated nest that was examined were alive and in the young-of-year rainbow trout and brook trout, were 
eyed stage. In Little Scarboro Creek egg survival to present in the lower 2.4 km (1.5 mi) of Little Scarboro
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Creek. The average length and weight of the cohos weighed 17.7 kg (39 Ib 2 oz). In 1975 a coho 943 mm 
were 91 mm (3.6 in) and 7 g. A population of 468 age- (37% in) TL, weighing 11.06 kg (24 lb 6 oz), was taken 

I cohos was present in the same sector in April 1972, off Shegoygan at a depth of about 20 m (65 ft). 
and they averaged 112 mm TL and 13 g. Growth of the coho salmon in inland lakes is much 

Approximately 1 year after they emerge from the less favorable. Avery (1973) noted that age-0 cohos 
gravel, the young smolts migrate rapidly down- stocked in Pallette Lake grew only 137 mm (5.4 in) in 
stream to the lake. This movement is usually com- length and 116 g (4.1 oz) in weight during 3 years in 
pleted before the end of May, although some do not the lake; age-I cohos, 107 mm (4.2 in) and 91 g (3.2 
leave the stream until mid-June. While in the lake oz) in 2% years. Few ever attained the minimum le- 
they wander considerable distances from the parent gal size of 254 mm (10 in). The food supply was not 
stream, mixing with stocks from different streams. adequate for the fish to grow normally and eventu- 
Apparently, however, this is of little significance in ally adopt a piscivorous diet. In Stormy Lake growth 
their later segregation and homing migration to the was better. From an average stocking size of 198 mm 
parent stream in the fall of the following year. (7.8 in) and 82 g (2.9 oz), the cohos showed an 

Streams tributary to Lake Superior appear to be average growth increment of 160-183 mm (6.3-7.2 in) 
more suitable for successful reproduction of coho and 197-362 g (6.9-12.7 oz) after 16-19 months in the 
salmon. In 1976 Department of Natural Resources bi- lake. They grew to an apparent maximum of 457 mm 
ologists counted 814 cohos from North Fish Creek, (18 in) TL and 940 g (2 Ib 1.2 oz) (McKnight and Serns 

1,066 from Pine Creek, and 99 from Little Pine Creek. 1977). 
Most were young-of-year; six were smolts (age I), and The coho salmon is a rapid-moving, wide-ranging 
two were jacks (D. Pratt, pers. comm.). In 1976, co- species. A study of coho in Michigan streams showed 
hos composed 48% of the young-of-year and year- yearlings moving 10.5 km (6.5 mi) downstream 
ling salmonid community in Pine Creek, 41% in the within 2 days after release; 32 km (20 mi), within a 
Onion River, and 40% in Whittlesey Creek (Swanson week (Borgeson and Tody 1967). Once out in the 
1976). In addition, coho young have been counted in lake, the yearlings evidently dispersed widely, and 

Little Sioux River, Pikes Creek, Cranberry River, Flag from the beginning of August through September 
River, and Bark River. they were scattered over the northern half of Lake 

Age-0 cohos in North Fish Creek (Bayfield County) Michigan, including Green Bay and Two Rivers. In 
averaged 76 mm TL in June, 81 mm in July, and 84 Lake Superior, cohos were captured 29 km (18 mi) 
mm (76-112 mm) in August. Smolts collected in June west of the Big Huron River about 1 month after en- 
averaged 145 mm (114-179 mm) TL (D. Pratt, pers. tering the lake. Six months after they had entered the 
comm.). Pine Creek (Bayfield County) during Au- lake, several cohos were caught 129 km (80 mi) east 

gust-September 1976 yielded 659 age-0 cohos which of the Big Huron River. 
averaged 81 mm (3.2 in) TL (another 406 were In Lake Michigan, overall movements of adult co- 
counted but not measured) and one age-I jack, 335 hos indicate concentrations in the south end of the 

mm (13.2 in) TL. Another jack of the same length was lake at the beginning of each year, with a gradual mi- 
captured in Little Pine Creek near the Lake Louise gration northward along the Wisconsin shore with 
Dam. Coho jacks in the Big Huron River, Michigan, the progress of the seasons. The cohos reach Kewau- 
averaged 368 mm (14.5 in) TL and 499 g (1.1 Ib) nee County in July and peak in September (Spigarelli 
(Borgeson and Tody 1967). After two growing sea- and Thommes 1976). 

sons in the lake, the returning spawners had an av- The coho is active at temperatures between 6.7 and 
erage weight of 1.3 kg (2.9 lb) (Lawrie and Rahrer 14.4°C (44-58°F). Peak feeding temperature is 12.2°C 
1973). (54°F). The schools are generally within 16 km (10 mi) 

Reflecting Lake Michigan’s higher productivity, the of shore at depths up to 15 m (50 ft), although occa- 

average total length and weight for first-year cohos sionally they are deeper. 
is 381 mm (15 in) and 680 g (1.5 Ib); for second-year In the Lake Michigan basin the transplanted cohos 
fish, 635 mm (25 in) and 2.72 kg (6 Ib) (Daly 1971). demonstrated at an exceptionally high level the 

First-year coho salmon frequently attain a weight ability to home back to the stream of their release in 
of 1.81-2.74 kg (4-6 Ib). One coho jack was 597 mm their new freshwater environment, although a few 
(23.5 in) TL and weighed over 3.18 kg (7 Ib) (Borge- did stray to nearby streams. In the Lake Superior 
son and Tody 1967). A spawning Lake Michigan basin, because the initial plantings of yearlings in the 
coho, taken at the Little Manistee, Michigan, weir, 27 Big Huron River moved out into the lake rapidly, it 
October 1973, measured 108 cm (42.5 in) TL, and was surmised that the salmon did not imprint on
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their “home” stream, accounting for large numbers The coho salmon, in its turn, as well as all the other 
of spawning adults returning not to the “home” combined stocked salmonid species, preys on the 
stream but to many other streams in the watershed. alewife and is undoubtedly helping to curb alewife 

Plantings in inland lakes which stratify thermally abundance in Lake Michigan. If the current level of 
place rigid limits on movements of this coldwater stocking of salmon is continued, it may help prevent 
species. In Pallette Lake, Engel and Magnuson (1971) a repetition of the massive alewife die-off of 1967. 
noted that the coho was inshore in winter and In the Lake Superior basin, it has been assumed 

spring, along with yellow perch and common shiner. that thus far the coho influx has had no detectable 
In late summer it hovered with the cisco in the me- impact on established stream residents (Swanson 
talimnion in water 8-16°C (46-61°F). As a result, 1976). In the Lake Michigan basin, coho competition 
during the growing season the fish were in a zone with the native trout in the streams of Kewaunee 
which lacked an abundant population of young for- County has been seen as potentially detrimental to 
age fishes, essential for good growth. Engel and the trout (Avery 1974b). Avery cited the problem of 
Magnuson assumed that this separation of predator brook trout nests being disrupted by superimposed 
and prey interfered with the cohos’ attaining maxi- coho salmon nests. 
mum growth in small lakes in summer. The coho salmon is both a superb game fish and a 

During April and June, yearling coho salmon in superior food fish. It has been taken with “frost flies” 
northern Lake Michigan feed largely on nymphs and in combination with flashing herring dodgers, mul- 
larvae of aquatic insects (Peck 1974). More than 90% ticolored spoons, and fresh and frozen baits, includ- 

of the cohos examined in Peck’s study had eaten in- ing alewives and smelt (Stephenson 1968). In spawn- 
sects, including mayflies, water boatmen, dipterans, ing streams cohos are taken by conventional salmon 
stoneflies, and beetles. Crustraceans had been eaten baits or by snagging, which has recently been legal- 
by fewer than half of the cohos, and, fishes, includ- ized. The coho, along with the chinook, has given 
ing smelt, spottail shiner, and rock bass, had been the charter boat fishery and the supporting sporting 
taken by only a small percentage. As cohos grow, the goods, food, and lodging industries an economic 
incidence and the volume of the fish in the diet both boost. Lake Michigan has become the most popular 
increase. In Stormy Lake, the smallest coho exam- salmon-fishing center in the world, attracting many 
ined with fish remains in its stomach was 216 mm out-of-state sportsmen. The catch, if properly pre- 
(8.5 in) TL (McKnight and Serns 1974). Cohos in Lake pared, can provide fine eating (Dudley et al. 1970; 
Michigan subsist primarily on alewives, but they also C. E. Johnson et al. 1974). 
eat smelt, ninespine sticklebacks, and insects. The The coho’s inherent capacity for very rapid growth 
diet of Lake Superior cohos includes insects, Mysis provides an extremely high production potential. In 
relicta, smelt, and ninespine stickleback. the Wisconsin waters of Lake Michigan, the sport 

In Pallette Lake, cohos consumed mostly terrestrial fishery reported 20,011 cohos in 1970, 33,984 in 1971, 

and aquatic insects. In November a few had eaten 60,621 in 1972, and 52,766 in 1973. Trolling was by far 
ciscoes and cisco eggs; however, the percentage of the most successful method, accounting for 46-78% 

fishes eaten was only 1% by number (Engel and Mag- of the total catch, followed by stream, pier, and shore 
nuson 1971). In Stormy Lake during the winter, fishing, in decreasing order of importance. In 1973, 

fishes constituted 93.3% of the volume of the coho troll-caught cohos taken in the Kenosha (Illinois— 
stomachs, and among them were the northern pike, Wisconsin state line) to Milwaukee sector constituted 
yellow perch, johnny darter, bluegill, and small- 62% of all cohos taken in Wisconsin waters. Many of 
mouth bass (McKnight and Serns 1974). these fish had started out in other states and were 

caught during their gradual northward movement 
along the Wisconsin shoreline from wintering areas 

IMPORTANCE AND MANAGEMENT in the south end of the lake (Daly et al. 1974). 
Kingfishers, herring gulls, loons, great blue herons, In the Wisconsin waters of Lake Superior, the sport 
and brown trout prey on coho smolts (Borgeson and fishery for coho salmon reported 1,352 cohos in 1972, 
Tody 1967), but of 221 predatory fish examined in 3,316 in 1973, and 2,647 in 1974. Openwater fishing 
northern Lake Michigan, only one walleye and one accounted for the greatest number, followed by stream 
northern pike had each eaten a smolt (Peck 1974). fishing and ice fishing (King and Swanson 1975). In 
More than 90% of the fish eaten by fish predators 1976 the sport fishery harvest included 2,598 coho 
were adult smelt, which apparently served as a salmon weighing 2,121 kg (4,675 Ib), and in 1977, 2,273 
buffer between yearling coho and the resident pis- fish weighing 1,856 kg (4,090 Ib) (Sport Fish. Instit. 
civorous fishes. Bull. No. 293, April 1978, p. 7).
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The harvest of coho salmon in Stormy Lake, caught such as South Milwaukee) which do not have ade- 

from May to September 1970 and after the following quate facilities for smolting ponds. Second, it may be 
January, was estimated at well over 50% of the 1970 that fish can be attracted or decoyed to fishing piers, 
stocking (5,000 yearling cohos) (Serns and McKnight fishing buoys, or breakwaters on shoreline parks if 
1974). synthetic odor is dripped in at these sites. Increasing 

The early experimental work done by Hasler and the number of places where the fish might be caught 
Wisby (1951) on odor discrimination in fishes was would lessen the sports fishing pressure and prob- 
soon applied to the homing of salmon. The current lems on some of the coho streams. 
coho stocking program makes certain that the salmon Coho salmon, as well as other salmonids, have be- 
begin their migration in the Great Lakes with the come victims of chemical contaminants and pesticide 
chemistry of their “native” stream indelibly fixed in residues in Lake Michigan. In 1969 federal agents 
their “memory.” When the salmon are smolting, less seized coho from commercial warehouses when FDA 
than 48 hours of exposure to spring water is suffi- analysis showed concentrations of dieldrin and DDT 
cient for them to locate that water and identify it as up to 19 ppm. In 1968, Dr. H. Johnson of Michigan 
“home” when they return to spawn (Jensen and State University noted a loss of up to 50% of alevins 
Duncan 1971). Yearling cohos are transferred to from Lake Michigan, which showed signs of DDT 
holding ponds on tributary streams, and it is to these poisoning at the time they used the oils contained in 
holding ponds that they are attracted some 18 months the yolk-sac. 
later; at that time they provide a bounty of lake-fat- In early fall of 1971, PCB levels of 6-17 ppm (which 
tened fish for the fisherman. exceeded the federal standard of 5 ppm) were discov- 

An intriguing application of odor discrimination is ered in several batches of coho salmon from Lake 
the imprinting of juvenile salmon to morpholine or Michigan. Commercial sales of the fish were stopped 
phenethyl alcohol, substances not known to occur in and sports fishermen were advised to eat no more 
natural waters but which are detected by salmonids than one meal per week of the contaminated fish. 
at low concentrations (about 1 drop morpholine to At the same time, eggs from Lake Michigan brood 
473,000 liters of water) (Scholz et al. 1976). Yearling stock were showing much variability, with respect to 
salmon exposed to the imprinting chemical for 1/2 fertilization, eye up stage, and hatching, and in state 
months and then released in Lake Michigan are at- hatcheries a high mortality of fry was noted, due to 
tracted to the stream scented with the chemical to an apparent fragility of the membrane about the yolk- 
which they have been imprinted. As many as 98% of sac, hemorrhages around the brain, and weakened 
the fish recovered responded to the appropriate membranes throughout the body system (Degurse et 
scent. Two advantages of the artificial imprinting al. 1973). Testing showed that there was no correla- 
technique over the use of holding ponds are imme- tion between the level of DDT or PCB and the mor- 
diately apparent (Daly et al. 1974). First, fish can be tality of the fry. 
released in areas (for example, metropolitan areas
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Chinook Salmon gan. The state of Michigan, which initiated the Pa- 
cific salmon program, released 93% of the chinook 
salmon planted through 1970, but all the other states 

Oncorhynchus tshawytscha (Walbaum). Oncorhynchus— bordering Lake Michigan have participated in the 

hooked snout; tshawytscha—vernacular name of stocking effort (Wells and McLain 1973). 

this species in Kamchatka. Wisconsin initiated its chinook salmon program in 
Other common names: chinook, spring salmon, king 1969 with the release of 65,000 fingerlings. In 1973 

salmon, king, tyee, quinnat, blackmouth. some 755,000 chinook fingerlings were released from 
10 release sites—from the Pike River (Kenosha County) 

y to Strawberry Creek (Door County) and the Little 
gi im River (Marinette County) (Daly et al. 1974). All recent 

GF ccssscuntee at. 4 Wisconsin records in the Lake Superior basin are de- 
a a Sp : a amg rived from state of Michigan plants. In the spring of 

_ Se a - 1967, 34,000 smolts were planted in the Big Huron 

— = % River of the Upper Peninsula; from 1967 to 1970, 

Ca S 318,000 chinook young-of-year were planted in state 
of Michigan tributaries (Parsons 1973). 

Male 875 mm, Little R. (Marinette Co.), 10 Oct. 1980 (photo by S. Attempts in the past century to stock the chinook 
Sommerfeldt) salmon in Wisconsin resulted in failure (Introduc- 

tion, p. 20). The success of the salmon program ini- 
DESCRIPTION tiated in 1969 has resulted from the application of 
Body streamlined, laterally compressed. Average tested release techniques, and from annual stocking, 
size in Lake Michigan 864 mm, 7.26 kg (34 in, 16 Ib). which provides a constant return to the angler. The 

Head into TL about 5 (less in breeding males). Snout growth of the stocked salmon, especially in Lake 
elongate. Mouth terminal, slightly oblique, large. Michigan, has been exceptional. In Wisconsin the 
Maxillary extending beyond eye. Teeth large, sharp salmon program is not dependent on natural repro- 
on upper and lower jaws. Gill rakers 16-26. Bran- duction; the emphasis is on artificial propagation, 
chiostegal rays 13-19. Dorsal fin rays 10-14; anal fin now largely dependent on brood stock from Lake 
rays 14-19; pectoral fin rays 14-17; pelvic fin rays Michigan. Limited natural propagation of this spe- 
10-11. Lateral line scales 130-165. Pyloric caeca cies is suspected to have occurred in some Lake Su- 
140-185. Chromosomes 2n = 68 (Roberts 1967). perior tributaries; however, even if propagation does 

Adult iridescent green to blue-green on back, top occur, it is not sufficient to meet the demands of 

of head, and upper sides; sides below lateral line sil- anglers. 
very; belly silvery to white. At least a few black spots The chinook salmon in Wisconsin provides an un- 
on back, top of head, upper sides, and all fins, in- usually successful fishery. It has become such an im- 
cluding caudal fin. Lower gums black. Breeding fish portant feature among our Wisconsin fish fauna that 
olive-brown to purple, males darker than females. its inclusion on the state list is expected. At the same 
Young with parr marks 6-12 as wide as or wider than time, it must be recognized that the chinook fails the 
the spaces between, the lateral line passing through criterion of self-perpetuation. 
the center of most marks. Anal fin with first ray elon- The preferred habitat of spawning chinooks is a 
gate, white, but usually no black stripe behind. large river with a clean gravel substrate. The young 

Sexual dimorphism: Breeding male lacking breed- generally smolt soon after hatching, and migrate 
ing tubercles, but with prolonged, hooked snout and downstream to the sea, or large lake, where they 
a deformed mouth. Female lacking breeding tu- grow quickly. Subadults and adults frequent mid- 
bercles; snout and mouth normal. depth areas where food is abundant. 

Hybrids: Chinook salmon x coho salmon, chinook 
salmon x pink salmon (Schwartz 1972). BIOLOGY 

In its home on the West Coast there are many races 
DISTRIBUTION, STATUS, AND HABITAT of the chinook salmon, each moving inshore into its 

The chinook salmon, a Pacific Ocean salmon, was re- spawning river at a particular time of the year. Many 
cently introduced into the Lake Michigan and Lake rivers have more than one run (spring to winter chi- 
Superior drainage basins. From 1967 through 1970, nooks), each made up of fish bound for different 
4.1 million fingerlings were released in Lake Michi- spawning grounds. The young of some races spend
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up to a year or two in the home stream and, although ing the female and the dominant male swim into the 
we generally think of the chinook as completing its nest, the two fish lie side by side, their mouths gape, 
life cycle in 4 years, some forms persist up to 9 years. they vibrate, and eggs and sperm are released. 

The chinook in Wisconsin is a salmon with a 4-year Smaller males may dart into the nest and release 
cycle. The fry are taken from hatcheries after 7 sperm also. After spawning, the female digs at the 
months. In the release ponds they are held for 3-4 head of the nest and covers the eggs with the dis- 
weeks, and stocked directly into adjacent water- placed gravel; the eggs are generally buried about 1% 

ways. The next 3% years are spent in the lake. to 2 times the height of the body of the parent. The 
The following account of chinook spawning, based female may dig more than one nest and spawn with 

on data from West Coast streams, is taken largely more than one male. 
from Scott and Crossman (1973). Chinook salmon Several investigators have established that chinook 
generally spawn near riffles in large rivers or large salmon continue to build nests even after they have 
tributaries. They tend to spawn in deeper water and been stripped for fish-culture purposes; their work 
on larger gravel than other Pacific salmon. Fresh- has shown that nest building is a function distinct 
water populations may spawn in rivers flowing into from that of spawning, and unrelated to the presence 
a lake, or on gravel shoals in the lake. The males and of eggs in the ovary (Breder and Rosen 1966). 
females are aggressive on the spawning grounds. The number of eggs deposited varies with the 
The female digs the nest by lying on her side and stock and the size of the female. An average of about 
thrashing the tail up and down. The nest, or redd, 8,500 eggs are deposited by Alaskan chinooks; in a 
can be as much as 3.7 m (12 ft) long and 31 cm (1 ft) New Hampshire freshwater population (Hoover 
deep. Each female is attended by a larger, dominant 1936a), the average number was 2,500. The eggs are 
male, and often by several smaller males. At spawn- large, 6-7 mm diam, and orange-red in color. Opti-
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mum incubation temperatures are between 4 and Il+ or II[+ (Berg 1978). There was no significant dif- 
11°C (39 and 52°F). The female guards the nest, but ference in age between the sexes at the time of ma- 

usually dies within a few days to 2 weeks. Precocious turation. 
males have been known to live 5 months after A large number of 9-14-kg chinooks have been 
spawning. caught from Lake Michigan. An 18.3-kg (40-Ib 4-0z) 

The eggs hatch the following spring into alevins, chinook was taken from the Menominee River on the 
which spend 2-3 weeks in the nest while the yolk is upper Michigan—Wisconsin boundary in 1973. 
absorbed, after which the fry struggle up through the The chinook is the largest member of the salmonid 
gravel to become free swimming. Some proceed al- family, topping even the greatest recorded weights 
most directly to the sea or lake, but other stocks may for lake trout. An Alaskan chinook 147 cm (58 in) 
remain in the home stream for a year or two. long weighed 57.2 kg (126 Ib). 

The strain of chinook salmon brought to the Great In Lake Michigan, chinook salmon winter in the 
Lakes matures in early fall. The first major spawning deeper areas off the Wisconsin shoreline, rather than 
run of female chinook salmon in the Great Lakes oc- moving en masse to the southern end of the lake, as 
curred in the Little Manistee and Muskegon rivers coho salmon do (Daly et al. 1974). Chinooks live in 
(lower Michigan, in the Lake Michigan basin) in mid-depth waters, and generally are not taken on the 
1970. Nests were common on the shoals in some bottom in deeper water, although some chinooks 

areas, and large numbers of eggs were deposited. In have been taken on the bottom in gill nets. 
the spring of 1971 a few stream-hatched smolts were Young chinook salmon in freshwater streams feed 
caught in these tributaries (Parsons 1973). In Wiscon- on terrestrial insects, crustaceans, chironomids, co- 

sin, successful spawning of chinook in some Lake rixids, caddisflies, mites, spiders, aphids, phantom 
Superior tributaries is suspected; however, no fry or midge larvae, and ants. In a lake they undoubtedly 
smolts have been recovered. consume insects and plankton until they reach suffi- 

Chinook smolts are 60 mm long and number more cient size to eat fish. Smelt and alewives are impor- 
than 220 per kilogram. While still in the release tant foods for the adult chinook in the Great Lakes. 
stream, these young chinooks are most numerous in The chinook salmon’s peak feeding temperature is 
pools below riffles, or in low-velocity riffles where 12.2°C (54°F), which during the summer lies within 
cover is available (Patten 1971). The optimum range the thermocline. 
of temperature in fresh water, which controls the rate 
of growth and survival of the young, is 13-17°C IMPORTANCE AND MANAGEMENT 
(55.4—62.6°F). Davidson and Hutchinson (1938) noted Predators on young chinooks include trout, salmon, 

that constant temperatures above 17°C (62.6°F) retard sculpins, mergansers, kingfishers, and other diving 

growth and increase the mortality of the young; at birds. Field studies have indicated that a sculpin can 
20°C (68°F) mortality is high. Constant temperatures digest a salmon 60 mm long in 24-28 hours (Patten 
below 13°C (55.4°F) also retard growth, and at 3°C 1971). Young chinooks compete with other salmon 

(37.4°F) mortality is high. According to Brett (1952), and trout for food, and the adult chinooks compete 

the upper lethal temperature for fry is 25.1°C (77.2°F), with other salmonids for spawning grounds. 
and the preferred temperature is 12-14°C (53.6-57.2°F). When Captain Gray sailed his ship Columbia into 

Smolts migrate downstream into a lake in May and the “Great River of the West” in 1792, he named the 
June, and growth is rapid. In Lake Michigan the av- river after his vessel. He found there an Indian tribe 

erage total length and weight at the end of each year called the Chinook living in aboriginal luxury on a 
of life is: 1—254 mm, 227 g (10 in, 0.5 Ib); 2—635 mm, species of large salmon that was abundant in the 

2.7 kg (25 in, 6 Ib); 3—864 mm, 7.3 kg (34 in, 16 Ib); river. These fish later became known as chinook 
and 4—1.02 m, 10.4 kg (40 in, 23 Ib) (Daly 1971). In salmon. The Indians smoked and dried salmon, 

Lake Superior, age-II fish from the 1968 planting pounded the dried meat into powder, and used the 
averaged 1.4 kg (3.1 Ib), and age-III fish from the 1967 surplus for trade. So abundant was this food supply, 
planting averaged 3.3 kg (7.2 Ib) (Lawrie and Rahrer and so easy was its harvest, preservation, and stor- 
1973). In chinook salmon sampled from Lake Supe- age, that the coastal Indians had time for the pursuit 
rior during 1974-1975, the approximate calculated of leisure (Walden 1964). 
lengths at the annuli were: 1—325 mm, 2—500 mm, In Lake Michigan, the chinook salmon is truly the 
3—625 mm, and 4—700 mm. Berg (1978) suggested king of all fish. It reaches the largest size of any fish 
that Lake Superior chinook salmon may not achieve in the lake, and is considered a prime food fish de- 

a fifth year of life. The majority matured at either age spite its contamination with industrial chemicals. It



Chinook Salmon 315 

has been lured with shiny spoons, fluorescent-col- same cost. Chinooks grow into larger fish, and so 
ored spoons, and baits. A preferred bait is the her- make better trophies than the cohos. Once a chinook 
ring dodger, with a large hair fly trailed behind. release operation has been started, one release pro- 

In Lake Michigan, the sport fishermen took 577 vides fishing for 3 years instead of the 2 years pro- 
chinooks in 1970, 6,151 in 1971, 11,465 in 1972, and vided by one release of cohos (Daly 1971). Also, with 

27,660 in 1973. The increase in 1973 was influenced each release chinooks consume more alewives, and 

greatly by the catch of immature fish 330-432 mm ultimately convert these into larger quantities of 
(13-17 in) TL. These smaller chinooks were taken pri- salmon flesh. 

marily along the southern part of the Wisconsin Perhaps the greatest disadvantage of both chinook 
shoreline, both by trolling and by fishing from the and coho salmon stocking programs is that, although 
pier or breakwater. The bulk of 3- and 4-year-old fish the fishery is fast and hectic, it lasts only for a very 
were taken in the Sturgeon Bay area during the limited period of time rather late in the year. Some 
spawning period (Daly et al. 1974). In Lake Superior, chinook salmon may be caught all summer long, but 
the sport fishery for chinook salmon produced 112 large concentrations are not built up at stocking sites 
fish in 1973, and 66 in 1974 (King and Swanson 1975). along the Lake Michigan shoreline (including the 
In 1976, the sport fishery harvest included 254 chi- Sturgeon Bay Ship Canal) until late September. Peak 
nook salmon with a total weight of 507 kg; in 1977, abundance lasts only from late September to mid-No- 
415 chinooks were taken with a total weight of 828 kg vember. According to Daly (1971), there is a need to 
(Sport Fish. Instit. Bull. No. 293, April 1978, p. 7). develop strains of these salmon species which will 

Strawberry Creek near Sturgeon Bay was selected be available earlier in the year to prolong the fishery. 
as the original chinook salmon release site in Wiscon- Following the establishment of this fish-eating, but 
sin, since the large volume of water surging through nonreproducing, species in the fresh waters of New 
the Ship Canal into Lake Michigan acts like a large Hampshire, it was suggested that the chinook salmon 
river (Daly et al. 1974). This condition is especially might be used in fresh water as a biological control of 
attractive to chinooks as they come into spawning unwanted fish (Hoover 1936a). The chinooks exter- 
readiness. The Strawberry Creek site was also reno- minated smelt from a lake within 3 years, and then 
vated into a spawn-taking and fish harvest facility. died out themselves, leaving the lake ready for the 
Some 1,500 chinooks were handled in 1972, and 600 re-introduction of native trout. 
in 1973. Eggs were taken for transport to hatcheries, Wholly freshwater and self-sustaining chinook 
where they were propagated artificially, and the sur- populations now exist in only one fully documented 
plus roe made available to the fish bait industry (Daly transplant—in New Zealand. Several other attempts 
et al. 1974). have “succeeded” temporarily, in that adult fish re- 

Chinook salmon management has some advan- turned to the stream where eggs or fry had been re- 
tages over coho salmon management. Since chinooks leased, but no permanent self-sustaining runs were 
require less rearing time and space in the hatchery, established (Walden 1964). 
greater numbers of chinooks can be released for the
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Brook Trout marks along lateral line. Sharp, dark brown line 
along tip of chin, almost as dark as pigment of eye. 
Young 45 mm (1.75 in) long, with a dark margin on 

Salvelinus fontinalis (Mitchill). Salvelinus—an old name adipose fin and a black stripe along front of dorsal 
for char; fontinalis—living in springs. fin, behind which diagonal rows of dark spots are 

Other common names: eastern brook trout, speckled added. Belly of very young with dark speckles. 

trout, brookie, squaretail, squaretailed trout, One wild brook trout captured from Spring Creek 

speckled char, char or charr, common brook (Chippewa County) had 2 anal fins (Hunt 1976). 
trout, mud trout, coaster (brook trout of Lakes Sexual dimorphism: Both sexes lacking breeding 

Michigan and Superior), coaster brook trout, tubercles. Male developing a hook on lower jaw at 

native trout, native, redspotted trout. spawning; absent in female. 
Hybrids: Brook trout x rainbow trout, brook trout 

x brown trout, brook trout x lake trout (Schwartz 

1972). 
—e 4 " The brook trout has been crossbred with the brown 

anal a trout to produce the infertile tiger trout, which pos- 
~ : sesses distinctive markings like that of a tiger, leop- 

ard, or giraffe. There are records of several such nat- 
Immature 63 mm, Deerskin R. (Vilas Co.), 18 June 1977 ural crosses from Wisconsin waters (see p. 291). 

The splake is a hatchery-produced cross between 
the brook trout and the lake trout, Salvelinus namay- 

cush. The fertile offspring appear to have a lower fe- 
2 cundity than either of the parent species (see pp. 323 

Ora and 329). 
a ene = 

Si SS “ss DISTRIBUTION, STATUS, AND HABITAT 

The brook trout, the only stream-dwelling trout na- 
tive to Wisconsin, occurs throughout the state, prin- 

Subadult 162 mm, West Branch of the Little Wolf R. (Menominee cipally in central and northern Wisconsin, in Lake 

Coie 19. duly 1986 Superior, and in Lake Michigan (sustained through 
stocking in Lake Michigan). Many of the map loca- 

DESCRIPTION tions have been plotted from the study done by Kmi- 
Body streamlined, laterally compressed. Average otek (1974); he also classified each stream as to 
size in inland streams 152-203 mm (6-8 in) TL. Head quality. 
into TL 3.7—4.5. Snout somewhat rounded. Mouth The brook trout is common in streams of central 
terminal, slightly oblique, large. Maxillary extending and northern Wisconsin, and rare to uncommon in 

beyond eye. Teeth on upper and lower jaws. Gill rak- southern Wisconsin, except in Richland, Columbia, 
ers 9-12. Branchiostegal rays 9-13. Dorsal fin rays 10- Dane, and Sauk counties, where it is common in many 
14; anal fin rays 9-13; pelvic fin rays 8-10; pectoral streams. The Wisconsin Department of Natural Re- 

fin rays 11-14; caudal fin square, rarely slightly forked. sources (Brasch et al. 1973) noted that the primary 
Lateral line scales 210-244. Pyloric caeca 23-55. range of the brook trout in northern Wisconsin is 
Chromosomes 2n = 100 (Roberts 1967). probably fairly stable. In central and southern Wis- 

Olive, blue-gray, or black on back, to white on the consin, the range seems to be decreasing; in some 
belly; wormlike overmarkings (vermiculations) on areas, it is all but gone. 
the back; red spots, sometimes surrounded by bluish The brook trout inhabits cool, clear, headwater 
halos, on sides. Black and white stripes along the spring ponds, springs, and spring-fed streams (see 
front edges of the lower body fins; remainder of Threinen and Poff 1963). It has been successfully 
these fins reddish. Lower flanks and belly of breed- stocked in deep, softwater, stratified lakes (generally 
ing males becoming orange-red, with black pigmen- spring-fed) in which the lower stratum remains well 
tation on either side of belly. Lake-run brook trout oxygenated throughout the summer. It does best in 
(coasters) more silvery over head and body, and less water 20°C (68°F) or less. In my studies, the frequen- 
heavily pigmented. Young with 7-9 large, brown parr cies of bottom types most commonly associated with
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this species were: mud (10%), silt (17%), sand (26%), building act culminates with a sweep of the tail 
detritus (4%), gravel (23%), rubble (11%), and boul- (Hazzard 1932). Construction of the nest may last as 
ders (9%). The average widths of streams in which long as 2 days, with activity occurring at night as well 
this species was encountered were: 1-3 m, 42%; as during the day. When completed, the nest is 
3.1-6.0 m, 25%; 6.1-12.0 m, 18%; 12.1-24 m, 13%; 0.3-0.6 m diam and several cm deep. A male in at- 
and 24.1-50 m, 1%. tendance fights off intruding males, but does not as- 

sist in nest construction. 
BIOLOGY Males display two types of courting activity. In one 
Spawning in Wisconsin occurs late in the year, gen- type, the male approaches the female as she lies in 
erally peaking in mid-November. As the spawning the nest, and pushes her gently from the center of 
season approaches, mature brook trout seek gravel the depression. In the other type, the male swims 
riffles in spring-fed tributaries, in a main stream, or above the female, first in back and then in front of 

in spring seepage areas in ponds (Brasch et al. 1973). her dorsal fin, touching her with his body and fins 
Brook trout also spawn on the shores of lakes with (Hazzard 1932). 

moderately swift currents, and on lake bottoms In spawning, the female takes a position at the bot- 
where the updwelling water of spring seepage pro- tom of the pit with pectoral and pelvic fins well 
vides the oxygen necessary for the young to develop spread against the stones (Greeley 1932). She re- 
(Curtis 1949, MacKay 1963). mains motionless, with her vent close to the deepest 

The female constructs the nest by darting up- part of the pit. The male, a larger fish than the fe- 
stream into the gravel, turning quickly on her side, male, darts to a position against one side of the fe- 
and vibrating her body against the bottom; the nest- male and curves his body toward hers in such a man-
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ner as to hold her against the bottom. For several higher overwinter survival than small fingerlings 
seconds the male’s body vibrates rapidly. Eggs and (Brasch et al. 1973). 
milt are extruded simultaneously. Under normal conditions, the size attained for 

After spawning, the female covers the nest by us- each year class of brook trout is: age 0—76-152 mm 
ing her anal fin to sweep gravel over the pit from its (3-6 in); age I—152-254 mm (6-10 in); and age II— 
edges (Curtis 1949). When the nest is finished, the 203-330 mm (8-13 in) (Brasch et al. 1973). Slow- 
eggs are beneath 4-20 cm of gravel. growing fish may not reach a length of 152 mm (6 in) 

A peculiar behavior on the part of small males was until the third or fourth year of life. A September 
described by White (1930). While the nest-guarding sample of brook trout in Lawrence Creek (Marquette 

male was chasing away another male, small males County) averaged: age 0—94 mm (3.7 in); age I—170 
darted over the nest and seized the female by the mm (6.7 in); age II—208 mm (8.2 in); age IIJ—292 mm 
ovipore. White assumed that this was a means of get- (11.5 in); age IV—353 mm (13.9 in); and age V—366 
ting eggs to eat. Eddy and Surber (1947) noted that, mm (14.4 in). The male grows faster than the female. 
although minnows and suckers took trout eggs from Because of high mortality, brook trout older than 
the nest, these were generally dead eggs lying at the 3 years are rare. A few 4-, 5-, and 6-year-olds are 
surface of the nest. probably caught each season. They range in size from 

The number of eggs produced during a spawning 381 to 508 mm (15 to 20 in). 
season varies with the size and age of the brook In fertile lakes, the growth rate of brook trout is 
trout. The female probably produces 300-400 eggs. often faster, with lengths of 457 mm (18 in) being at- 
The number may vary from fewer than 100 in a 127- tained in 2 or 3 years. Yearling trout 152 mm (6 in) 
mm (5-in) female to about 1,200 in a 356-mm (14-in) TL, planted in Lake Michigan, reached an average of 

fish. The eggs are large, 3-5 mm diam. 345 mm (13.6 in) after 1 year in the lake (Daly 1968b). 
Fertilization of the eggs and survival to the fry Such coasters usually weigh 907-1,361 g (2-3 Ib), and 

stage is usually good (80-90%) under good habitat may live to be 5 or 6 years old (Downs 1974). A 660- 
conditions (Brasch et al. 1973). Concentrations of mm (26-in), 2.9-kg (6-lb 8-oz) coaster was taken at 

spawning brook trout occur near springs, and the Bailey’s Harbor (Door County) in 1971. 
eggs are dependent upon the steady percolation of In Wisconsing brook trout mature early in life. At 
water through the gravel for aeration. The length of Lawrence Creek, 5% of the males are mature at the 
the egg incubation period depends upon water tem- end of the first summer of life; the smallest mature 
perature. Development proceeds most rapidly and fish are about 89 mm (3.5 in) long. Most females 
successfully with steady and moderate water temper- (about 80%) mature as yearlings, at minimum lengths 
atures. The mortality of eggs is high where water of about 127 mm (5 in). 
temperatures are low (near freezing). Groundwater The largest brook trout from Wisconsin was caught 
springs are, therefore, essential for best development from the Prairie River (Lincoln County) on 2 Septem- 
(Threinen and Poff 1963). At a constant 10°C (50°F), ber 1944; it weighed 4.5 kg (9 Ib 15 oz). The maximum 
the development period is about 47 days, an opti- size for brook trout was a 6.6-kg (14.5-Ib) specimen 
mum time for hatching. At 2.8°C (37°F) the develop- caught in Rabbit Rapids, Nipigon River, Ontario, in 
ment period is about 165 days. 1915 (Scott and Crossman 1973). From time to time, 
When hatched, the larvae (sac-fry) remain in the rumors of larger brook trout have been circulated, 

gravel within the nest until the yolk is absorbed. but none have been substantiated. 
They emerge from the gravel beds from January to Brook trout are voracious feeders, consuming large 
April, depending on local conditions. The free-swim- amounts of animal matter, including aquatic insects 
ming fry are 20 mm (0.8 in) long. Hausle (1973) de- (especially Trichoptera, Diptera, and Ephemerop- 
termined that low levels of dissolved oxygen (less tera), terrestrial insects, crustaceans, fish, and anne- 

than 6 ppm), and sand in excess of about 15% in the lids. Availability often dictates what the trout will 
spawning gravel, reduced the number of fry emerg- consume. Brook trout fry in Lawrence Creek con- 
ing. sumed more chironomids, simuliids, and ephemer- 

Survival from eggs to 9-month-old fingerlings in opterans than trichopterans or amphipods during 
Lawrence Creek (Marquette County) is low, ranging their first 6 months of life (J. M. Miller 1974). 
from 1 to 2%. Overwinter survival of brook trout in In the Little Plover River (Portage County), 68% of 
Lawrence Creek is approximately 55% with little dif- the brook trout had taken Gammarus, and in a 172- 
ference between age groups; large fingerlings have a mm specimen there were more than 200 in the stom-
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ach. Caddisflies appeared in 40% of the stomachs. stress range (Clark 1969). The oxygen content of 
Other items included Coleoptera, Odonata, Hemip- water must be at a minimum of 5 ppm throughout 
tera nymphs, annelids, unidentifiable plant seeds, the year, and the water must be free of heavy silt, 
and a 2-mm piece of brown glass which had lodged noxious gases, and other pollutants. The pH range of 
in a stomach wall (L. Lange, pers. comm.). the water should be within 6.5 to 9, although trout 

Brook trout in a spring pond (Shawano County) may survive pH as low as 4.5 or as high as 10, if the 

consumed gastropods, amphipods, chironomids, co- change is not abrupt (Borell and Scheffer 1961). 

leopterans, Daphnia, corixids, trichopterans, and other The most consistent fish associate of the brook trout 
organisms (Carline et al. 1976). Whenever Daphnia is the mottled sculpin; less common are the white 

were available (especially those 1 mm and larger), sucker, creek chub, pearl dace, brook stickleback, and 

brook trout consumed them in large numbers. Forage brown trout. Marginal brook trout waters are some- 
fish were abundant in the pond, but were not heavily times invaded by warmwater species such as north- 
utilized by trout. Relatively small benthic inverte- ern pike, largemouth bass, yellow perch, and blue- 

brates dominated the diet of all sizes of trout, al- gills. 
though sticklebacks were important for the largest 
fish (Carline 1975). It is suspected that the absence of 
large brook trout in many spring ponds is due in part IMPORTANCE AND MANAGEMENT 
to the lack of large invertebrates and abundant forage The historical presence of the brook trout in all suitable 
fish. waters in Wisconsin may well be the reason why the 

Brook trout feed on insects mostly during early grayling (Thymallus arcticus) has not occurred in the 

morning and evening periods of low light intensity, state in recent times. In neighboring Michigan, siza- 
but feeding may occur at high noon on a bright day ble populations of graylings were present in coldwa- 
if a hatch of flies takes place. The optimum temper- ter streams of the upper and lower peninsulas, until 
ature for feeding is about 19°C (66°F). man purposely introduced the more aggressive brook 

Although commonly seen in groups, the brook trout into those waters; by 1930, the grayling had been 

trout is not a schooling species. It lies under cover, extirpated in Michigan. Where the brook trout has 

such as rocks, undercut banks, and logs, if available. been introduced, in the mountain streams and lakes 
In streams, the largest trout locate in deep holes or of the West it has generally succeeded at the expense 
runs, only moving into unprotected waters and shal- of the native salmonid fishes. 
lows when feeding. Mergansers, loons, great blue herons, kingfishers, 

The brook trout is largely stationary in habit. Wild water snakes, otters, snapping turtles, bass, north- 
brook trout in Lawrence Creek, during their first ern pike, and larger trout are all known to prey on 
summer of life, move short distances from the nest, brook trout. Under natural conditions, these depre- 

either upstream or downstream (usually the latter) dations are generally harmless. In managed lakes, 
(Hunt 1965b). The majority of tagged brook trout in stocked with domestic trout, predators may be an im- 
the Au Sable River, Michigan, moved upstream an portant limiting factor (Brasch et al. 1973). 
average of 0.8 km (0.5 mi), and about 20% remained In the Bayfield, Wisconsin, hatchery many albino 
in the locality where they were tagged (Shetter 1936). trout have appeared in the hatches. If the albino fry 
The bulk of the population moved downstream in are not separated from the other fry, they are at- 
the winter. Yearling brook trout stocked in Lake tacked by the normal fish, their pink eyes pecked 
Michigan quickly enter tributary streams as far as 8 out, and they die. This may account for the absence 
km (5 mi) from the point of release (Daly 1968b); of albino fish in nature (Wahlquist 1939). 
there they remain until warm water temperatures Perhaps no other trout is taken in greater numbers 
drive them back into the lake. than the brook trout; anglers probably harvest at 

According to data summarized by Clark (1969), the least one million wild brook trout from Wisconsin 
preferred temperatures of the brook trout, deter- streams each year. It is readily caught on both live 
mined in the field, are 13.9-15.6°C (57—60°F). Tem- baits and artificial lures. Dry and wet flies catch more 

peratures recommended by the Federal Water Pollu- brook trout once the season is underway than any 
tion Control Administration for satisfactory growth other lures. Large brook trout will take spinners and 
and for spawning are 20°C (68°F) and 12.8°C (55°F) spoons; a small daredevil is particularly effective in 
respectively; the upper lethal limit is 25°C (77°F). lakes. 
Temperatures well below the lethal limit can be in the The brook trout is the most easily caught of all Wis-
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consin stream trout. Despite this, a few individuals yields of sport fishes from moderately fertile warm- 
reach 305-381 mm (12-15 in), even in streams which water lakes of the state (Brasch et al. 1973). 
are heavily fished. Electrofishing surveys conducted in 41 central and 

In addition to being easy to catch, the brook trout east central Wisconsin streams, all subject to fishing 
is tasty to eat. Its meat is firm and white, or lightly pressure, yielded from 48 to 8,750 brook trout per 
tinted with pink; its flavor sweet and delicate. To hectare (3-165 kg/ha) (Brasch et al. 1973). More inten- 
some connoisseurs, the brook trout is the supreme sive studies and comprehensive population esti- 
aT fish, surpassing even the lake whitefish or the mates of fished portions of Lawrence Creek (Mar- 
walleye. quette County) gave spring standing crops of 34-101 

In normally growing brook trout populations, most kg/ha, and fall standing crops of 50-112 kg/ha. In an 
of the catch consists of yearling trout. Two-year-olds unfished refuge portion of Lawrence Creek, the 
are also important in the angler’s take; since they are standing crop built up to 277 kg/ha. 
heavier than yearlings, they are a higher quality fish. Lawrence Creek is one of the best researched trout 

If a fisherman wants fish of a particular size limit, he streams anywhere. From a series of comprehensive 
should fish with artificial lures. Experiments have reports, Hunt (1966, 1969, and 1971) provided esti- 
shown that 38% of stream trout taken on baited mates of annual fish production for 11 consecutive 
hooks die when returned to the water, whereas only years—one of the longest and most reliable pub- 

2.7% of the trout taken on flies die when returned. lished records covering all age groups in a wild fish 
Although they are rare, coaster brook trout (those population. The series also spans lifetime production 

spending part of their lives in the Great Lakes) have by eight generations of brook trout (the 1960-1967 
always supported a small, but exciting and unique, year classes), and for five of these year classes it pro- 
fishery. These fish have provided most of the brook vides comparative data on total angler harvest. 
trout over 900 g (2 Ib) taken from Wisconsin waters. In the upper section of Lawrence Creek, high pro- 
Coasters have an indefinable, perhaps sentimental, duction of brook trout resulted from a stream im- 
attraction all their own. Their value is out of all pro- provement program carried out in 1964 to increase 
portion to their numbers and size. pool area and streambank hiding cover for trout 

Brook trout were reestablished in Lake Michigan (Hunt 1974). Hunt observed: 

by a Wisconsin Department of Natural Resources 
Program, which began in 1967 with the release of Despite the upward trend in production in developed 
9,000 yearlings (Daly 1968b). The catch of brook trout Section A (the upstream study section) streamwide produc- 

from Lake Michigan has been encouraging, increas- ln ome Stable because “ concurrent rae 
ing from 4,952 fish in 1972 to 10,157 in 1973. In 1973, __ Ward trends in Sections C and D (two lowermost study sec- 

. tions). Comparison of annual production trends in improved 
40% of the fish were taken from shore; fish from : : . . 

f lling f avi Section A to annual production trends in the three unim- 
streams accounted OF 24%, trolling for 19%, and. pier proved sections revealed a high degree of intersectional de- 
fishing for 19%. While brook trout do not attain the pendence not previously realized from numerous analyses 
size of the other salmonids, they are highly prized by of standing stock data. . . . 

a select group of fishermen and are readily available In this study, as in many ecological investigations, many 
in inshore waters. “answers” are incomplete, many unresolved questions re- 

Although native coaster brook trout persist in Lake main, many “pieces of the puzzle” are still missing. . . . 

Superior, in recent years Michigan has stocked this The population demonstrated great adaptability and resi- 
species. In 1974 the brook trout caught in the Wiscon- liency in attaining a level of approximately 500 kg of pro- 

sin waters of Lake Superior averaged 282 mm (11.1 duction _ year. But why — Ie us —— 
in) in length, weighed a total of 276 kg (608 Ib), and unanswered. questions that could pe raised; Hus 18 pet ape 

x a8 the most intriguing. What environmental components lim- 
constituted 0.9% of the sport fishing harvest by ; 5 3 i : 

ich : ds 7 ited this brook trout population to this level of production, 
weight (King an warison 1975). . . despite substantial variations in population size, age struc- 

In 1976 the sport fishery harvest in Lake Superior ture and proportional distribution among the four study 
included 1,369 brook trout weighing 621 kg (1,369 sections? (p. 14). 

He and in 1977, 106 brook trout weighing 48 kg (106 eel . 
) (Sport Fish. Instit. Bull. No. 293, April 1978, p. 7). e effects of different angling regulations on a wild 
Yields of brook trout to anglers of 56 kg/ha of water brook trout population and fishery were also studied 

have been reported from Wisconsin waters. This is at Lawrence Creek (Hunt 1962). Three sets of regu- 
several times the recorded, or the even expected, lations were evaluated: a 6-in (152-mm) minimum size
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limit and bag limit of 10; no size limit and no bag mestic brook, brown, and rainbow trout occurred in 

limit; and a 9-in (229-mm) minimum size limit and streams where ice cover was rare during winter, and 

bag limit of 5. The first two sets of regulations were where there was adequate instream cover and a low 
much alike in their effect upon angler harvest. Few population of resident trout. 
anglers were skillful enough to catch 10 or more wild In a stream habitat development on the Kinnick- 
brook trout, and few brook trout less than 6 in were innic River (Saint Croix County), the population of 
kept when it was legal to do so. When the minimum brook trout more than 5.5 in long increased to 4 or 5 
size limit was raised to 9 in, the catch was dramati- times its original size (Frankenberger 1968). Guide- 
cally reduced and fishing pressure declined. Simul- lines for the management of trout stream habitats in 
taneously, the growth of trout declined, and in- Wisconsin have been prepared by White and Brynild- 
stances of higher-than-normal summer and winter son (1967). 

mortality due to natural causes reduced the possibil- Brush removal from banks, as a technique for man- 
ity of stockpiling enough age-II brook trout to pro- aging small trout streams, has been evaluated by 
vide a yield (in terms of both number and kilograms) Braatz (1974). Factors supporting the use of this tech- 
comparable to one that includes a significant percent- nique, in areas where increases in water temperature 
age of age-I brook trout as well. would not be critical, included the availability of food 
Much basic research on brook trout has been done for invertebrates, the abundance of invertebrates in 

in Wisconsin. White and Hunt (1969) noted that in the drift, and the greater amount of food found in 

two central Wisconsin brook trout streams age-0 trout stomachs. 
brook trout followed a 2-year rhythm (cycle) of alter- Treating suitable lakes with fish poisons to eradi- 
nating upward and downward levels of abundance. cate the existing warmwater fish population, and the 
This cycle persisted in both streams, despite some- subsequent stocking of the lakes with brook trout, 
what different environmental characteristics and dif- has introduced fishing for brook trout where it was 
ferent general levels of trout populations in the two not available prior to such management (Brasch et al. 
streams. The researchers concluded that it was un- 1973). In these lakes, the growth of trout is usually 
likely that climate or predation gave rise to the cycle, good if proper stocking rates are used; prize fish are 
and that competition between age-0 and age-I fish frequently taken. 
may have been responsible. They cited LeCren Where hydraulic dredging of spring ponds has been 
(1965), who found that the numerical density of trout used as a management tool, both the amount of fish- 
fry was apparently a result of territorial behavior: fry ing and the numbers of trout caught have increased 
not able to secure a territory drifted downstream and (Carline and Brynildson 1977). Compared to other 
died of starvation. small lakes containing salmonids, standing crops and 

Heding and Hacker (1960:22) reviewed the role of yields of trout from Wisconsin spring ponds have been 
springs in brook trout reproduction and abundance: among the highest reported. 

. . . In recent years the accelerated deterioration of Wis- 
Detrimental land use practices, constructing dams on small consin’s brook trout “waters. has been -well. docu- 

streams, digging ponds, and creating small impound- d. Habitat detedioratons It of 

ments in spring-fed areas of our trout streams all have a mene PADRE GERSON hero comancn Peel @ 
disastrous effect on the natural reproduction of trout. .. . Brazing, the destruction of bank cover, the careless 
Springs are the “life blood” of our trout streams. Destroy use of agricultural chemicals and irrigation, road con- 

that “life” in a trout stream and it’s gone—forever. struction, the dredging of ponds or spring feeders, 
and the damming of streams, to name only a few of 

The beaver has been cited as the cause for a serious the causes. Even such famous waters as the Brule 
decline of brook trout in some northern Wisconsin River in Douglas County have shown a shrinkage of 
streams, where many small spring tributaries have brook trout water. In the Brule at the turn of the cen- 
been dammed by the animals (Christenson et al. tury, brook trout were present in numbers through- 
1961, Knudsen 1962). out its 65-km length; today, wild brook trout inhabit 
Mason et al. (1967) suggested that wild strains of only the upper third of the river. Introductions of 

brook trout be introduced into potential brook trout competitive rainbow and brown trout may have had 
streams, because wild strains survived longer in some part in this shrinkage. 
streams investigated than domestic and hybrid trout. Also, detrimental effects on native brook trout 
O. Brynildson and Christenson (1961) concluded that populations may occur with the introduction of ex- 

the highest overwinter survival of fall-stocked, do- otic fishes such as the coho salmon. Avery (1974)
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gave evidence of brook trout nests in Kewaunee In the northeastern United States millions of hatchery 
County which were being disrupted by superim- brook trout are stocked annually in the put-and-take game 
posed coho salmon nests. Since only four small brook of modern fishing. But one is inclined to use the past tense 

trout streams remain in that county, Avery recom- in writing of the wild brook trout. Constitutionally incom- 
mended the placement of devices which would pre- patible with the advance of civilization, this exquisite fish 

vent any anadromous species, such as the coho is dying. Where man has dried up his springs by defores- 
almon, from migrating into areas inhabited by the an polluted his waterways, ra aightened streams ~ 

s ‘5 a & 8 y ditches and denuded them of their natural cover, the wild 

native trout, . brook trout has vanished. And with it has gone an essence 
. Walden (1964:7) has penned an appropriate warn- of that early America which somehow it symbolized: rural 
Ing: peace, unmachined enterprise, and nature left to herself.
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Lake Trout 65-85 pyloric caeca are present. For biology see p. 
329. 

Salvelinus namaycush namaycush (Walbaum). Salveli- DISTRIBUTION, STATUS, AND HABITAT 
nus—an old name for char; namaycush—an The lake trout is present in all three major drainage 

American Indian name. basins in Wisconsin. It occurs naturally in Lake Su- 

Other common names: Great Lakes trout, mackinaw perior and in deep inland lakes, such as Trout Lake 
trout, salmon trout, laker, lean trout, lean char, and Black Oak Lake (Vilas County). Until recently 
lean, gray trout, great gray trout, Great Lakes Lake Michigan sustained a native population, but 

char, landlocked salmon, namaycush, forktail this species no longer spawns in that lake (see Im- 
trout. portance and Management). Because of extensive 

early distribution of lake trout fry into many northern 
Wisconsin lakes, its natural distribution is not known 

Peer FA although it was reported from Keyes Lake (Florence 
SN ogee < County) in 1906, from upper St. Croix Lake (Douglas 

Tg. a County) in 1908, and from Holly, Moon, and Hammil 
a Se = lakes (Bayfield County) in 1980 (D. Fago, pers. 

comm.). Greene (1935) examined specimens from 

L. Superior (Wisconsin DNR photo, Lake Superior Work Unit, Little Trout and Crystal lakes (Vilas County) and from 
Bayfield) Hammil Lake (Bayfield County). Fossil lake trout were 

taken from a Pleistocene clay bed at Menomonie 
DESCRIPTION (Dunn County) (Hussakof 1916). 
Body elongate, somewhat rounded. Average size 381- The lake trout has been planted in a large number 
508 mm (15-20 in) TL. Depth into TL 3.8-5.5. Head of Wisconsin's inland waters. In 1875 (Commnrs. Fish. 
into TL 3.6—4.8; in lateral view, top of head almost a of Wis. 1876) “250,000 salmon trout” were stocked in 
straight line. Snout when mouth closed usually pro- Lake Geneva, and “1 million” were stocked 2 years 
truding slightly beyond upper jaw. Mouth terminal, later. In 1877 such unlikely lakes as Browns (Racine 
slightly oblique, large. Maxillary extending beyond County), Oconomowoc, Pine, Pewaukee, North, 
eye; teeth on upper and lower jaws. Gill rakers 12— Nagawicka, and Okauchee (all in Waukesha County), 
24. Branchiostegal rays 10-14. Major dorsal fin rays and waters in Rock, Washington, Green Lake, Chip- 
8-10; major anal fin rays 8-10; pectoral fin rays 12- pewa, and Saint Croix counties were stocked with 

17; pelvic fin rays 8-11; caudal fin deeply forked. this species. 
Lateral scales 185-210 in diagonal rows. Pyloric caeca In recent years the lake trout has been reported 
120-180 (93-208). Chromosomes 2n = 84 (Roberts from the following inland lakes: Trout, Little Trout, 

1967). and Crystal (all in Vilas County); Hammil, Lac Court 
Back, sides, head, and dorsal, adipose, and caudal Oreilles, and Little Court Oreilles (Sawyer County); 

fins light green, gray, or dark green with light spots; Lucerne (Forest County); Big Green (Green Lake 
belly white. Pectoral, pelvic, anal, and caudal fins oc- County); Keyes and Sea Lion (Florence County); 
casionally orange. Lower fins sometimes with nar- Tomahawk and Big Carr (Oneida County); and Ge- 
row white border. Males display prominent black lat- neva (Walworth County). In most of these lakes fish- 
eral stripe at spawning. Young with 7-12 parr marks, ing is maintained by continual stocking (Daly et al. 
the spaces between parr marks equal to or greater 1962). 
than the marks themselves. Lake trout over 102 mm In Wisconsin the lake trout deserves close watch- 
(4 in) with characteristic pale markings of char in ing. It no longer spawns in Lake Michigan, where a 
young, hind edge of maxillary not reaching posterior population is currently sustained through extensive 
edge of large eye. stocking. In Lake Superior, breeding lake trout popu- 

Hybrids: Lake trout x brook trout, lake trout x lations have declined. The original status of this spe- 
rainbow trout (Schwartz 1972). cies in Wisconsin’s inland lakes is virtually unknown 

The splake (from speckled and lake trout) is a hybrid since early records of the fish species present in these 
of the lake trout and the brook trout; in appearance lakes were not kept. As noted above, the question of 
and characteristics it resembles both parents. Usually the original distribution of lake trout is confused fur- 
it lacks the deeply forked tail of the lake trout; the ther, because artificially propagated trout were stocked 
dorsal and caudal fins are usually light spotted; and in many inland lakes early in the history of the Wis-
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consin fisheries program. In summary, the lake trout 1962). Most lake trout spawn on rocky bars which are 
appears to be decreasing in Wisconsin waters and its kept free from silt by water currents. The Milwaukee 
future will be increasingly dependent upon a vigor- and Sheboygan reefs in Lake Michigan and the 
ous propagation program. Apostle Island reefs in Lake Superior were well- 

Lake trout spend most of their lives in the deeper known spawning grounds. In southern Lake Michi- 
waters of cold lakes. They move about extensively, gan, before their extirpation, lake trout spawned on 
however, and may be found at any depth during cer- a clay bottom at depths as great as 60 m (200 ft) or 
tain seasons or at certain localities. In the Great more (Eschmeyer 1957). River-spawning populations 
Lakes, they are usually most abundant at depths be- of lake trout in eastern Lake Superior cast their eggs 
tween 30 and 90 m (100 and 300 ft). Generally, they over large boulders intermixed with coarse gravel 
live at or near the bottom, but some may also occur (Loftus 1958). 

in the open water, far offshore, where they are The spawning behavior of lake trout has been sum- 

caught commercially on setlines or in gill nets sus- marized by Eschmeyer (1957:3—4): 
pended below the surface. In smaller, inland lakes in 
the southerly part of their range, lake trout are re- No nest or redd is built by lake trout. The males, which 

stricted to deep water in summer by the warming of outnumber the females on the spawning grounds, precede 
the surface water (Eschmeyer 1957). the females in congregating on the breeding area. They 

cruise over the bottom and clean it of debris, algal growth, 

and slime by fanning and rubbing the rocks. . . . Most ac- 
BIOLOGY . . tivity occurs between dusk and midnight and reaches its 
Spawning occurs in fall, from mid-October to early peak shortly after dark, although a few males may be pres- 
December. The depth of the spawning grounds may ent at all times of the day during the height of the breeding 
be a few centimeters to 30 m or deeper (Daly et al. season. Lake trout are polygamous and there is no vigor-
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ous fighting or defense of territory. During courtship a hatchery at the temperature of the lake water, hatched 
marked, but transitory color change occurs among the as early as late November. 

males; the back becomes light and silvery while a dark, lus- The lake trout’s eggs are 5-6 mm diam. The pro- 

trous stripe appears along each side. Spawning may occur duction of eggs by 70 lake trout 638-965 mm (25.1-38.0 
with only 1 or 2 males and 1 female taking part, or several 5 ae 
males and several females may compose a compact spawn- ie) TL and ‘weighing 260-08) Ke Gt—27e IP), 
ing group. Typically, one or more males approach and ranged from 2,476 to 17,119 (Eschmeyer 1955). The 
nudge or nip at a female and then press against her side, incubation period extends from 4 to 5 months, and 
with the vents in close proximity. The bodies of the fish hatching occurs from mid-February to the end of 
quiver, their mouths open, and the dorsal fin of the male is March. A newly hatched larva is 16 mm TL, with a 

held erect. Each act lasts for only a few seconds and un- large yolk-sac still attached. It spends another month 
doubtedly must be repeated a number of times before among the rocks, resorbing the yolk-sac, and then 
spawning is completed. The fish breed at random over the moves into deeper waters. Fish (1932) illustrated a 

cleaned area and no attempt is made to bury or otherwise 21.5-mm sac-fry. 
care for the eggs, which sink into crevices among the rocks. In southern Lake Superior, young-of-year lake 

Individual male lake trout may remain on or near the trout increased from 30 mm (1.2 in) on 22-23 June to 

spawning grounds for 3 weeks or more, but after the 79 mm (3.1 in) on 21-22 October. 
spawning season is over the adults disperse widely from Rah . 1967) calculated total length and weight f 
the breeding area. Although lake trout may move to distant ahrer ( : ) calculated total length and weight for 
points between breeding seasons, most return to the same Lake Superior lake trout as follows: I—102 mm, 9 g; 
spawning grounds each year. II—160 mm, 27 g; III—216 mm, 73 g; [V—279 mm, 

173 g; V—351 mm, 354 g; VI—427 mm, 658 g; VII— 

The principal spawning grounds of lake trout in 500 mm, 1.16 kg; VIII—579 mm, 1.90 kg; IX—668 
southern Lake Superior are on rocky shoals at depths mm, 2.95 kg; X—749 mm, 4.34 kg; XI—818 mm, 6.12 

of less than 36 m. Spawning native lake trout on Gull kg; and XII—876 mm, 8.29 kg. 
Island Shoal were tagged, and subsequent returns of In Lake Michigan (Van Oosten and Eschmeyer 
these fish indicated that nearly 100% homed back to 1956), the growth of lake trout before the arrival of 
Gull Island Shoal to spawn. Hatchery-reared lake the lamprey was: I—86 mm, II—178 mm, III—257 
trout spawning on Gull Island Shoal only achieved a mm; IV—320 mm; V—373 mm; VI—434 mm; VII— 
58.6% return. Such apparent wandering by hatchery- 493 mm; VIII—536 mm; IX—587 mm; X—638 mm. 
bred lake trout, in comparison to native lake trout, Since 1966, yearling lake trout have been stocked 

may greatly reduce their spawning potential (Swan- from April to June in Lake Michigan. In May these 
son 1973). The largest runs of hatchery fish have yearlings average 132 mm and 18 g. In the lake, they 
been in inshore areas not known as major spawning attain the following total length and weight at the 
grounds; most return to the areas where they were end of each year of life: 2—315 mm, 272 g; 3—414 
planted or to similar shore areas. Swanson noted that mm, 635 g; 4—503 mm, 1.3 kg; 5—599 mm, 2.7 kg; 

the Gull Island Shoal lake trout spawning population 6—650 mm, 3.0 kg; 7—714 mm, 3.7 kg; 8—719 mm, 
nearly doubled between 1963 and 1971. 3.6 kg; 9—767 mm, 4.8 kg; 10—770 mm, 4.9 kg; and 

In Lake Michigan and Green Bay, reef, shoal, or 11—785 mm, 5.2 kg (J. Moore, pers. comm.). In 

“honeycomb” rock in 2-36 m of water were chosen Green Lake stocked yearlings grew from 152 mm (6 
by lake trout as spawning grounds. No successful re- in) to 406 mm (16 in) in 3 years (Daly et al. 1962). 
production has occurred in Lake Michigan since the In Lake Superior, male lake trout were first mature 
native trout population was extirpated in the mid- at age IV (520 mm TL), and females at age V (596 mm 
1950s. TL); however, the bulk of the fish in the spawning 

The optimum water temperature for lake trout runs were ages VII and VIII (Dryer and King 1968). 
spawning in the Apostle Islands is 7.8—11.1°C In most waters of Wisconsin, lake trout are mature 
(46-52°F). In small, inland lakes lake trout usually when either 7 years old or about 610 mm (24 in) TL; 

spawn just before the ice forms. the Green Lake population produced 610 mm males 
River spawning in streams of eastern Lake Supe- in 6 years (Daly et al. 1962). In general, males mature 

rior (Loftus 1958) occurred in the second half of Sep- at an earlier age and are smaller than females. Vary- 
tember and early October. The spawning bed at the ing numbers of mature lake trout in some lakes do 
Montreal River consisted of large boulders inter- not spawn each year, but may skip one or more sea- 
mixed with coarse gravel, in an eddy near the lower sons, during which they do not produce eggs or milt 
end of a gorge some 200 m from Lake Superior. Eggs (Eschmeyer 1957). 
stripped from these lake trout, and incubated in a Lake trout may live as long as 20 years (Van Oosten
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1932). In 1971 and 1973, two age-XIII fish were ing the upper levels occupied by their usual forage, 
caught in the sport fishery in Lake Superior (King they are driven to feed largely on zooplankton. 
and Swanson 1975). At certain times, lake trout become opportunistic 

The lake trout is the largest of all the trout; the av- and take advantage of other abundant foods. When 
erage specimen generally weighs from 3.2 to 5.4 kg large hatches of flies occur in late spring, the trout 
(7 to 12 Ib). A 131-cm (51.5-in) fish, taken on hook feed exclusively on the rafts of these insects on the 
and line in May 1952 from Lake Superior, weighed water surface. On inland lakes, lake trout have been 
28.6 kg (63 Ib 2 oz) (Eschmeyer 1957); another, taken known to eat migrating shrews as they swam across 
on 9 September 1946, weighed 21.3 kg (47 Ib). A 16- the lake. Yellow warblers, apparently confused in 

kg (35-lb 4-0z) lake trout was taken in June 1957 from flight by fog, have been found in the stomachs of sur- 
Big Green Lake (Green Lake County). A 79-cm, 7.2- face-feeding lake trout (Daly et al. 1962). 
kg (31-in, 15-Ib 14.5-0z) fish was caught in 1971 at The peak feeding temperature for the lake trout is 
Cave Point (Door County) in Lake Michigan. A 46.3- 10.6°C (51°F). 

kg (102-Ib) lake trout was hauled out of Lake Atha- Although lake trout are more abundant in some lo- 
baska, Saskatchewan, by a commercial fisherman in calities than in others in the lakes where they occur, 
August 1961 (MacKay 1963). they seldom form compact schools. Even the young 

In Lake Superior, the opossum shrimp (Mysis) was are scattered and seem to have more or less solitary 
found to be by far the most important food of small habits (Eschmeyer 1957). In Lake Superior during the 
lake trout. It was in 70% of the stomachs examined, summer months, young-of-year lake trout were found 
and made up 84% of the food volume of young-of- principally at depths of less than 36 m; in October, 
year fish, 95% of the food of age-I fish, and 82% of most were caught in water more than 36 m deep. All 
the food of age-II fish. Other crustaceans, insects, collections were made at water temperatures of 
and fish were less important in the diet (Eschmeyer 5.6-17.2°C (42-63°F). Most age-I and age-II trout 
1956). As the lake trout grew larger, ciscoes, smelt, were caught at depths of 36-62 m at temperatures of 
and cottids increased in the diet from 4.4% at 127-150 3.9-11.7°C (39-53°F) (Eschmeyer 1956). 

mm (5-5.9 in) to 93.9% at 406-429 mm (16-16.9 in) In the Apostle Islands region of Lake Superior, the 
(Dryer et al. 1965). lake trout was most common at depths of 18-53 m 
Eschmeyer (1957) stated that lake trout eat what- when data were combined for all seasons (Dryer 

ever kind of fish happen to be available in the im- 1966). In the spring an occasional lake trout was 
mediate environment. Small lake trout have been taken at depths to 143 m. In southern Lake Michigan, 
found only infrequently in the stomachs of lake juvenile lake trout (mostly 305-381 mm) were con- 
trout, probably because of the greater relative abun- centrated at 73-90 m; in northern Lake Michigan, at 
dance of other forage species rather than because of 55-71 m. 
any scruples against cannibalism. The movement and migration of lake trout in Lake 

In Lake Michigan during the summer, lake trout Superior is variable. Large-sized lake trout tagged 
consumed alewives (occurred in 53.7% of stomachs), near Keweenaw Point, Michigan, traveled west up to 

unidentified fish remains (50.2%), sculpins (22.2%), 307 km (190 mi), but if tagged over spawning 
smelt (20.7%), ninespine stickleback (0.5%), insects grounds, there was a tendency for such trout to re- 
(1%), and fish eggs (0.5%); during the winter they turn to the same grounds, even though they may 
consumed unidentified fish remains (46%), alewives have wandered widely in the interim (Eschmeyer et 

(25.9%), sculpins (22.3%), smelt (16.5%), and inver- al. 1953). Smaller lake trout (avg 462 mm), released in 

tebrates (mainly Mysis relicta) (15.1%) (Daly et al. the Apostle Islands region, were recaptured during 
1974). Alewife remains have been found in lake trout the first year, generally within an 81 km (50 mi) ra- 
as small as 208 mm (8.2 in) TL, and alewives become dius of the release site; however, some were taken 

a more common food item in fish 254 mm (10 in) and from Grand Marais, Michigan, 412 km (255 mi) to the 

larger. Cottid species are the preferred forage fish of east. These tagging experiments supported the con- 
newly stocked lake trout (Daly 1968b). cept that the prevailing currents in Lake Superior 

Adult lake trout in Big Green Lake feed on the were responsible, at least in part, for the long migra- 
cisco, sunfish, and lake emerald shiner (Hacker tions recorded. 

1957). It is believed that in certain inland lakes pre- Pycha et al. (1965) noted that dispersal of yearling 
dation by large lake trout may severely limit the den- lake trout begins at planting and probably continues 
sity of their own population. In summer, when until the fish are mature. Most movement was east- 
warming of the water prevents lake trout from reach- ward in southern Lake Superior, and followed the
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counterclockwise surface currents. Movement was 1974, over 10% of the trout 635 mm (25 in) TL and 

most rapid in areas of strong currents, and slowest in longer were wounded, but most bore old scars (King 
areas of weak currents or eddies. In a recent tagging and Swanson 1975). 
experiment, nearly one-third of all hatchery and na- A known predator on lake trout eggs in Big Green 
tive lake trout tagged on Wisconsin spawning grounds Lake (Green Lake County) is the mudpuppy (Nectu- 
migrated into Michigan waters of Lake Superior in rus), which consumed the trout eggs as fast as they 
the summer (Swanson 1973). Natives returned to were laid (Weimer 1980). Up to 79 eggs were found 
Wisconsin to spawn, whereas many of the hatchery in the stomach of one mudpuppy. Construction of an 
fish did not return, at least not to the sampled artificial spawning ground from large granite rock 
spawning reefs. In summary, studies of the move- has resulted in modest lake trout spawning success. 
ment of native lake trout (including river-spawning The lake trout has always been a prized fish, 
lake trout) and hatchery-reared, planted lake trout whether taken by hook and line or secured through 
indicate that most fish live within a radius of about commercial fishing efforts. It has always commanded 
81 km (50 mi) of their points of hatching or planting. premium prices, either fresh or smoked. The flesh is 
Some individuals, however, wander extensively firm, rich in flavor, and is white to red (often orange) 
(Lawrie and Rahrer 1973). in color. It is oily and has high energy value. One 

O. B. Smith and Van Oosten (1940) reported that it analysis found 73% water, 18% protein, 9.4% fat, and 

required 3 years for 1,416 tagged lake trout to become 1.0% minerals (Thurston 1962). 
scattered through Lake Michigan. Most immature In the late 1940s, prior to the depredations by the 
fish moved northward from the tagging site (near sea lamprey, charter boat trolling for lake trout on 
Port Washington) on the west-central shore and fol- Lakes Michigan and Superior was very popular. In 
lowed the shoreline. Mature fish were recaptured in Lake Superior (Belonger 1969) at the peak of the fish- 
all directions from the point of release, some having ery in 1948, 33 charter trolling boats were in opera- 
traveled more than 202 km (125 mi). tion in Wisconsin waters. Lake trout in the 6.8-kg (15- 

The lake trout seldom remains for extended pe- Ib) class, and catches of 23-45 or more kilograms 
riods in water of temperatures greater than 18.3°C were common. 
(65°F); its preferred temperature is about 10°C (50°F) In the late 1950s and early 1960s, lake trout sport 

(Eschmeyer 1957). Lake trout can tolerate water tem- fishing in Wisconsin waters reached its lowest point. 
peratures up to 25°C (77°F); however, satisfactory Each year since 1962, however, sport fishermen have 
growth of the young cannot take place in waters over reported more lake trout taken per fisherman and 
20°C (68°F). Higher water temperatures induce the more lake trout taken per trip. In 1967, 55.2% of the 
rapid development and hatching of eggs; but beyond reporting fishermen caught lake trout up to 940 mm 
a certain point, the biochemistry goes awry and the (37 in) TL. 
eggs develop abnormally or not at all. The 1974 sport fishing catch of lake trout from Wis- 

The principal associates of lake trout in the deeper consin waters of Lake Superior was 13,123 kg (28,931 
water where it lives are sculpins, ciscoes, whitefish, Ib), which represented 42% of the total sport harvest 

and burbot. by weight, and made the lake trout the highest pro- 
ducer of all salmonid fishes (King and Swanson 1975). 
In 1976, the sport harvest of lake trout was 7,687 fish 

IMPORTANCE AND MANAGEMENT weighing 11,149 kg, and in 1977 the harvest was 9,184 
On the Great Lakes, lamprey predation is still a criti- fish weighing 11,086 kg (Sport Fish. Instit. Bull. No. 
cal problem. Of the larger salmonid fishes, the lake 293, April 1978, p. 7). Despite the lake trout popula- 
trout is especially vulnerable to lampreys, since as tion levels suggested by these successes, inshore lake 
young adults lampreys move into the deeper waters trout populations have become substantially de- 
to parasitize the largest fish they can find. In north- pressed compared to the 1970 and 1971 population 
ern Green Bay during 1973 there was an upward levels, and abundance levels have been further de- 
trend in the wounding of lake trout of all sizes, and creased by Indian fishing activity. 
an indication of increased lamprey activity. In Lake Lake trout bobbing in the Apostle Islands area has 
Michigan, from Algoma northward, 71% of the trout become a popular winter pastime. In 1972, 7,838 lake 
between 737 and 813 mm (29 and 32 in) long were trout were landed. During February and March 1974, 
scarred (Daly et al. 1974). In Lake Superior sea lam- an estimated 6,177 bobbers harvested more than 
prey activity, after having increased in 1971 and 1972, 2,937 lake trout (King and Swanson 1975). The aver- 
declined in 1973 and held near that level in 1974. In age size of lake trout taken by bobbing increased
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from 505 mm (19.9 in) in 1972 to 549 mm (21.6) in able commercial species from 1890 until the mid- 
1974. 1940s. Production in Lake Michigan was usually the 

A successful program of stocking hatchery-reared highest of any of the Great Lakes in that period 
lake trout in Lake Superior brought the lake trout (Wells and McLain 1973:26): 

population to a high level of abundance in the late In 1890-1911 the catch was rather consistently high, aver- 
1960s and early 1970s (Wis. Dep. Nat. Resour. 1976). aging 8.2 million pounds. The average annual yield then 
Releases of 16-month-old fish yielded returns to an- dropped to 7.0 million pounds in 1912-26, and declined 
glers of 5.7 to 37.3% (Pycha and King 1967). Returns further to 5.3 million pounds in 1927-39. The trend was 
from 9-month-old fish varied from only 2.1 to 6.4%. reversed in 1940-44 when the catch was above 6 million 

Currently in Wisconsin there is a minimum com- pounds in every year, and the average was 6.6 million. The 
mercial legal length for the lake trout of 17 in (432 year 1945 marked the beginning of a precipitous decline 
mm). Since this species matures at a length of about that led to a catch of only 342,000 pounds in 1949 and a 
610 mm (24 in), it might be advisable to raise the limit mere 34 pounds in 1954, Lake trout were extremely rare in 

to that level in bodies of water where natural repro- 1955 (Esctimeyer 1957) andithe species probably becamic ex: 
a : . i s tinct in the lake in 1956. 

duction is possible. This will not only provide future 
stock naturally, but it will also make available a Even as early as the 1880s, declines in lake trout 
quality fishery. stocks were observed in certain areas of Lake Michi- 

The history of the lake trout as a commercial spe- gan. Since the declines were accompanied by appre- 
cies has been well documented for Lake Superior by ciable decreases in average size, they probably were 
Lawrie and Rahrer (1973), and for Lake Michigan by the result of exploitation. The gradual decrease in 
Wells and McLain (1973). In Lake Superior there ap- production from 1893 to 1938 was a result of exces- 
peared to be no significant long-term trend in yields sive exploitation during a period of greatly increased 
until 1953, when a very steep decline set in; the de- fishing (Wells and McLain 1973). The sea lamprey 
cline continued at a rate of virtually 27% a year until had a powerful influence on the phenomenal decline 
1962. This decline was attributable to depredations of the lake trout in Lake Michigan after 1944 (Hile et 
by the sea lamprey. The constant yields from 1962 to al. 1951a, Eschmeyer 1957). 
1966, and the modest increase in yields in 1967 and The lake trout rehabilitation program in Lake 
1968, occurred after the fisheries had been sharply Michigan, coordinated by the Great Lakes Fishery 

restricted in 1962, and yields were controlled by the Commission, began in 1965. Since then an average of 

application of quotas on commercial fisheries. nearly 2 million yearling lake trout (avg about 150 
Vying closely with the lake whitefish for first place mm) have been stocked each year. The program has 

as a table fish, usually produced in larger quantities, been highly successful in producing fish to spawning 
and cherished by the angler, the lake trout was the size, in spite of continued predation by the sea lam- 
most important species in Lake Superior until its col- prey. The trout have grown rapidly, although no suc- 
lapse. There is no doubt that throughout the history cessful spawning is known to have occurred as yet in 
of the fisheries the lake trout was sought with the Lake Michigan. In the 1973 catch in Wisconsin waters 
most diligence, persistence, and skill. In these cir- of Lake Michigan, lake trout constituted 334% of all 
cumstances, the long maintenance of high yields was salmonids creeled—an estimated 68,929 fish, and the 

possible because of the widespread distribution of a greatest number of any salmonid species. Nearly all 
number of lake trout populations, each fished up in- (99.44%) were taken trolling; the remainder were 
dividually. Hile et al. (1951b) documented an in- taken from pier, shore, and stream. These fish were 

crease in effective fishing efforts over a large part of caught primarily from Kewaunee north; recent plants 
Lake Superior during the 1930s and 1940s, and thus from Kewaunee south should spread this fishery in 
provided convincing evidence that average stock future years. Wisconsin has also added some shore 
densities were then falling despite the constant planting sites, which may make lake trout more 
yields. Jensen (1978) noted that the fishing became available to a seasonal fishery from shallow, inshore 
overexploited at about the same time that the sea areas (Daly et al. 1974). 
lamprey was first observed in the lake. Contributing When the natural populations of lake trout in Lake 
to this excessive exploitation, at least in shallower Michigan disappeared in the mid-1950s, the last 
waters, was the development of a lake trout sport known spawning lake trout disappeared with them. 
fishery in the second quarter of this century, which Despite the excellent growth shown by the stocked 
averaged 39,000 kg (86,000 Ib) from United States wa- trout, there has been no indication that they are re- 

ters between 1944 and 1950. producing. To establish a reproducing population, 
In Lake Michigan the lake trout was the most valu- 210,000 yearling trout were planted in 1976 on the
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Milwaukee Reef, offshore from Sheboygan and Port pinger 1970) was made of yearling splake stocked in 
Washington, and about one-third of the way across Pallette Lake in 1964. The average total length and 
Lake Michigan. Another 70,000 yearlings were planted weight of the fish at each year of life was: I—173 mm, 
on Horseshoe Reef in Green Bay. These are known, 51 g; II—236 mm, 94 g; IIJ—292 mm, 181 g; IV—351 
historic spawning grounds, and the Milwaukee Reef mm, 346 g; V—388 mm, 481 g; VI—531 mm, 1.85 kg. 
was the chief breeding ground for the southern half In comparison, age-II splake from Green Lake (O. 
of Lake Michigan before the lamprey problem. In Brynildson 1966) averaged 76 mm (3 in) longer and 
1978, lake trout fingerlings were lowered onto Horse- weighed twice as much. In Pallette Lake, the largest 
shoe Reef in Green Bay in the hope that they would splake taken was 648 mm (25.5 in) TL, and weighed 
imprint to the area and return later to spawn. 3.02 kg (8.85 Ib). Splake were relatively easy to catch 

A serious potential human health problem is asso- with minnows on hook and line in the thermocline 
ciated with the lake trout, because this fish fixes con- (9-11 m) at 10-12.8°C (50-55°F). 
siderable quantities of DDT, PCB, and other undesir- A 6.46-kg (14-Ib 4-0z) splake measuring 787 mm (31 
able substances in its body tissues. It has been shown in) long was caught on 7 June 1966 from Ada Lake; it 
that after 152 days of exposure to dieldrin and DDT was one of the fish originally stocked in that lake in 
in water, yearling lake trout had accumulated an av- 1959. It was 9 years old. According to Scott and 
erage of 478 ppb dieldrin or 352 ppb DDT (Reinert et Crossman (1973), in the Great Lakes individuals have 
al. 1974). In the early 1970s, high levels of toxic sub- been recaptured from 5 to 6 years after planting; 
stances in Lake Michigan trout and salmon exceeded some have weighed up to 7.26 kg (16 Ib). 
levels considered safe for human consumption by the In Lake Huron (Budd 1957), the recapture pattern 
FDA; the public and sport fishermen were warned suggests that splake travel considerably. Two fish 
not to eat more than one meal per week of such traveled a distance of about 161 km (100 mi) from the 

fishes. In May 1976, the Wisconsin Department of planting site. As the surface water warmed, the hy- 
Natural Resources issued an order which banned all brids moved into deeper water. In general, however, 
Lake Michigan lake trout sales for human consump- they did not go as deep as the lake trout, and were 
tion because of high PCB levels, and ordered that taken in late October and early November on shoals 

other means be found to dispose of trout caught in where lake trout were known to have spawned in 
fishing boat nets. previous years. 

Splake are omnivorous. In Pallette Lake they ate 
cisco and sucker eggs, plant materials (probably in- 

SPLAKE, OR WENDIGO gested incidentally while foraging for aquatic inver- 
The splake is a hybrid developed by fertilizing the tebrates), sand, and pebbles (O. Brynildson and 
eggs of a lake trout with the milt of a brook trout. Kempinger 1970). They selected the large (up to 18 
This hybrid was mentioned in the 1884 Report of the mm long) cladoceran, Leptodora kindtii. Few fish ap- 
Commissioners of Fisheries of Wisconsin, which peared in the stomachs of yearling splake, but in age- 
noted that 2,000 splake had been raised to the age of V splake (381-584 mm), fish constituted nearly 100% 
11 months. The fate of this experiment is not known. of the food. The yellow perch was most common, 

The splake is produced in fish hatcheries and dis- followed by smallmouth bass, sculpins, and min- 
tributed in lakes. It grows rapidly and matures early nows. In Green Lake, splake 279-457 mm long con- 
(age III), but it is less fertile than either of the parent sumed ciscoes. Splake food in South Bay, Lake Hu- 
species. It is more littoral in habit than its parents, ron, was mainly sticklebacks and diptera larvae; other 
thus making it less susceptible to lamprey attacks. common items were young smelt, nymphs of Odo- 

This hybrid was first stocked in Little Bass Lake (8 nata, Trichoptera, Megaloptera, Ephemeroptera, and 

km east of Woodruff) in 1958. Splake were reared in Mysis (Reckahn 1970). 
the Woodruff hatchery from fingerlings received from In 1974, 17 splake caught in the Lake Superior 
Michigan. Since then, the splake has been stocked in sport fishery comprised 0.1% of the harvest of sal- 
a number of Wisconsin lakes, including Crystal, monid fishes (King and Swanson 1975). Preliminary 
Black Oak, Pallette (Vilas County); Left Foot (Mari- results from stocking this hybrid have been encour- 
nette County); Ada (Langlade County); Lucerne (For- aging, and the splake appear to have good growth 
est County); Green Lake (Green Lake County); and rates. In 1976, the Lake Superior sport harvest in- 
Chain of Lakes (Waupaca County). It has also been cluded 106 splake weighing 72 kg, and in 1977 the 
stocked in Chequamegon Bay of Lake Superior. harvest was 46 fish weighing 42 kg (Sport Fish. In- 

A comprehensive study (O. Brynildson and Kem- stit. Bull. No. 293, April 1978, p. 7).
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Siscowet SYSTEMATIC NOTES 
According to Lawrie and Rahrer (1973) commercial 

fishermen and buyers recognize and assign different 
Salvelinus namaycush siscowet (Agassiz). Salvelinus—an monetary values to at least four variants: lean trout 

old name for char; namaycush—an American In- (lake trout), fat trout (siscowet), half-breeds, and hum- 
dian name for the lake trout; siscowet—an In- pers (bankers). 

dian name, probably from the same root as Two of the variants, the lean and the fat trout, are 
cisco. clearly distinct, at least at larger sizes, and have been 

Other common names: fat lake trout, fat trout, fats, accorded subspecific rank as S. namaycush namaycush 
fat char, half-breed. and S. n. siscowet (Jordan and Gilbert 1883, Eddy and 

Surber 1947, Khan and Qadri 1970). Hubbs and Lag- 

ler (1964) provisionally retained the subspecific rank- 
f ing of both variants; some authors (Agassiz 1850, 

Slastenenko 1958, Eddy and Underhill 1974) have 

A or raised the siscowet to specific rank. The siscowet and 
; Es) Be ee ee 7a the lake trout differ in head length, postorbital dis- 

S| A aes A tance, interorbital width, length of upper and lower 
= < ieee ae cos jaws (all head characters), and in mean number of 

: » fe anal fin rays and ribs (Khan and Qadri 1970). The 

lake trout is salmonlike in appearance; the siscowet 

has a deep, stout body and a small head, which gives 

it a grotesque appearance. In the lake trout, the 

a amount of fat in the tissues varies from 6.6 to 52.3%; 
. e in the siscowet, from 32.5 to 88.8%. The higher fat 

a ae content in the fish has an adaptive significance in 
P= italy ee buoyancy regulation (Eschmeyer and Phillips 1965, 

$ Mae. Crawford 1966). 
SS Rg ays The lake trout and the siscowet clearly prefer dif- 

e.. ferent habitats—inshore shallow waters and offshore 

- Percentage Fat 

Adult 860 mm, L. Superior (Ashland Co.), 29 Sept. 1977. Lateral (dry weight) 
view above and head view below. 100 

fat trout 
90 

DESCRIPTION 
Body deep and stout. Length 43-84 cm (17-33 in). 80 
Depth into TL 3.1-3.8. Head length into TL 4.7-5.0; 70 

head very short and deep, its upper surface broad 
and short, covered by a skin so thick as to com- 60 
pletely cover the bones; in lateral view, top of head 50 lean trout 
rounded or angular above eye, with a shortened humpertrott 
(pugnoselike) snout. Mouth terminal, slightly oblique; 40 
lower lip equal to upper or protruding slightly be- 30 
yond snout. Maxillary extending beyond posterior 
edge of eye; teeth on upper and lower jaws. Bran- 20 
chiostegal rays 12-15. All dorsal fin rays 13-15; all 10 
anal fin rays 13-15; pectoral fin rays 14-15; caudal 

fin deeply forked. Lateral scales 163-183 (Eddy and 0 eT 

Underhill 1974); Total Length (inches) 
Back, sides, and head, and dorsal, adipose, and 

caudal fins light green or gray with light spots; dis- The percentage fat in the flesh of three variants of lake trout 
tended belly white. from Lake Superior (Lawrie and Rahrer 1973:35)
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deeper waters, respectively. Lake trout characteristi- deeper part of the lake trout range, close to the upper 

cally spawn between late September and early No- limit of siscowet bathymetric distribution. According 

vember on gravelly beaches and on rocky shoals in to Lawrie and Rahrer, this suggests that half-breeds 

shallow waters; siscowets spawn from at least July to may reasonably be considered to be small siscowets, 

November (Eschmeyer 1955). Although the bathyme- not yet large enough to be readily distinguished from 

tric segregation of these two forms is not total, they ap- lake trout. Such a conclusion is implicit in the discus- 

pear to be reproductively isolated. Eddy and Under- sions of Eschmeyer and Phillips (1965) and Khan and 

hill (1974) suggested that the siscowet may represent Qadri (1970). 

a Pleistocene relict from the periglacial lakes which The humper as described by Khan and Qadri (1970) 

has survived to modern times only in Lake Superior. on the basis of specimens used by Rahrer (1965) is 

The so-called half-breed is considered by fisher- more like the siscowet than the lake trout in many 

men to be the result of a cross between the lean lake characters. Head length, postorbital distance, lengths 

trout and the fat siscowet. Khan and Qadri (1970) of upper and lower jaws, predorsal length, and length 

found no significant difference in the morphometry of caudal peduncle are similar in the two variants, as 

of half-breeds and siscowets or in their meristic are certain meristic characters, such as branchioste- 

counts, except for those of branchiostegal and anal gals, anal fin rays, ribs, and vertebrae. Rahrer (1965) 

fin rays. The fat content in relation to length of half- called attention to the external resemblance of the 

breeds is not significantly different from that for sis- humper to the siscowet. However, he noted that the 

cowets. Half-breeds are generally smaller than those humper’s thin ventral body wall (“paper-belly”) and 

fish unequivocally classified as siscowets by the in- the limited amount of fat on its viscera would distin- 

dustry (Lawrie and Rahrer 1973). Half-breeds are guish it from the siscowet. Kahn and Qadri (1970) re- 

commonly taken at depths which lie within the garded the humpers as constituting a distinct group,
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but offered no further comment. The taxonomic sta- specimens caught at the surface contain these insects 
tus of the humper trout is not yet clear. as well as undigested bottom fish. A siscowet has 

very little room in its stomach for food. The amount 
DISTRIBUTION, STATUS, AND HABITAT present, Thurston (1962) noted, represents a small 
In Wisconsin, the siscowet occurs only in Lake Su- fraction of the food found in the stomach of a lake 
perior. It has been increasing in the commercial catch trout of the same size. 
since the early 1970s, and its status appears secure. The siscowet is notable for its high fat content, 

The siscowet is normally taken below 91 m and is which is among the highest of known fishes. The 
encountered most frequently at depths of 150-180 m. percentage of fat increased progressively with the in- 
According to Eddy and Underhill (1974), it lives at crease in the length of the fish (see figure, p. 330). 
depths of 550 m. Only rarely does it appear on the Eschmeyer and Phillips concluded that the wide dif- 
surface. It may spend its entire life at water temper- ference in fat content between siscowets and lake 
atures that seldom exceed 4.5°C (40°F). trout is genetically determined. In an analysis of sis- 

cowet fillets, Thurston (1962) found 41.4% moisture, 

BIOLOGY 9.6% protein, 48.5% oil, and 0.58% ash compared to 
The siscowet spawns supposedly in deep water 73.0%, 18.0%, 9.4%, and 1.02%, respectively, in lake 
(91-146 m), probably from late July to late November, trout fillets. 
although two specimens—one nearly spent and an- The siscowet does not blow up when taken from 
other nearly ripe—were taken on 8 June (Eschmeyer depths of 183 m whereas lake trout captured at only 
1955). The average egg production of the siscowet was 73 m are ready to burst when brought to the surface 
1,160/kg, 28% less than the average egg production (Thurston 1962). 
(1,615/kg) of lake trout from southern Lake Superior. 

Siscowets 427-869 mm (16.8-34.2 in) TL produced 

1,093-10,476 eggs; the egg diameter was 3.6—-5.2 mm. IMPORTANCE AND MANAGEMENT 

Siscowet females mature at smaller sizes than lake The siscowet is not generally available to the angler, 
trout; a female measuring 427 mm (16.8 in) TL and and for that reason is not ranked highly as a sport 
weighing 862 g (1.9 lb) was 211 mm shorter than the fish. 
shortest and 1.77 kg lighter than the lightest mature Before the invasion of the sea lamprey (which al- 
female lake trout taken in nine prespawning and most depleted both the lake trout and the siscowet) 
spawning-run collections in southern Lake Superior some commercial fishermen specialized in siscowet 
in 1950. The catch also included a 399-mm, 590-g fishing (Thurston 1962). In a single season two men 
(15.7-in, 1.3-Ib) ripe male siscowet (Eschmeyer 1955). in an 11-m (35-ft) boat, using gill nets, could take up 
Siscowets may exceed 23 kg (50 Ib) in weight, and to 18,000 kg (40,000 Ib) of these fish, which sold for 

may reach 20 years of age. about the same price as lake trout. The catch was 
The siscowet feeds primarily on deepwater fishes frozen and then smoked. The siscowets, according 

such as coregonids and sculpins, and occasionally on to Thurston, were usually not marketed in the Great 
burbots and longnose suckers (Eddy and Underhill Lakes area, but were shipped to the East Coast for 
1974). Of the stomachs of 42 siscowets taken at a sale to special customers. 

depth of 183 m off Grand Marais, Minnesota, 18 con- In Wisconsin, the fishery for siscowets has been 
tained small bloaters and kiyis; 2, large coregonids developing slowly since 1970, following the recovery 
(probably shortjaw ciscoes); 25, 1 or more fourhorn of the siscowet population from the effects of sea 
sculpins; and 14, eggs of that sculpin. While some of lamprey predation. Recruitment to this population has 

the eggs may have been released from ingested scul- been strong through several year classes. Market 
pins, there was one stomach that contained nothing conditions have determined production levels in re- 
but eggs. A number of stomachs contained small cent years: 1970—1,300 kg; 1971—9,400 kg; 1972— 
pebbles. Occasionally siscowets are caught near the 19,000 kg; 1973—20,000 kg; and 1974—42,000 kg (an 
surface at night during June and July when the water additional 7,000 kg were taken in the Indian fisheries 
temperature is about 4.5°C (40°F) (Thurston 1962). in 1974). The abundance of siscowets has increased 
They apparently come up to feed on flies, bees, and as measured by catch per unit of effort data from 
millers that float on the surface, for the stomachs of commercial nets (King and Swanson 1975).
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Subfamily Coregoninae—Whitefish and Chubs 

The Coregoninae in Wisconsin consist of two species of Prosopium and 
nine species of Coregonus (the latter all valuable food fish). However, the 
genus Coregonus includes fishes which are among the most taxonomi- 
cally difficult of any group of Wisconsin fishes. The lake whitefish (Core- 
gonus clupeaformis) is easily identified but the other Coregonus species are 
not. Until about 1961, the others were called Leucichthys and comprised 
that large group of fishes called ciscoes and/or chubs. Five of these—C. 
johannae (deepwater cisco), C. alpenae (longjaw cisco), C. reighardi (short- 
nose cisco), C. kiyi (kiyi), and C. hoyi (bloater)—are restricted to the Great 

Lakes basin. They are known as endemic species and generally inhabit 
the deeper waters of the Great Lakes; they are not known to occur any- 
where else. The other members of the genus, whose ranges extend into 
other drainage basins, are C. artedii (lake herring), C. nigripinnis (black- 
fin cisco) and C. zenithicus (shortjaw cisco). 

The Coregoninae have no more than 15 dorsal fin rays, large rounded 
scales, no maxillary teeth, small eggs, young usually without parr marks, 
and parietal bones that meet at the midline. 

The ciscoes and chubs have been a mainstay of a large and lucrative 
fishing industry in the Great Lakes, and, until the early 1960s, provided 
a healthy income for fishermen whose ancestors had learned the trade 
in the “old country” and taught it to them. Some coregonine fishes of 
Lake Michigan, however, could not tolerate heavy exploitation; and by 

the turn of the century the two largest species, the deepwater and the 
blackfin ciscoes, were already seriously depleted; even before the arrival 
of the sea lamprey in the 1940s, they were near extirpation. Meanwhile, 
the fishermen had turned to the medium-sized chubs using smaller gill- 
mesh sizes and intensifying their fishing efforts. The sea lamprey, after 
depleting Lake Michigan in the early 1950s of its favorite prey species, 
the lake trout, then began to prey on the larger remaining chubs. By 
early 1960 all cisco species in Lake Michigan were in serious trouble, and 
most of them were near extirpation. Only one small species, the bloater, 
managed to survive, increase in numbers, and sustain the smoked fish 

trade. Yet its success was short-lived, and by the early 1970s it also went 
into serious decline. 
Another newcomer, the aggressive alewife, may have added to the 

chubs’ problems by competing with them for food and for living space. 
The alewife also has been accused of eating unprotected chub eggs. 

The trends in chub decline in Lake Superior have been similar to those 
in Lake Michigan, but the effects have been far less severe. 

As a result of these population declines most boundary water cisco 
species have been extirpated or given endangered status. As of this 
writing, only two species, the lake herring and the bloater, remain in 
Wisconsin waters in any numbers, and even these forms have been greatly 

modified from their original descriptions, suggesting hybridization with 
each other and perhaps with other species. Details of this history have
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been supplied by Moffett (1957), S. H. Smith (1964, 1968b), and Woods 
(1970). 
Elements of the taxonomy of cisco species have recently been scruti- 

nized. Cisco identification has been primarily based on Koelz’s monu- 
mental work, published in 1929, which for a long time went largely un- 
challenged. A recent review of Koelz’s taxa by personnel from the Great 
Lakes Fishery Laboratory at Ann Arbor has indicated errors (Parsons et 
al. 1975, Parsons and Todd 1974, Todd 1977) and the need for a modern 

revision of the genus. Some proposed changes have been incorporated 
into my species accounts which follow. 

In view of the above, my identification key to the species of ciscoes 
and the descriptions of the fish in my species accounts are perhaps more 
valuable from a historical perspective than of immediate use to the biol- 
ogist with a fresh specimen in hand (especially if it is from Lake Michi- 
gan). Cisco identification has always been difficult, and even present- 
day experts are confused.
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Lake Whitefish jority of females; conspicuous on head and body, 

faint on fins. On first 4 rows above and below lateral 
line, 1 large tubercle in center of exposed portion 

Coregonus clupeaformis (Mitchill). Coregonus—angle-eye, of each scale and smaller tubercles possibly occur- 
coined by Artedi from the Greek meaning pupil ring on either or both sides. Head tubercles well de- 
of the eye and angle; clupeaformis—herring- veloped and numerous, but small and irregularly 
shaped. distributed. 

Other common names: whitefish, common white- Hybrids: Lake whitefish x lake herring, lake 

fish, eastern whitefish, Great Lakes whitefish, whitefish x round whitefish (Schwartz 1972). 
inland lake whitefish, gizzard fish. 

SYSTEMATIC NOTES 
Koelz (1929) recognized three subspecies of C. clu- 

peaformis in Wisconsin waters: C. c. clupeaformis in 
Lakes Michigan and Superior, C. clupeaformis dustini 

ne F in Trout Lake (Vilas County), and C. clupeaformis neo- 

me) Lk | hantoniensis in Lake Lucerne (Forest County) and 
— ey a possibly in Keyes Lake (Florence County). 

3 Se, It is generally accepted that in large lakes like Su- 
perior and Michigan there are discrete populations 

E with quite different growth characteristics within the 

Adult 297 mm, Nipigon, Ontario, Canada, 29 Aug. 1969 same lake, even though these populations may be 
separated by relatively short distances (Lawrie and 

DESCRIPTION Rahrer 1973, Mraz 1964b). Through the electropho- 
The following is based largely on Koelz’s (1929) de- retic analysis of muscle enzymes of lake whitefish 
scription of Lake Michigan specimens. from the Wisconsin and northern Michigan bound- 

Body elongate, laterally compressed, its width equal ary of Lake Michigan, Imhof and Booke (1976) have 
to about 50% of its depth. Average length 457 mm assumed that this area contained two such distinct 
(18 in). Depth into TL 3.9-4.3 (3.3—-4.8). Head length populations, and the results of a later study (Leary 
into TL 4.4—4.8 (4.2-5.3). Snout into head length 3.4— 1979) disclosed at least four populations of lake 

3.7 (3.2-4.1). Premaxillaries with a backward slant whitefish. 

(retrorse), making the mouth inferior and subter- 

minal. Maxillary seldom reaching beyond the ante- DISTRIBUTION, STATUS, AND HABITAT 

rior edge of pupil; maxillary always pigmented; max- In Wisconsin, the lake whitefish occurs in the Missis- 
illary length into head length 3.2-3.4 (3-3.8). Lower sippi River, Lake Michigan, and Lake Superior 
jaw without pigment and symphyseal knob; lower jaw drainage basins. It occurs in the littoral waters of Lakes 
tip behind upper jaw; mandible into head length, 2.4— Michigan and Superior. It has been reported inland 
2.7. Eye into head length 3.8-5. Gill rakers short, the from Trout and Allequash lakes (Vilas County)—the 
longest shorter than the longest gill filament; gill only records of this species from the Mississippi 
rakers 26-28 (19-33). Dorsal fin rays 11 (10-12); anal drainage basin. The Allequash Lake record consisted 

fin rays 11 (10-12); pectoral fin rays 15-16 (14-17); of one fish taken in Department of Natural Re- 
pelvic fin rays 11 (10-12); pectoral fin length into dis- sources sets on 22 April 1949; this fish might have 
tance from pectoral origin to pelvic origin 1.7-2 (1.5- been a migrant from Trout Lake (T. McKnight, pers. 
2.3); pelvic fin length into distance from pelvic origin comm.). 

to anal origin 1.5-1.8 (1.32). Scales in lateral line 81— In the Lake Michigan basin, the lake whitefish is 
88 (74-93); scales around body anterior to dorsal and known from Lucerne Lake (Forest County); Keyes 
pelvic fins 48-50 (46-52). Chromosomes 2n = 80 Lake, and the Brule River (Florence County); and the 

(Booke 1968). Menominee River (Marinette County) (McKnight et 

Color in life silvery. Back pale pea green, palest be- al. 1970). Lake whitefish were present in the Brule 
hind the dorsal fin and fading toward the tail, ob- Flowage (Florence County) in a 1968 survey (L. 
scured by wide bands of pigment around the free Frankenberger, pers. comm.). A lake whitefish was 
edges of the scales and fins. Sides bluish; belly whit- taken by an eagle from the surface of Badwater Lake, 
ish. a widespread of the Menominee River near Spread 

Breeding tubercles present on all males and ma- Eagle outlet (Florence County); the eagle was fright-
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ened into dropping the fish (B. Jacob, pers. comm.). As the ice leaves Lake Michigan, the lake whitefish 
Jacob identified four lake whitefish from the Michi- is found in abundance at 37-55 m, and occasionally 
gamme River (northern Michigan), which joins the at 110 m or deeper; in July, as the water warms, it 
Menominee River 5 km northeast of Florence (Flor- occurs at 5-37 m (Koelz 1929). In Trout Lake, it oc- 
ence County). curs at 15-33 m in July (Hile and Juday 1941). 

The lake whitefish is declining and possibly 
threatened in Lakes Erie and Ontario. It is common 
in Lake Huron, and abundant in Lake Superior and BIOLOGY 

the northern half of Lake Michigan (Todd 1978). P. W. In Lake Michigan, the time of spawning may vary 
Smith (1979) has never seen specimens from the IIli- from year to year, but it begins sometime between 25 
nois waters of southern Lake Michigan, but has re- October and 15 December, and continues for about 
ceived a 1972 report of its presence near Waukegan. 2-6 weeks. Historically, some Green Bay lake white- 
In Wisconsin the lake whitefish is uncommon to fish spawned in streams tributary to Green Bay (Wells 
common in Lakes Michigan and Superior; its status and McLain 1973), but today spawning occurs over 
in inland lakes and rivers is not known. gravel, honeycomb rock, or small stones in 2-18 m of 

The lake whitefish is essentially a shallow water water along the shores of the lake and on the reefs 
coregonid. In the Apostle Islands region of Lake Su- around the islands.In late October and early Novem- 
perior, it generally inhabits depths of 18-37 m, and ber 1974, lake whitefish spawned over honeycomb 
is not found below 71 m (Dryer 1966). In Green Bay rock in the Lake Michigan bays of northern Door 
during May, it occurs in less than 18 m; during Sep- County (L. Fredrich, pers. comm.). 
tember, it is found at 18-24 m (Van Oosten et al. 1946). In Trout Lake (Vilas County), lake whitefish spawn
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from early through mid-November; at times they thoroughly described by Fish (1932), Price (1934, 1935), 

continue spawning through late November (Mc- and Hinrichs (1979). 

Knight et al. 1970). Shoal water temperatures re- In South Bay of Lake Huron, larval whitefish were 
corded early in the season were 6.1-4.4°C (43-40°F). captured at depths of 10 m or less. Maximum num- 

Spawning occurs at night. It is accompanied by bers appeared to be closely associated with a water 
considerable jumping and playing. The fish rise to temperature of 4°C (39°F), which occurred at various 
the surface, occasionally in pairs, and sometimes in times between the third week of April and the third 
trios composed of one female and two males; the fe- week of May (Faber 1970). In late June and early July, 
male emits spawn on each rise, and the males, postlarval lake whitefish (in South Bay) were sampled 
smaller-sized than the female, simultaneously dis- in shallow 17°C (63°F) water near emergent vegeta- 
charge milt. The eggs are broadcast and settle to the tion (Reckahn 1970). They were taken in association 
bottom; they receive no parental care. with spottail shiners. Their food consisted mostly of 

The production of eggs per female varies with size cladocerans, but bottom organisms, including ale- 
of fish. A 907 g (2 Ib) female held 25,000 eggs, and a wife eggs, were also eaten. In early July, they left the 
5.90 kg (13 Ib) fish held 130,000 eggs (Beard 1943). shallows and migrated approximately 4 km toward 
The eggs are orange-yellow in color, and have a di- deeper water, moving through a region inhabited by 
ameter of 2.95 + 0.01 mm (Booke 1970). an abundant perch population. After this descent 

The eggs of the lake whitefish hatch during late they were in 17°C (63°F) water, in company with 
March or early April; they require about 133 days of large numbers of trout-perch. Near the end of Au- 
incubation at a water temperature of 1.7°C (35°F) gust, they descended into deeper and colder waters 
(Beard 1943). A heavy mortality occurs among the (Reckahn 1970). 
developing eggs; probably not more than 13% sur- From 1974 to 1976, concentrations of larval lake 
vive to the eyed or fry stage. In the laboratory, the whitefish appeared on inshore reefs in Moonlight 
optimum temperature range for the incubation of eggs Bay, North Bay, and the Rowleys Bay of Lake Michi- 
is 3.2-8.1°C (37.8-46.6°F), and the time from fertil- gan (Door County) shortly after ice-out in April 
ization to median hatch is inversely related to water (Fredrich 1977). They soon dispersed into a series of 

temperature; it ranges from 41.7 days at 10°C to 182 shallow, protected bays along the western shore of 
days at 0.5°C (Brooke 1975). At hatching, the lake Lake Michigan. During April and May they fed on 
whitefish larva is 13.25 mm long (Hinrichs 1977). The plankton, but by August, in deeper waters at the 
early development of the lake whitefish has been mouths of the bays, they had turned to Pontoporeia, 

the food mainstay of the adults. Growth was about 
. Zo ee 25 mm (1 in) per month during the first season. 
SS ee Little is known about the life history of lake white- 

fish from the time the young are slightly more than 
==> 

g eS 25 mm long until they appear in the fishermen’s nets 
about 3 years later. 

The Bayfield (Lake Superior) population was by far 
the slowest growing of the four lake whitefish popu- 

cee lations from Lake Superior studied by Dryer (1963). 
a _gagenenened gee reg I ‘ Lake whitefish from Trout Lake (Vilas County) are es- 

: ae os - pecially slow growing, probably as a result of com- 

e 2 oe pace petition with a strong cisco population. A “dwarf” 
a vevnecusizgpaaitl —_ population was reported by Edsall (1960) from Mun- 

ising Bay of Lake Superior, in which the average cal- 
culated total length at the end of the 9th year of life 
was 328 mm (12.9 in); at the end of the 16th year, it 

_ was only 411 mm (16.2 in). Calculated total lengths 
b. Se a of lake whitefish at the end of each year of life are 

> {io <= KE shown on the following page. 
oak: < ge ene ei rater ate Annulus formation in Lake Superior lake whitefish 

»- WW) occurred in mid-June. Records on the progress of the 

Preserved lake whitefish larva, South Bay, L. Huron. Dorsal view season's growth suggest that one-third or more of the 

(top), lateral view (middle), ventral view (bottom). 13.6 mm TL; total growth occurred after 15 August (Dryer 1963). 
pre-anal myomeres, 39; post-anal myomeres, 13 (Faber 1970:494). Lake whitefish from Bayfield, Lake Superior, shorter
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Age and Growth (TL in mm) of the Lake Whitefish in Wisconsin 

Location fi! 2 3 4 5 6 7 8 9 14 Source 

L. Superior, Bayfield 130 203 277 «338 «0381 424« «465508544 Dryer 1963 
L. Michigan, Europe Bay 142 249 «351 434«« 495538 594. 64060 Mraz 1964b 
L. Michigan, Moonlight Bay 174 298 «4416 «488 «551 598 «633668 UWSP 5548 
Green Bay near Cedar R. 152 282-391 «465 «516551 592.1222" Mraz 1964b 
L. Michigan, Big Bay de Noc, Upper Michigan 142 239 351 455 Roelofs 1957 

Trout L. (Vilas Co.) 81 117) 151 181 207 230 251 275 303 366 Hile and Deason 1934 

* 2.84 kg 
» 5.16 kg 
© 2.63 kg 

than 368 mm (14.5 in), were immature, and those at a list angle of 30 to 40° (Colby and Washburn 1972). 

longer than 442 mm (17.4 in), mature. The youngest Individual fish made abrupt, vertical turns, with 
mature fish belonged to age-group V, and all fish their heads down and their tails toward the surface, 
older than age VII were mature (Dryer 1963). In while moving vigorously, as if to push their snouts as 
Green Bay (Lake Michigan), the youngest mature far as possible into the marl substrate. This behavior, 
male whitefish belonged to age-group II, and young- and the cloud of suspended sediment it raised near 
est mature females to age-group III. All age-IV fish the bottom, seemed to excite other lake whitefish and 
were mature. The shortest mature males were 368-378 a few lake herring. Fish of both species darted about 
mm (14.5-14.9 in) long; the shortest mature females the suspended sediments as though feeding. 
were 419-429 mm (16.5-16.9 in) long. All males Cyclic movements characterize the behavior of the 
longer than 505 mm (19.9 in) and all females longer lake whitefish. Twice during the year, these fish 
than 467 mm (18.4 in) were mature (Mraz 1964b). move into shoal waters—in the spring, and again in 

The lake whitefish is the largest of the coregonines. the fall spawning period. In the Green Bay region of 
The largest specimens weigh 9 kg (20 Ib) or more, but Lake Michigan, the best catches of legal and illegal 
the average weight does not exceed 1.8 kg (4 Ib). In- whitefish in May were made in less than 18 m of 
dividuals heavier than the average are termed “jum- water; in September, between 18 and 24 m (Van Oos- 

bos” by commercial fishermen. An 11.8-kg (26-Ib) ten et al. 1946). In the mid-1970s, the best catches in 

lake whitefish was taken from Drisco Shoals in Green Lake Michigan occurred during October (F. Copes, 
Bay on 4 June 1938, and Van Oosten (1946) was in- pers. comm.). As the water warms during the sum- 

formed of a 19.05-kg (42-Ib) fish caught off Isle Roy- mer, lake whitefish migrate into deeper offshore 
ale, Lake Superior, in about 1918. areas; in eastern Lake Superior fishermen reported 

Adult lake whitefish generally consume Pontopor- them at 110-128 m (Koelz 1929). 
eia, pelecypods, gastropods, Diptera larvae, and pu- The total distance traveled by an individual lake 
pae. Other common food items are Mysis, hydrach- whitefish is generally restricted. In one study, more 
nids, isopods, ostracods, fish scales, and oligochaetes, than half of the tagged lake whitefish in the Apostle 
and, occasionally, sticklebacks, and young alewives Islands area of Lake Superior were recovered within 
(Reckahn 1970). 8 km (5 mi) of the tagging site; the greatest distance 

In the stomachs of 160 lake whitefish collected off traveled by an individual was 40 km (25 mi) (Dryer 

Alpena (Lake Huron), Carl Hubbs found primarily 1964). Of 101 tag returns in Lake Michigan lake 

Pontoporeia, as well as Sphaerium, Amnicola, other whitefish, only 4 were recovered at distances greater 
small mollusks, sand, gravel, cinders, wood frag- than 40 km (25 mi) from the release site (O. B. Smith 
ments, seed, Chironomidae larvae, and occasional and Van Oosten 1940). Gunderson (1978) noted a 

bryozoan statoblasts, adult land insects, Trichoptera substantial movement of lake whitefish which had 
larvae, Corixidae, and sculpin sp. (cited by Koelz been tagged in North and Moonlight bays (the open 
1929). The stomachs of six whitefish (406-432 mm lake side of Door County), to the Peshtigo Reef and 

TL) from Torch Lake, Michigan, caught on hook and Chambers Island areas within Green Bay. This popu- 
line were filled with nymphs of Hexagenia sp. (Colby lation also migrated back to North and Moonlight 
and Washburn 1972). bays in the fall to spawn. In another study, one lake 

In Torch Lake, Michigan, lake whitefish were ob- whitefish traveled 242 km (150 mi) from its tagging 
served feeding in an area chummed with bloater site in South Bay (Lake Huron), but tag returns sug- 
eggs. Upon arrival the school of whitefish dispersed gest that the South Bay stock returns to South Bay 
and slowly swam about in random circular patterns during the winter or early spring (Budd 1957).
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The lake whitefish is a strong schooling fish. All In consequence of its food value, the whitefish, in the ear- 
lake whitefish in one catch may be taken in one or lier days, was sought for the markets with the aid of every 
two boxes of nets out of a gang of gill nets consisting device that human ingenuity could invent. At no season 

of several boxes, and out of half a dozen pound nets was the pursuit relented, and no fish were too small to be 
in the same neighborhood, only one may take fish taken. The smallest, together with the herring and the stur- 

(Koelz 1929). It appears that schools of lake whitefish geon, often were carried out onto the beach because they 
are local in their habits, and do not wander over wide Were so numerous that they anfertered with the captiieiot 

the larger whitefish. Though originally whitefish were 
stretches of a lake. found in incredible abundance all along the shores of the 

lakes (in fact it is said that the species was the predominant 
one on the shoals), they could not endure long such drains 

IMPORTANCE AND MANAGEMENT on their numbers. Where for 1880 the Federal statistics 

The major predators of lake whitefish are the lake show a production in Lake Michigan of over 12,000,000 
trout, northern pike, and burbot. Occasionally perch pounds of whitefish, the catch for 1922 is given as a little 

and ciscoes feed on whitefish larvae, and lake white- over 1,500,000 pounds, despite the great increase in quan- 
fish sometimes consume their own eggs (Scott and tity and effectiveness of the fishing apparatus and increase 

88 in value of the fish taken. It is noteworthy, also, that the 

Crossman 1273): . 7 areas that produced the whitefish of 1880 are not those that 
In Wisconsin's inland lakes, fishermen angle for yielded the bulk of the 1922 catch. 

lake whitefish through the ice, jigging with various 
spoons, such as the “Swedish Pimple” and color- Lumbering and sawmill pollution also took their 
beaded hooks (McKnight et al. 1970). A number of tolls of lake whitefish in Lakes Superior and Michi- 
2.7-3.2-kg (6-7-Ib) lake whitefish are taken from Lake gan. Commercial fishermen often complained that 
Lucerne (Forest County) each winter. Trout Lake usu- deep drifts of sawdust blanketed many whitefish 
ally produces whitefish weighing between 0.3 and spawning beds in the lakes, and they believed that 
1.4 kg (0.7 and 3 lb). During spawning, there is lim- these inhibited spawning and suffocated any eggs 
ited fishery with seines and dip nets. that had been deposited. Sawmill refuse in enormous 

The lake whitefish is considered to have the finest quantities was thrown into streams to float out and 
flavor—superior to lake trout—of any of Wisconsin’s sink in the lakes. Water-logged slabs tore and carried 
commercial fishes. It brings the highest price of any away fishermen’s nets. Many of the lake whitefish 
fish on the market, except for sturgeon, and its value spawning areas in streams (some streams were en- 
as food is recognized throughout North America. tered for spawning in early lumbering days) and in 
Lake whitefish may be smoked, baked, pan-fried, or the lakes near river mouths must have been de- 
broiled with equal success. Whitefish eggs are a stroyed by lumbering operations (Lawrie and Rahrer 
gourmet delicacy, and are marketed as caviar; in 1979, 1973, Wells and McLain 1973). 
they sold for a price of $17 per kilo ($7.75/Ib). The history of lake whitefish production is a study 

Historically, the lake whitefish played an important of highs and lows, but the reasons for this cyclic phe- 
role in the Indian economy because of its ready avail- nomenon are not clearly understood. In Lake Michi- 
ability. The Chippewas, who had a permanent village gan, the highest production since 1940 occurred in 
at Sault St. Marie on the Saint Mary’s River connect- 1947, when 819,281 kg (1,806,174 lb) were harvested. 

ing Lake Superior and Lake Huron, lived by fishing There was a drop to an all-time low of 4,182 kg (9,219 
and making sugar on the maple islands. In the spring Ib) in 1958. Production then gradually increased until 
thousands of other Indians gathered there to trade 1974, when 532,620 kg (1,174,208 Ib) were harvested; 

furs at the warehouses and to gorge on lake whitefish this was valued at $978,252. The bulk of the present 
from the river. Two men in a canoe could catch 2,270 commercial harvest occurs in the Door County area, 
kg (5,000 Ib) of whitefish in half a day: they dipped with gill nets (114 mm stretch) and pound nets as the 
whitefish weighing 2.7-6.8 kg (6-15 Ib) out of the principal methods of harvesting (Wis. Dep. Nat. Re- 
rapids with a scoop net on a pole. The Indians then sour. 1976c). 
feasted around campfires, and the wind carried the Wells and McLain have suggested that a contribut- 
savory odor of roasting whitefish for many kilome- ing factor to the success of the 1943 year class in Lake 
ters (Havighurst 1942). Michigan (which was responsible for the excellent 

With the opening of the upper Midwest to settle- 1947 harvest) was the phenomenal decline of smelt 
ment, the lake whitefish was quickly exploited. Koelz in the winter of 1942-1943, which would have left the 
(1929:522-523) wrote: lake whitefish fry free of possible interference from
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smelt in 1943. Possibly substantial increase in the Lake Superior lake whitefish, which live in shallow 
smelt population was a factor in the decline of lake waters, were protected from sea lamprey predation 
whitefish numbers to the extremely low levels of the by the availability of preferred prey species, such as 
late 1950s. lake trout, large chubs, and burbot, which live in the 

After the lake trout’s collapse in the early 1950s due deep waters with the sea lamprey. The sea lamprey 
to sea lamprey predation, the lake whitefish may also did not prey heavily on lake whitefish in Lake Supe- 
have been victimized extensively. Roelofs (1957) be- rior (S. H. Smith 1968b). 
lieved that a high mortality rate (94%) among lake Jensen (1976) found that the whitefish populations 
whitefish between ages III and IV in Big Bay de Noc in most areas of Lakes Superior and Michigan had 
(northern Green Bay) in 1951-1954 may have been been overexploited, and that yield in these areas was 
due to sea lamprey attacks; local commercial fisher- below the maximum sustainable yield before the sea 
men had reported that large numbers of dead, com- lamprey took its toll. 
mercial-sized whitefish, showing a high incidence of In the Great Lakes region, the lake whitefish was 
lamprey scarring, had drifted into their nets. Wells once artificially propagated on a large scale to restore 
and McLain (1973) and Poff (1974) attribute the in- dwindling stocks, but this activity has been greatly 
crease of lake whitefish in Lake Michigan in the 1970s curtailed because there is little evidence that the mil- 
primarily to the decline of sea lamprey predation. Re- lions of fry planted at considerable expense have in- 
cent work in northern Lake Huron has shown that creased or even maintained the supply of fish. 
the scarring rate on lake whitefish is influenced not Mid-1970s estimates of the North Bay and Moon- 
only by the abundance of the sea lamprey, but also light Bay lake whitefish spawning stock (1.1 million) 
by the abundance of other prey species such as the and of the Wisconsin Lake Michigan lake whitefish 
white sucker. population (1.2-1.5 million) indicated that this 

In Lake Superior, the highest production since 1940 spawning stock was a major component of the Wis- 
occurred in 1949, when 347,000 kg (764,000 Ib) of lake consin Lake Michigan lake whitefish population. 
whitefish were harvested. In 1965 there was a drop Humphreys (1978) noted that the Wisconsin Lake 
to a low of 21,000 kg (46,000 Ib); after that, produc- Michigan fishery may be managed as a single stock. 
tion gradually increased to 102,000 kg (225,000 Ib) in He suggested that more fish should be harvested at 
1971. Production held at a fairly steady level in the a smaller size to obtain a maximum yield, as 82% of 
1970s. In 1974, 96,000 kg (212,000 Ib) were netted by the harvest was larger than the critical size of 489 mm. 
commercial fishermen and 23,000 kg (50,000 Ib) were His data did not indicate that the 432-mm (17-in) size 
taken in the Indian fisheries (Wis. Dep. Nat. Resour. limit should be changed. 
1976c).
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Cisco or Lake Herring? Breeding tubercles present on all males; less well 

developed on females. A spent male specimen from 
Minocqua Lake (Oneida County) with small, scat- 

Coregonus artedii Lesueur. Coregonus—angle-eye, tered tubercles on head, and a single large tubercle 
coined by Artedi from the Greek meaning pupil (cornified pad) on the caudal edge of each body scale. 
of the eye and angle; artedii—of Artedi, after Hybrids: Cisco x lake whitefish, cisco x bloater, 
Petrus Artedi, the “Father of Ichthyology,” and cisco X round whitefish (Schwartz 1972). According 

an associate of Linnaeus. to S. H. Smith (1964), the “new” ciscoes resembling 

Other common names: shallowwater cisco, common artedii, that have appeared in Lake Michigan, which 
cisco, Great Lakes cisco, freshwater herring, are more robust and have broader, deeper bodies 

sand herring, the herring, chub, tullibee, gray- than typical artedii, are probably hybrids with the 

back tullibee, blueback tullibee, blueback. bloater. 

SYSTEMATIC NOTES 
C. artedii exhibits variations from one body of water 

, to another. Koelz (1931) recognized 24 subspecies of 
men ee C. artedii, 9 of which he assigned to ciscoes in inland 

Apatite a a lakes of Wisconsin. It is now accepted that these 
ei TN eee 7 variations are primarily caused by environmental ef- 

i fects, since the cisco is sensitive to and responsive to 
changes in the environment. Some characters, how- 
ever, are genetically fixed and do not readily change 

Adult 386 mm, Sunset L. (Portage Co.), 19 Sept. 1975 (e.g., gill raker numbers). The subspecific concept is 
being abandoned by current taxonomists. In some 

DESCRIPTION northern waters of Wisconsin, the deep-bodied form 
The following is based largely on Koelz’s (1929) de- is commonly referred to as the tullibee. 
scription of Lake Michigan specimens. 
_Body elongate, almost round in cross section; side DISTRIBUTION, STATUS, AND HABITAT 

view decidedly elliptical. Average: length 267 mm In Wisconsin, the cisco or lake herring occurs in the 
(10'5an)sDepthante: ELt 89 (3.6-5.3). Head length Mississippi River, Lake Michigan, and Lake Superior 
ante Tha (4.1/9). Snout inte head length 3.7-4 drainage basins. It inhabits relatively shallow waters 
(3.3-4.3). Anterior maxillary darkly pigmented; max- of Lakes Michigan and Superior and more than 126 

allay: length into head length 2.73 (2.5-3.3). Lower deep inland lakes of northern and southeastern Wis- 
jaw weak, moderately pigmented; lower jaw with — consin (Hoy 1883, Koelz 1929, Frankenberger 1957, 
symphyseal knob; tips of upper and lower jaws Wis. Dep. Nat. Resour. 1974, McKnight et al. 1970). 

equal. Eye into head length 4-4.2 (3.6-4.7). Gill rak- A Lake Winnebago record is believed to have been a 
ers long, 46-50 (41-55). Dorsal fin rays 9-11 (8); anal stray from Green Lake (Becker 1964b). 

fin rays 10-12 (13); pectoral fin rays 15-16 (14-18); The cisco is endangered in Lakes Ontario and Erie, 
pelvic fin rays 11 (10-12); pectoral fins medium long, rare in Lake Huron, declining and possibly threat- 

pectoral fin length into distance from pectoral origin ened in Lake Michigan, and declining in Lake Supe- 

to pelvic origin 1.9-2.2 (1.6-2.6); pelvic fins medium —_ sig (Todd 1978, Parsons et al. 1975). In Wisconsin’s 
long, pelvic fin length into distance from pelvic ori- northern inland lakes, the cisco is common to abun- 
gin to anal origin 1.6—1.8 (1.42.3). Scales in lateral dant. In the Madison area lakes, it is rare to extir- 
line 77-84 (68-94); scales around body anterior to pated; however, one individual was taken through 
dorsal and pelvic fins 40-42 (38-46). Chromosomes the ice in Lake Monona in 1978. In Waukesha County, 

2n = 80 (Booke 1968). it is still known from Pine Lake, but is probably ex- 
Color in life silvery with faint pink to purple iri- tirpated in Nagawicka, Fowler, Lac La Belle, Upper 

descence on the sides. Back blue-green, pea green, and Lower Nemahbin, Upper and Lower Nashota, 

or tan and gray; back usually darker than sides, thus Silver, and Dutchman lakes. In Wisconsin, the cisco 
accounting for the common names blueback and (herring) has been given watch status (Wis. Dep. Nat. 

grayback. Resour. Endangered Species Com. 1975). 

“The name “lake herring” is commonly applied to the cisco of the In southern Lake Michigan, the cisco has been col- 

Great Lakes, including Lakes Michigan and Superior. lected at depths of 9-91 m, but most commonly at
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27-46 m (Wells 1968). In Green Bay, it is found at all The spawning of the cisco is apparently temper- 
depths, but is never abundant below 46 m (S. H. ature-dependent, and occurs from early November to 
Smith 1964). The all-season averages in the Apostle mid-December. In Lake Mendota (Dane County), cis- 

Islands region of Lake Superior indicate that it is coes arrive on spawning grounds when the wa- 
most common at 18-53 m (Dryer 1966). Of all the ter temperature drops to 6-5°C (42.8-41°F), and 

cisco species, the lake herring or cisco is most fre- spawning activities reach a peak when the temper- 
quently associated with inshore shoals and shallow ature falls below 4°C (39.2°F) (John 1956). If the ar- 
water. It is found over a wide variety of bottom types. rival of this temperature is delayed, spawning occurs 

The cisco requires deep inland lakes, generally more anyway, but not until late in the season. 

than 10 m deep and preferably with infertile waters. The spawning act of ciscoes from Oconomowoc 
In northern Wisconsin, the cisco is rarely taken at Lake (Waukesha County) has been described by 
water temperatures above 17-18°C (62.6—64.4°F), Cahn (1927). Spawning occurs in water 1-2 m deep 
which mark the upper limit of its distribution, or at over a bottom free of vegetation. Males arrive in the 
oxygen concentrations below 3 or 4 ppm, at the shallows from 2 to 5 days before the females, and 
deeper limit of its distribution (Hile 1936). breeding begins with the arrival of the females. At 

first as many as a dozen males follow a single female, 
BIOLOGY but later on in the spawning season two males is 
The life history of the cisco or lake herring has been more usual. The actions of the fish are deliberate, 
well researched in Wisconsin waters by Cahn (1927), and there is no evidence of chasing or pugnacity. The 
Hile (1936), John (1954), S. H. Smith (1956, 1964, female descends to within 15-20 cm of the bottom, 

1968b), Dryer and Beil (1964), and Dryer (1966). leading the males, whose heads are about even with
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her anal opening. In a continuous swimming motion, perature range for normal development of the cisco 
the female extrudes eggs while the males release is approximately 2-8°C (35.6—46.4°F); and at 5.6°C, 
milt. The eggs are scattered over a considerable area development takes about 90 days. At 10°C (50°F), 
and since they are slightly adhesive they become at- eggs hatched in the laboratory in 37-49 days (Hin- 
tached to rocks, vegetation, or debris on the bottom. richs and Booke 1975). Early development from the 
Spawning generally occurs at night. At night on egg to the 123-day juvenile stage has been illustrated 

Pallette Lake (Vilas County), I have heard consider- and described by Hinrichs (1979). The cisco is com- 

able jumping and splashing by ciscoes, both out in pletely scaled at 55 mm (Hogman 1970). 
the lake and within 5 m of the shore. This behavior 
has also been reported by fishermen of Green Bay to oe, eeu 
S. H. Smith (1956). om eer 

In Green Bay, most spawning lake herrings congre- 

gate in water 3-18 m (10-60 ft) deep, but catches of v= ®’) 7 - 
both ripe and spent fish have been made in nets 
fished at depths of at least 42 m. Spawning itself, 
however, occurs near the surface (pelagic spawning) 
over a wide variety of bottom types (S. H. Smith 

1956). = soe - 
Pelagic spawning by lake herring in Lake Superior * 

has been substantiated by trawling at 18 m below the Rs Lie tere eee eee, seems I 
surface, where adult lake herring were captured, and ae ee ead 
in the same area at a depth of 37 m, where small SeRernensagseaee 
numbers of lake herring eggs were taken. Dryer and 
Beil (1964) concluded that the eggs had drifted to- 
ward the bottom after they had been released from 
the fish. Off the north shore of Lake Superior, com- pe — 
mercial gill nets floating 13 m below the surface in yy}! Jae SEED 
146 m of water took large numbers of spawning lake “ea oe S82, 
herring. However, most of the commercial produc- a FS, 
tion comes from nets set on the bottom, and, as the nena 

fish move to the bottom some time during the night, Preserved cisco (lake herring) larva, South Bay, L. Huron. Dorsal 
it is possible that spawning may continue there. view (top), lateral view (middle), ventral view (bottom). 10.8 mm 

Although at Wisconsin’s latitude the cisco is a lake TL; pre-anal myomeres, 38; post-anal myomeres, 12 (Faber 

spawner, some river runs have been reported. One 1970:496). 
occurred in the Oconomowoc River (Waukesha 

County) from Fowler Lake up to the dam at the out- In Canada (MacKay 1963), the fry range in the shal- 

let of Oconomowoc Lake (Cahn 1927); others took —_ lows of protected bays until they are a month old, 
place in the Brill River (Washburn County) up to the when they disappear—probably into deeper water. 

Long Lake Dam and the Red Cedar River (Barron Calculated total lengths and weights of the lake 
County) below the Mikana Dam (Cooper 1956) and _ herring in Wisconsin waters of the Great Lakes are as 
in the Tomahawk River (Oneida County) below the follows: 

Willow Flowage Dam (UWSP 4915). “SupeHo? b Michigan 
In a sample of Lake Superior females, 269-356 mm (Dryer and Beil 1964) (S. H. Smith 1956) 

TL, the number of eggs ranged from 4,314 to 10,250 ~Duuth Bayfield —~SCSC~CS*S*C een Bay 
per fish. The average number of eggs per 28 g (1 0z) [low LOW 
of fish for the entire sample was 842 (Dryer and Beil Age (mm) (g) (mm) (g) (mm) (g) 
1964). Comparable data from Green Bay (S. H. Smith i 40 Ww «9 4 427 
1956) showed more than 1,000 more eggs per fish, 2 173 34 180 45 203 62 

and nearly 100 additional eggs per 28 g of fish. The 3 229,86 239101 246 106 
mean diameter of cisco eggs from Lake Superior and : see iA ae a me ie 

Lake Michigan was 1.88 mm. 6 318-244 323-258 351327 
Cisco eggs hatch in late April or early May. Accord- 7 338 300 345 322 371 390 

ing to Colby and Brooke (1970), the optimum tem- Se ES
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In Lake Superior, age-groups III to V were best rep- was only 116 g. A 2.1-kg (4-Ib 10-0z) cisco was taken 
resented (Dryer and Beil 1964). The differences in the from Big Green Lake (Green Lake County) in 1969. A 
average lengths of the sexes were small. 3.63-kg (8-Ib), 7-year-old female was caught from 

Lake herring from Green Bay grow faster and weigh Lake Erie in 1949 (Scott and Crossman 1973). 
more than lake herring from Lake Superior. Annulus The common food found in the lake herring stom- 
formation in Green Bay begins in May, is completed achs during various seasons of the year gives strong 
before mid-July, and occurs earlier in young fish and support to the belief that this species is primarily pe- 
later in older fish (S. H. Smith 1956). The period for lagic. Its gill rakers are numerous and comblike—an 
annulus formation in Lake Superior fish exceeds 8 efficient mechanism for straining out small plankton 
weeks, and is completed by mid-August. organisms. In one study of Lake Superior herring, 

In northern Wisconsin, ciscoes in Clear Lake (Oneida 83% of the stomachs examined contained crustaceans 

County) showed the fastest growth of any popula- (Dryer and Beil 1964). Copepods occurred in 71% of 
tion that Hile (1936) studied. Calculated total lengths the stomachs sampled, and Cladocera (Daphnia) in 
of males (females) were: 1—110 mm (109 mm); 2— 36%; Mysidacea (Mysis relicta) were important only in 
196 mm (199 mm); 3—255 (260); 4—287 (291); 5—308 the December sample. Insects were found in the 
(312); 6—323 (326); 7—335 (340); 8—345 (351); 9—354 June-July and September—October collections, the 
(361); 10—(369); and 11—(376). The weight (g) of the Formicidae and Diptera being most common. Fish 
females, which was consistently heavier than that of eggs (lake herring) were found in 62% of the stom- 
the males, was: I—80, II—306, III—530, IV—705, V— achs in the December sample. Although the lake her- 
770, VI—841, VII—917, VIII—950, IX—1085, X— ring is known to prey on its own eggs, the question 
1062, and XI—1190. In southern Wisconsin (Ocono- arises as to whether such eggs are a preferred food, 
mowoc Lake, Waukesha County) average total lengths or whether they are eaten incidentally with plankton. 
and weights (sexes combined) were 5 months—62 Since the major foods of the lake herring are pelagic, 
mm, 22 g; II—135 mm, 105 g; III—174 mm, 166 g; the eggs may simply be eaten as they drift toward the 
IV—223 mm, 257 g; V—282 mm, 366 g; VI—315 mm, bottom after being released by pelagic spawners. 
445 g; VII—336 mm, 527 g; VIII—362 mm, 527 g; IX— Some eggs may be taken from the bottom; the lake 
374 mm, 623 g; and X—386 mm, 696 g (Cahn 1927). herring’s consumption of fingernail clams and water 

In Green Bay, some lake herring reach maturity mites, though rare, gives evidence of occasional bot- 
during their second year of life (age-group I), and tom feeding. 
most fish of both sexes mature during their third year The food of immature ciscoes (up to 160 mm) in 
of life (age-group II) (S. H. Smith 1956). In Lake Su- Oconomowoc Lake (Waukesha County) is 100% 
perior, the youngest mature lake herring belonged to plankton organisms (Cyclops, Daphnia, Diaptomus, 
age-group II, and all fish older than age III were ma- Bosmina, Chydorus, rotifers, and other animals of a 
ture; all lake herring shorter than 216 mm (8.5 in) similar nature) (Cahn 1927). Larger ciscoes are pri- 
were immature, and all fish longer than 302 mm (11.9 marily plankton feeders, but they also eat mollusks, 
in) were mature (Dryer and Beil 1964). S. H. Smith insect larvae, small fish (probably ciscoes), and vege- 
(1957), summarizing published data on the maturity table matter. Insects eaten include the larvae of Cor- 
of ciscoes, showed that the age at which most fish ethra, Ephemerida, and Plecoptera, as well as adult 

mature in different populations varies from I to IV. insects picked off the surface in the summer, when 
With the decline of lake herring stocks in recent the fish occasionally come up on quiet evenings. The 

years, there appears to have been an increase in the vegetable matter consumed includes algae and plant 
size of the remaining fish. During the early stages of debris from the bottom. 
the decline in the 1950-1962 period, the size and An examination of the stomachs of 35 ciscoes from 
growth rate of the lake herring of Lake Superior in- Lake Geneva (Walworth County) revealed an average 
creased, and the size continued to increase as abun- of 983 copepods in each of 27 stomachs; an average 
dance declined sharply after 1962 (Dryer and Beil of 599 cladocerans were counted in 15 stomachs. 
1964). Similar observations were made in Lake Michi- Midge larvae also occurred in 15 stomachs, mayfly 
gan following the lake herring collapse in the late and stonefly naiads and insect fragments were found 
1950s (S. H. Smith 1968b). in 4, and the plant Chara in 1 (Nelson and Hasler 

The cisco reaches large sizes in some waters. Cahn 1942). 
(1927) reported 13 fish, caught from Oconomowoc The cisco is a restless fish, constantly on the move, 
Lake in 1908, that weighed over 2 kg (4.5 Ib) each. and was referred to by Cahn (1927) as “the most ac- 
However, in 1924 the average weight of 244 ciscoes tive of all our fishes.” Cahn thought that this constant
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activity is related to its constant search for plankton In spring, as thermal strata are established in the lake 
food. However, it never wanders far—even in the and oxygen is depleted from the hypolimnion, the 
Great Lakes the lake herring is not a distance trav- cisco in Oconomowoc Lake are forced upward into 
eler, and most individuals live out their lives within the warmer temperatures of the thermocline (about 
a few kilometers of their hatching sites. In Lake 11 m from the surface). Late summer is the critical 
Michigan tagging operations, lake herring were not period of the year for the cisco in Oconomowoc Lake; 
recovered at distances greater than 81 km (50 mi) a summerkill may occur, when, in order to get suffi- 

from the point of tagging (O. B. Smith and Van Oos- cient oxygen, the cisco is forced upward into a warm 
ten 1940). water layer higher than the cisco can tolerate. In the 

The lake herring engages in a seasonal migration fall season, the waters cool and mix, again enabling 
cycle. For instance, in Green Bay during cool weather the cisco to frequent surface and shallow waters prior 
(September or October to May or June), they congre- to spawning. 
gate in the shallow areas to depths of 10 m (S. H. 
Smith 1956). It is during this period that they are IMPORTANCE AND MANAGEMENT 
commonly taken in pound nets and are vulnerable to The lake herring has always been an important prey 
commercial fishing. Under the ice in midwinter, species for the lake trout (McKnight et al. 1970, Scott 
there may be some movement by lake herring into and Crossman 1973). Possibly the greatest mortality 
deeper waters. In June and July, they move laterally in the life cycle of the lake herring takes place imme- 
into pelagic waters, and are found anywhere be- diately after the eggs are laid, as a result of predation 
tween the surface and a depth of 10 m. With the by the lake herring itself. Predation on the eggs is apt 
warming of the surface waters, lake herring move to be heavy, since they lie unprotected on the bottom. 

into deeper water. During the warm summer months The stomachs of 16 out of 19 feeding lake herring 
the lake herring hover some 2-3 m off the bottom in from Green Bay contained from 1 to 33 lake herring 
water deeper than 10-13 m; it is during this period eggs each (S. H. Smith 1956). There is heavy pre- 
that they have considerable protection from commer- dation on cisco eggs by brown bullheads and yel- 
cial exploitation. The cycle is completed with the low perch, and occasional predation by lake white- 
coming of cool weather and the inshore movement of fish and mudpuppies. Young ciscoes are preyed on 
the fish. by lake trout, and the larger adults by the sea lam- 

Similar seasonal movements by ciscoes in Lake Su- prey. 
perior have been described by Dryer and Beil (1964) The cisco seems to have only limited value as a 
and Koelz (1929). In Lake Superior, however, the in- sport fish in Wisconsin. Sport seining and dip-net- 
shore spawning areas in the fall are at all depths ting in 1966 produced an estimated statewide com- 
down to 165 m. In Lake Superior, as in Green Bay, bined harvest of 26,400 ciscoes and lake whitefish 
the species congregates near the shores in the late that weighed 6,800 kg (Churchill 1967). In recent 
fall, and it is at this time that the schools become the years, fishermen have found that when lake herring 
object of intensive fishing operations. About 90% of are feeding on mayflies they will also take artificial 
the annual lake herring catch is taken at this time, flies (S. H. Smith 1956); some large lake herring are 
but in recent years aggressive fishing has occurred at taken with minnows. In some waters, bobbing for 
other seasons as well (Wells and McLain 1973). lake herring through holes in the ice with colored 

The seasonal cycle of the cisco in inland lakes fol- beads is a popular winter sport, and the spearing of 
lows a pattern similar to those of lake herring in ciscoes and whitefish in certain inland waters has be- 
Lakes Michigan and Superior, but on a smaller scale. come permissible under state regulations. 
From November to December the cisco is spawning The flesh of ciscoes in some Wisconsin lakes is 
inshore. With the coming of ice cover, there is often heavily infected with a tapeworm larva, rendering it 
a movement into deeper water—a fact known by obnoxious to human consumers. These worms are 
those who fish for this species through the ice. How- not harmful to man, and they die when the fish are 
ever, Cahn (1927) noted that in Oconomowoc Lake a cooked. Ciscoes from Lake Geneva (Walworth County) 

vertical diurnal rhythm brings the cisco upward at are often heavily infected, and have been rejected as 
night to feed on the minute crustaceans that move food. 
into the upper strata directly under the ice. Historically, the lake herring has been the most 

After the ice melts in Oconomowoc Lake and sur- productive commercial species in the Great Lakes. It 
face waters warm, the cisco seeks the lake’s deepest is a fish of considerable value. Less fatty than the 
level which provides cool, oxygen-abundant water. other chub species, it is in great demand when salted
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or smoked. In 1952, Green Bay produced 38.7% of annual catch in recent years; an estimated additional 
the lake herring catch from all United States waters 9,000 kg (20,000 Ib) were taken in the Indian fisher- 

of the Great Lakes. ies. Nearly half of the 1974 catch was taken inciden- 
The unusual abundance of the lake herring in the tally in sets made for chubs. The lake herring popu- 

past has led to carelessness in the handling and pro- lation is not going to provide a major contribution to 
cessing of the catch. Dryer and Beil (1964:499) noted commercial production in the foreseeable future 
that individual catches in Lake Superior, “often run- (Wis. Dep. Nat. Resour. 1976c). 

ning as large as 10 tons, are piled in the gill net tugs Anderson and Smith (1971a) rejected overfishing 
and brought to shore where they are picked from the as the primary cause of the post-1961 collapse of the 
nets in warm sheds. Little care is taken in picking the lake herring in Lake Superior, and concluded that 
fish from the nets. The rough treatment of this highly competition for food with the bloater and the smelt 
palatable but delicate fish often produces an inferior was the most probable cause of the decline. Lawrie 
product... .” Apparently in the early fishery, man and Rahrer (1973) presented evidence that the de- 
was not aware that this abundant and valuable spe- clines in lake herring abundance have followed in- 
cies would some day decrease drastically in both tense commercial efforts which led to stock deple- 
Lakes Michigan and Superior, and that a seemingly tion. Selgeby et al. (1978) concluded that neither 
inexhaustible resource would, within a few decades, predation nor competition are the factors presently 
dwindle to threatened status. limiting the lake herring population in southwestern 

In Lake Michigan, the production of lake herring Lake Superior. 
for 1899, 1903, and 1908 was 10.1, 7.0, and 11.0 mil- The stocking of ciscoes in deep, nonfertile lakes 

lion kg (22.2, 15.4, and 24.2 million Ib), respectively has been going on in Wisconsin since the early 1890s. 
(Wells and McLain 1973). The catch dropped drasti- In 1891, several million cisco eggs were taken from 
cally from almost 2.7 million kg (6 million Ib) in 1952 Lake Mendota and hatched in the Milwaukee hatch- 
to lows of 1,002 and 1,248 kg (2,209 and 2,752 Ib) in ery; “some 12,000,000 of the fry were transported by 
1972 and 1973. In 1974, when the catch of 2,772 kg baggage car to Ashland, and planted through three 
(6,112 Ib) was valued at $2,172, lake herring were feet of ice into Chequamegon Bay” (Commnrs. Fish. 
taken incidentally to the lake whitefish in the Door of Wis. 1903). The venture was considered a success, 
County waters of Green Bay and Lake Michigan (83% although the fish did not reproduce. 
of the harvest); the remainder of the catch (17% of Among the many inland lakes that have been 
the harvest) came from the Racine-Kenosha area, and planted with this species is Sunset Lake (Portage 
was taken incidentally to the perch fishery (Wis. County), which was stocked with ciscoes from Pal- 
Dep. Nat. Resour. 1976c). lette Lake (Vilas County). Sunset Lake has a repro- 

The early marked declines of lake herring in Lake ducing population that has survived two poisonings 
Michigan were largely the result of heavy exploita- of the lake. Crystal Lake (Sheboygan County) was also 
tion, although pollution must have contributed to the stocked, and has a reproducing population. 
decline in southern Green Bay. It seems likely that The greatest threat to cisco populations in inland 
the reduction of the lake herring to its present insig- lakes is the enrichment of the waters. During the 
nificance in Lake Michigan can be attributed to the summer this results in the depletion of oxygen in the 
resurgence of smelt populations by the early 1950s lower stratum (hypolimnion), and forces the cisco 
and the explosive increase of alewives which began into the upper strata, where temperatures are unfa- 
in the mid-1950s (Wells and McLain 1973, Miller vorable for survival. Such lakes often exhibit serious 
1957). The ubiquitous and planktivorous alewife is cisco mortalities. In the past 100 years, summerkills 
not only a serious competitor for food, but is pre- of ciscoes in Lake Mendota have been commonly re- 
sumed to interfere with the successful spawning of ported (Neuenschwander 1946). Summerkills of cis- 
the lake herring and to prey on herring eggs. coes were observed by Cahn (1927) from the follow- 

Wisconsin’s lake herring production in Lake Supe- ing: Waukesha County lakes: Pine, Okauchee, Ocono- 
rior has also dropped—from 2.1-2.9 million kg (4.6-6.5 mowoc, Silver, and Lac La Belle; in Pine Lake (Wau- 
million Ib) in the 1940s to 1.0 million kg (2.2 million kesha County) kills have occurred in recent years (F. 
Ib) in the late 1950s, and to less than 454,000 kg (1 Ott, pers. comm.). Perhaps the greatest challenge to 

million Ib) after 1962. Production then dropped the management of cisco populations in inland lakes 
steadily to 63,000 kg (139,000 Ib) in 1974, the lowest is stopping or reversing the eutrophication process.
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Shortnose Cisco breeding tubercles in males, see the deepwater cisco 

species account (p. 367). 
Hybrids: Shortnose cisco x bloater (Parsons and 

Coregonus reighardi (Koelz). Coregonus—angle-eye, Todd 1974). 
coined by Artedi from the Greek meaning pupil 
of the eye and angle; reighardi—of Reighard, SYSTEMATIC NOTES 
after Jacob Reighard, ichthyologist, University The type specimen (Koelz 1924) is a female, 210 mm 
of Michigan. (8.3 in) SL, with large eggs, taken from Lake Michi- 

Other common names: Reighard’s chub, Reighard gan off Michigan City, Indiana, in 55-64 m of water 
cisco, shortnose chub, greaser (Lake Ontario). on 1 April 1921. 

Koelz (1929) recognized two subspecies from Wis- 

consin waters: Coregonus (subgenus Leucichthys) reig- 
i go hardi reighardi from Lakes Michigan and Ontario, and 
ng Coregonus reighardi dymondi from Lakes Superior and 

® ee = Nipigon. 
Ae <G SS C. r. reighardi is valid for Lake Michigan. However, 

: = % Koelz’s specimens of reighardi from Wisconsin waters 
AS of Lake Superior were reexamined, and all become C. 

— . . . zenithicus (Parsons et al. 1975, Todd 1977). Further- 
aie nar IndisnacCity Indiana! more, Coregonus r. dymondi, known only from Cana- 
Pr . dian waters of Lake Superior, is regarded as a local 

DESCRIPTION population of C. zenithicus (Todd 1978). 

The following is based largely on Koelz’s (1929) de- 
scription of Lake Michigan specimens. DISTRIBUTION, STATUS, AND HABITAT 

Body elongate, subterete in cross section, and only In Wisconsin, the shortnose cisco occurs in Lake 

slightly compressed; body deepest anterior to dorsal Michigan and in Green Bay. 
fin. Average length 267 mm (10.5 in); TL = 1.18 SL. This species has been known from Lakes Ontario, 

Depth into TL 3.9-4.5. Head length into TL 4.1-4.5 | Huron, and Michigan. It is endangered in Lake Hu- 
(3.94.8). Snout short; snout into head length 3.4—4.0. ron, and extirpated in Lake Ontario. Its present sta- 

Premaxillaries heavily pigmented, and angled down- _ tus in Lake Michigan is endangered (Wis. Dep. Nat. 
ward and forward at 60-90° with long axis of body; Resour. Endangered Species Com. 1975). A single 
anterior maxillary pigmented; maxillary extending to specimen (UWSP 2437) was taken 16-24 km (10-15 
about middle of pupil. Lower jaw stout, heavily mi) east of Sheboygan in June 1968. The last known 
tipped with black; lower jaw ventral and usually record from Lake Michigan came from Ludington, 

shorter than and included within upper jaw. Eye into Michigan, on 18 May 1972 (Todd 1978). The extinc- 
head length 3.9—-4.2 (3.6-4.6). Gill rakers short, long- tion of this species seems inevitable. 
est shorter than longest gill filaments; gill rakers The shortnose cisco ranges principally at depths of 
34-38 (30-43). Dorsal fin rays 9-10 (8-11); anal fin 37-110 m; the extremes at which it is found are 9 m 
rays 10-11 (9-12); pectoral fin rays 16 (15-17); pelvic and 165 m. It is most common in the upper zones of 

fin rays 11 (10-12); pectoral fins very short, pectoral the deepwater areas, and it is distributed along the 

fin length into distance from pectoral origin to pelvic shores of Lake Michigan and probably on some of the 
origin 2.0-2.5 (1.7-2.8); pelvic fins very short, pelvic reefs. It occurs at temperatures of 1.5-10.2°C 

fin length into distance from pelvic origin to anal ori- (34.7-50.4°F). 
gin 1.4-1.7 (1.2-1.9). Scales in lateral line 72-81 (66- 

96); scales around body anterior to dorsal and pelvic BIOLOGY 
fins 40-43 (38-46). Details of skull and caudal skele- The shortnose cisco spawns primarily from April to 
ton provided by Cavender (1970). Chromosomes June at water temperatures of 3.8—4.7°C (38.8—40.5°F). 
2n = 80 (Booke 1968). The spawning season is quite variable, however, and 

Color in life silvery, with underlying color of back may begin earlier or extend later in different years, 
usually pale pea green to blue-green with a pink iri- according to Jobes (1943). In some years a few indi- 
descence. viduals do not spawn until September. S. H. Smith 

Males and at least some females with tubercles (1964) noted that, when large numbers of shortnose 
during the breeding season. For a description of the ciscoes are found in spawning condition in the fall in
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an area where they had spawned the previous mm, 5—269 mm, 6—280 mm, and 7—269 mm (the 
spring, a biological change is indicated; such a last based on only one fish). 
change may increase the probability of hybridization Shortnose ciscoes of both sexes taken by Jobes in 
with other fall-spawning cisco species. November were relatively heavier than those taken 

In lower Lake Michigan, the shortnose cisco spawns in May, which suggests some loss of weight during 
at depths of 37-144 m; in the upper part of the lake, the winter. Differences in growth between sexes was 
it spawns at 55-91 m; and in Green Bay, at 46 m found to be unimportant. Jobes (1943) computed that 
(Jobes 1943). Spawning runs have been recorded off 55% of the total growth in length (assuming 100% 
Sheboygan, Racine, Sturgeon Bay, Algoma, and Mil- growth at age VI) was reached at the end of the first 
waukee, and a number of Michigan and Indiana year of life. The coefficient of condition for all fish of 
ports, over bottoms of sand, silt, or clay (Koelz 1929, ages II-VII, sexes combined, was 1.37. 
Jobes 1943). In Jobes’ study, females made up 85% of the total 

The eggs of the shortnose cisco are yellow; they sample of shortnose ciscoes whose ages were deter- 
measure 2.0 mm diam (Booke 1970). mined, and they were dominant in all age-groups. 
More than 7,570 shortnose ciscoes from upper Only females were found in age-groups VI and VII. 

Lake Michigan, 239-310 mm TL, were aged by Jobes In the sample taken, the sexes occurred in about 
(1943), who found that age-IV fish made up 50.2% of equal numbers in May, after which the females dom- 
the total sample. Age, total length, and weight were: inated strongly in the catch all other months. Jobes 
II—264 mm, 156 g; III—272 mm, 171 g; IV—277 mm, assumed that the sexes of the shortnose cisco are 
171 g; V—284 mm, 185 g; and VI—290 mm, 199 g. segregated for the greater part of the year, and that 
The calculated total length at the end of each year of they approach equality in numbers only during part 
life was: 1—153 mm, 2—201 mm, 3—236 mm, 4—257 of the spawning season, in May and June.
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The largest shortnose cisco on record was a mature bers, the U. S. Bureau of Commercial Fisheries used 
female, 371 mm TL and 445 g (14.6 in, 15.7 oz), taken identical gangs of gill nets of various mesh sizes to 
off Escanaba, Michigan, on 13 May 1932. The longest sample the northern, central, and southern parts of 
male, 335 mm TL (13.2 in), was taken off Manistique, Lake Michigan in different time periods (Smith 1964). 
Michigan, on 6 July 1932; the heaviest known male, In northern Lake Michigan the number of shortnose 
also caught off Escanaba, weighed 312 g (11 02). ciscoes caught (expressed as catch per 466-m gang 

The stomach contents of 27 shortnose ciscoes from net) were 12.0 in 1932, 6.5 in 1955, and 4.5 in 1961. In 

Lake Ontario were examined by Pritchard (1931). central Lake Michigan the number of shortnose cis- 
Mysis relicta and Pontoporeia were the major food coes caught (expressed as catch per 777-m gang net) 
items found, but small numbers of copepods, aquatic were 213.2 in 1930-1931, 20.4 in 1954-1955, and 6.8 
insect larvae, and fingernail clams had also been in 1960-1961; and in southern Lake Michigan (ex- 

eaten. pressed as catch per 777-m gang net), 60.5 in 
The shortnose cisco seems to prefer the upper 1930-1931, 16.1 in 1954-1955, and 4.0 in 1960-1961. 

zones of deepwater areas. In lower Lake Michigan, Each successive comparison survey showed a marked 
Jobes (1943) found this species increasing in numbers decrease from the previous one, and in the last series 
with each 18-meter increase in depth down to 73 m; (1960-1961) less than 2% of the catch was composed 
below that point the fish decreased in numbers as the of shortnose ciscoes. 
depth increased. They were generally scarce or.ab- The reasons for the near extirpation of the short- 
sent at depths of 128 m and more. In upper Lake nose cisco in Lake Michigan are not known. Com- 
Michigan, the greatest concentration of shortnose mercial exploitation and competition with alewives 
ciscoes occurred at 73-90 m, and in Green Bay, at may have started or aided the decline. As reported 
29-35 m. earlier, there is evidence that shortnose ciscoes may 

have shifted their spawning time into the fall, when 
other cisco species are spawning, thus permitting the 

IMPORTANCE AND MANAGEMENT mixing of the gonadal products of several species at 
During the 1930s and 1940s, the shortnose cisco was one time. With the explosion of the bloater popula- 
a valuable commercial species in Wisconsin waters. tion in Lake Michigan, the bloater became the domi- 

Although only medium-sized, it was very fat and nant species of cisco in the lake; bloaters in spawning 
considered excellent when smoked. In 1930-1931, its condition were found during every month of the year. 
numbers along the eastern shore of Lake Michigan This probably led to the contamination of 
were estimated to be more than seven times greater the shortnose cisco gene pool as well as that of the 
than along the western shore (Jobes 1943). This dif- bloater and other cisco species, and resulted in ap- 
ference may have resulted from a more intensive pearance of hybrid swarms of bloaterlike fish, along 
fishery on the Wisconsin shore, where smaller-mesh with a few “nonbloaters.” Even these “nonbloaters,” 
nets were used. Jobes suggested that there was very including the shortnose ciscolike specimens of the 
little, if any, intermingling of the populations from 1960s and early 1970s, were not as morphologically 
the two sides of the lake. distinct as their ancestral species had been (S. H. 

In the comparison surveys of cisco species num- Smith 1964, Wells and McLain 1973).
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Shortjaw Cisco Males, and sometimes females, with breeding tu- 
bercles during breeding season. 

Coregonus zenithicus (Jordan and Evermann). Core- SYSTEMATIC NOTES 
gonus—angle-eye, coined by Artedi from the The type specimen (USNM 62517) is a male, 278 mm 

Greek, meaning pupil of the eye and angle; zen- SL, taken off Isle Royale in Lake Superior in Septem- 

ithicus—named after Duluth, Minnesota, the ber 1908 (Jordan and Evermann 1909). 
Zenith City, where Jordan and Evermann (1909) The bluefin cisco, Coregonus nigripinnis cyanopterus, 

saw hundreds of specimens of this species in formerly ascribed to Lake Superior waters, is synon- 

the cold-storage plant of Booth and Company. ymous with the shortjaw cisco (Todd and Smith 1980). 

Other common names: shortjaw chub, longjaw, light- Such bluefin ciscoes are merely large and old shortjaw 

back tullibee, paleback tullibee, Lake Superior ciscoes that were mistakenly considered to be a dif- 

longjaw. ferent species. 

In central Canada the shortjaw cisco and C. artedii 
are the representative species from this genus (Clarke 
1974). 

ve eee DISTRIBUTION, STATUS, AND HABITAT 
bee eal . In the Great Lakes, the shortjaw cisco is known from 

te Tl Lakes Huron, Michigan, and Superior. In Lake 
Michigan it once occurred along all shores except in 

: ee : lower Green Bay. Where taken in recent years in Lake 
Keweenaw Bey:L: Superior Michigan, 31.Aud:.1978'(U:S: Fish Michigan, this species inhabited the intermediate 
and Wildlife Service, Great Lakes Fishery Laboratory photo) 

depths of the deepwater areas, formerly occupied by 
the longjaw cisco (C. alpenae) and the deepwater cisco 

DESCRIPTION (C. johannae) (S. H. Smith 1964). It is possible that the 
Body elongate, subterete, with greatest depth at the shortjaw cisco never was widely distributed in the 
front of the dorsal fin, depth into TL 4.2-4.8 (3.7-5.3). northern part of Lake Michigan. But by 1960-1961 
Average length 284 mm (11.2 in). Head into TL the species was seriously depleted in this lake (S. H. 
3.8-4.1 (3.6-4.4). Snout into head length 3.3-3.6 Smith 1964). An individual was captured in a trawl at 
(3.1-4). Premaxillaries medium pigmented, and an- 64 m off Benton Harbor, Michigan, on 19 April 1967 
gled downward and forward with long axis of body (T. Todd, pers. comm.); the last known occurrence in 
at 60-70°; anterior maxillary lightly pigmented, max- Lake Michigan was off Racine (Grid 2006:U.S. Fish 

illary reaching to middle of eye. Lower jaw stout, Wildl. Serv. 1972) on 23 September 1975. Todd (1978) 
without pigment and with no symphyseal knob; noted that the shortjaw cisco may have been extir- 
lower jaw ventral and usually shorter than upper jaw pated in Lakes Michigan and Huron, but is still com- 
and included. Eye into head length 4.2-4.6 (3.9-5.1). mon in Lake Superior, although its numbers there are 
Gill rakers medium long, with the longest equal in declining (Parsons et al. 1975). In Wisconsin this spe- 
length to the longest gill filaments 38-42 (35-44). cies has been given endangered status (Wis. Dep. Nat. 
Scales in lateral line 74-84 (69-90); scales around Resour. Endangered Species Com. 1975). 

body anterior to dorsal and pelvic fins 39-42 (37-45). In Lake Superior the shortjaw cisco is found along 
Dorsal fin rays 10 (11); anal rays 11-12 (10-13); pec- all shores, ranging between 18 m and 163 m, but 
toral rays 16-17 (15-18); pelvic rays 12 (11). Pectoral most common at 55-126 m. In the Apostle Islands 

fins medium long, length into distance from pectoral region it is most abundant in the spring at 110 —- 126 
origin to pelvic origin 1.6-2.0 (1.3-2.4). Pelvic fins m, in the summer at 55 - 71 m, and in the fall at 
medium long, length into distance from pelvic origin 73-90 m (Dryer 1966). 
to anal origin 1.3-1.6 (1.0-1.9). 

Color in life, silvery with underlying color of back BIOLOGY 
varying from dark blue-green to pale pea green. Dor- T. Todd has reported populations of the shortjaw 
sal fin margin and, often, distal half of pectoral and cisco spawning during the fall (December) and spring 

caudal rays, smoky to black. Black sometimes present (May) in the Apostle Islands (Ashland County) and 
on pelvics and anal fin, increasing in larger and older the Keweenaw, Michigan, areas of Lake Superior 
specimens. (pers. comm.). He also has data on August spawners
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from Isle Royale, Michigan, and from Grand Marais, as three or four different age groups. The average to- 
Minnesota; he noted that spawning time for this spe- tal length and weight for sexes combined were: IV— 
cies seems to be quite variable. Spawning probably 234 mm, 77 g; V—277 mm, 125 g; VI—297 mm, 150 
occurs at depths of 37-73 m over clay bottom (Van g; VII—312 mm, 170 g; VIII—325 mm, 199 g; IX—351 

Oosten 1937a). Individuals of 183 mm TL usually mm, 249 g; and X—345 mm, 249 g. Calculated total 
have maturing sex organs, and all fish of 243 mm TL length mm (TL = 1.2 SL) at the end of each year of 
or more (age IV) are sexually mature. The eggs are life was: 1—97 mm, 2—130, 3—165, 4—200, 5—232, 
yellow, 2.14+0.03 mm diam (Booke 1970). 6-261, 7-282, 8-300, 9—322. Compared to the in- 

In Lake Michigan, breeding grounds were re- crease in length, the increase in weight was small 
eae io ton and ee off Port Wasting: during he = years of life, but in later years it was 
ton (Koelz . Spawning took place over sand an relatively rapid. 

clay at depths of 18-55 m. The fish congregated be- As in many other ciscoes, growth compensation 
tween the middle of October and the beginning of occurs in this species. Van Oosten observed that big 
November and remained on the grounds about a yearlings were, on the average, the big fish in all suc- 
month, the males arriving first. ceeding years, but the maximum differences between 

Age and growth were determined by Van Oosten the lengths of the size groups diminished each year, 
(1937a) from 589 shortjaw ciscoes collected from Lake so that fish became more uniform in size during each 
Superior, near Duluth. Age group VII made up successive year of age. The coefficient of condition, 
41.3% of the catch; 93.2% of the sample ranged from 0.99 in males and 1.04 in females, was low, indicating 
279 to 345 mm TL, with the mode at 305 mm. Van a species with a slender body form. The sexes were 
Oosten noted that length was a poor index of age, equally abundant in the population, although after 
since fish of the same length could belong to as many the 8th year the males disappeared from the catch
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more rapidly than did the females; a few males sur- was the only large chub common enough in Lake Su- 
vived to the 11th year of life. perior to be taken in commercial quantities, and Van 

The largest shortjaw cisco recorded was 404 mm Oosten (1937a) noted that it ranked second to artedii, 

(15.9 in) TL (Koelz 1929). The heaviest was an age-IX the lake herring, in abundance. He recommended 
female, 368 mm (14.5 in) TL, weighing 312 g (11 oz) that the shortjaw cisco be accorded protection through 
(Van Oosten 1937a). the sixth year of life, since there was an increase in 

In seven stomachs of shortjaw cisco collected off weight from the fifth to the sixth year (about 53% for 
Cheboygan, Michigan, September 1917, Mysis and the males and 66% for the females) which would en- 
Pontoporeia constituted 95% of the food; Pisidium, hance the value of the commercial catch. 

pebbles, wood fragments, larval chironomids, and Marked changes occurred in the cisco population 
unidentifiable bottom material made up the rest of Lake Superior between the mid-1930s and the late 
(Koelz 1929). 1950s. During the 1958-1965 period, in the same area 

where Koelz had observed the lift of chub nets in 
1922, and with gill nets of the same mesh sizes, Dryer 

IMPORTANCE AND MANAGEMENT and Beil (1968) obtained catches containing only 8% 
Early in the commercial fishery the old and large shortjaw ciscoes; 92% were bloaters. In 1965, an ex- 
shortjaw ciscoes (erroneously called the bluefin) were amination of 681 chubs from commercial landings at 
the dominant deepwater chubs in Lake Superior. Eddy Bayfield, Wisconsin, revealed that shortjaw ciscoes 
and Underhill (1974) noted that they often were found made up 8% of the catch, kiyi 2%, and bloaters 90%. 
in the stomachs of lake trout and siscowets caught in In 1974, the bulk of the deepwater cisco catch con- 
very deep water; they also observed that when com- sisted of bloaters and insignificant numbers of shortjaw 
mercial fishing for lake trout was at its peak, the gill ciscoes and kiyi. 
nets set at 122-183 m often caught a few shortjaw By 1961 the shortjaw cisco appeared close to extir- 

ciscoes. pation in Lake Michigan (S. H. Smith 1964). In com- 
The shortjaw cisco is delicious fresh or smoked. In parison surveys made during 1932, 1955, and 1961 

1922 (Koelz 1929) a lift in the Apostle Islands area of the shortjaw cisco (compared to all other deepwater 
Lake Superior included 300 shortjaw ciscoes, but only ciscoes) constituted 11%, 1.5%, and 0.5% respec- 
one bloater, one blackfin cisco, and one shortnose tively of the catch in northern Lake Michigan; 6.1%, 
cisco (the last two species are synonymous with the 2.8%, and 0.7% of the catch taken off Grand Haven, 
shortjaw cisco, but at that time were considered dis- Michigan; and 2.9%, 1.0%, and 0.9% of the catch 
tinct species). By the mid-1930s, the shortjaw cisco taken off Ludington, Michigan.
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Longjaw Cisco Charlevoix, Michigan, on 15 June 1923 (Koelz 1929). 
The longjaw cisco, according to Koelz, resembles the 

deepwater cisco (C. johannae) more closely than it 

Coregonus alpenae (Koelz). Coregonus—angle-eye, coined does any other cisco of the Great Lakes. 
by Artedi from the Greek, meaning pupil of the 
eye and angle; alpenae—of Alpena, after Al- DISTRIBUTION, STATUS, AND HABITAT 

pena, Michigan. The longjaw cisco is an endemic species occurring 
Other common names: the longjaw, longjaw chub. only in Lakes Michigan, Huron, and Erie. In Wiscon- 

sin it is known only from the waters of Lake Michi- 
gan and Green Bay. Its presence in Lake Erie has 

P been documented by Scott and Smith (1962). It was 

oe eee Ps last recorded in Lake Erie 13 November 1957; in Lake 

gO} = Huron, 12 June 1975; and in Grand Traverse Bay, 

a mecca, Sw ~s Lake Michigan, in 1967. In the entire range, it cur- 

. <= rently is either extinct or so rare as to be beyond re- 
\S habilitation (Todd 1978). 

The longjaw cisco is on the federal endangered 
Adult 269 mm, L. Michigan, near Charlevoix, Michigan, 15 June species list (Office of Federal Register 1976). In Wis- 
1923 (Koelz 1929:364) consin it has been given endangered status (Wis. Dep. 

Nat. Resour. Endangered Species Com. 1975). 
DESCRIPTION The longjaw cisco inhabits the open water of Lake 
The following is based largely on Koelz’s (1929) de- Michigan and of Green Bay north of a line from the 
scription of Lake Michigan specimens. Sturgeon Bay Ship Canal to Marinette (Koelz 1929, 

Body elongate, with greatest depth medially, or Jobes 1949a). When not spawning it occurs at 51-128 
nearly so; depth into TL 3.8—4.3. Average length 280 m, with only stragglers found in shallower and 

mm (11 in). Head into TL 4.1-4.4 (3.8-4.6). Snout deeper waters (extremes 9-165 m) (Koelz 1929). Jobes 

into head length 3.4-3.6 (3.3-4.0). Premaxillaries (1949a) took the maximum number at a depth of less 
usually slightly pigmented, and angled downward than 73 m, within temperature extremes of 1.5-11.2°C 
and forward with long axis of body at 45—60°; ante- (34.7-52.2°F). Because this species is seldom taken in 
rior maxillary little pigment to none, maxillary ex- water more than 128 m deep, Jobes reasoned that the 
tending beyond anterior edge of pupil but seldom to longjaw ciscoes of the east and west shores of south- 
center. Lower jaw without pigment and with no sym- ern Lake Michigan are probably kept separate by the 
physeal knob; lower jaw stout and usually projecting deep trough in the middle of the lake. He suggested 
beyond the upper jaw. Eye into head length 4.2-4.6 that each side of the lake has its own population of 
(3.8-5.2). Gill rakers medium long, with the longest longjaws, and that there is little if any intermingling 
about equal in length to the longest gill filaments of these populations. 
36-43 (33-46). Scales in lateral line 78-85 (71-96); 

scales around body anterior to dorsal and pelvic fins BIOLOGY 
41-43 (40-45). Dorsal fin rays 10-11 (9); anal rays The longjaw cisco is a fall spawner. Individuals taken 

11-12 (9-13); pectoral rays 15-17 (12-18); pelvic rays 19 November 1920 off Michigan City, Indiana, would 

11 (10-12). Pectoral fins medium long; length into have spawned soon and probably nearby, although 
distance from pectoral origin to pelvic origin 1.9-2.2 no fish with ripe eggs were found (Koelz 1929). Fish- 
(1.6-2.5). Pelvic fin medium long; length into dis- ermen reported to Koelz that chubs (probably long- 
tance from pelvic origin to anal origin 1.4—1.7 (1.2-1.9). jaws) came into shallow water (ca. 18 m) in the north- 

Color in life, silvery with a faint pink to purple iri- ern part of Lake Michigan to spawn in late October 
descence which is strongest above the lateral line and and November. A late spawning season agrees with 
absent on belly. Males with breeding tubercles similar the findings of Scott and Smith (1962), who noted 
to those described for the deepwater cisco (C. johan- that all of the longjaw ciscoes taken in Lake Erie on 

nae). 11 November 1957 were ripe and had well-developed 
breeding tubercles. 

SYSTEMATIC NOTES Data indicate that spawning also may occur earlier 
The type specimen (USNM 87352) is a female, 269 mm in the season. Jobes (1949a) reported ripe females as 
SL, taken from Lake Michigan 36 km (22 mi) NNE follows: 5 August 1930, one fish off Ludington, Mich-
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igan, from 48 to 49 m; 11 September 1931, one fish In the 1923 sample, the average calculated total 
off Port Washington, Wisconsin, from 137 to 139 m; length and weight at the end of each year of life were: 
and 9 July 1932, one specimen off Manistique, Mich- 1—123 mm, 20 g; 2—203 mm, 62 g; 3—251 mm, 122 

igan, from 117 to 124 m. The earliest date on which a g; 4282 mm, 182 g; 5—312 mm, 244 g; 6—343 mm, 

ripe male has been reported was 20 October 1931, off 329 g; 7-371 mm, 414 g; 8—406 mm, 641 g. Most of 

Milwaukee, Wisconsin, at 59-66 m. A “nearly ripe” the year’s growth occurred before 15 June. In 1930, 
male was taken 17 August 1932 off Charlevoix, Mich- when all species of ciscoes were well represented in 
igan, at 99-134 m. Spent females were taken off She- a sample studied, the average length of longjaw cis- 
boygan, Wisconsin, from 70 to 91 m on 16 October coes was 274 mm (10.8 in) (S. H. Smith 1964). 
1931, and off Racine, Wisconsin, in 77 m in Novem- The sexes grow at approximately the same rates 
ber 1930. Spent males were taken on 12 November (Jobes 1949a). The differences in relative heaviness 
1930 off Waukegan, Illinois, from 62 to 82 m. between the sexes are so slight that the weighted av- 

The longjaw cisco reaches normal maturity in its erage values of K for all males and all females are 
third and fourth years of life (Moffett 1957). practically the same (1.30 for the males and 1.31, fe- 

Age and growth were investigated by Jobes (1949a). males). However, sex-ratio favored the females in 
Longjaws from northeastern Lake Michigan (1923) 1930 (72.4% females) and in 1931 (67.5%). Jobes sug- 
and Grand Haven, Michigan (1929), were in age gested a higher mortality in males as the cause of this 
groups II-IX. In the 1923 sample, age group IV dom- difference. 
inated (53.8%), followed by III (20.9%) and V (10.6%). By far the largest longjaw cisco reported was a fe- 

Age group III (55.2%) dominated the 1928 collection, male taken off Manistique, Michigan, on 1 September 
followed by age groups IV (31.0%) and II (12.1%). 1932, which was 546 mm (21.5 in) TL, and weighed
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1,857 g (4 lb 1.5 oz). The largest male, captured off fort and Manistique, Michigan, where it made up 
Ludington, Michigan, on 13 August 1930 was 439 mm from 22 to 98% of the hauls. A second area of abun- 
(17.3 in) TL, and weighed 737 g (1 lb 10 oz) (Jobes dance lay off Michigan City, Indiana, at the southern 

1949a). end of the lake, where it made up from 10 to 33% of 

Thirty stomachs examined by C. L. Hubbs from the chub lifts. 
specimens taken off Alpena, Michigan (September Surveys in which ciscoes were taken in identical 
1917) at 110 m and deeper contained Mysis as the main gangs of gill nets in the same areas at different peri- 
food organism (Koelz 1929). About one-third of the ods point up dramatically the decline of this species 
fish examined had eaten a little sand and some plant (S. H. Smith 1964). In northeastern Lake Michigan the 
remains of one kind or another; Pisidium, clay, fish longjaw catch was 35% of the sample in 1932, 1.6% 
scales, and cased invertebrate eggs were found in in 1955, and 0.6% in 1961; in central and southern 
some stomachs. One specimen taken off Bay City, Lake Michigan at 46 m, it was 14.2% in 1930-1931, 
Michigan, 29 October 1921, had eaten larvae of the 4.3% in 1954-1955, and 0.7% in 1960-1961; in central 

mayfly Hexagenia and some cased invertebrate eggs. and southern Lake Michigan, at 91-110 m; it was 
A recent study of Lake Michigan longjaws (Bersamin 15.4% in 1930-1931, 3.9% in 1954-1955, and 0.9% in 
1958) disclosed that Mysis made up 95% of their food; 1960-1961. Apparently the decline of the longjaw cisco 
the remaining 5% consisted of Pontoporeia. As many resulted primarily from intensive fishery, since its size 
as 458 Mysis were counted in a single stomach. made it vulnerable to reduced mesh sizes. It resulted 

secondly, and perhaps concurrently, from attacks by 
IMPORTANCE AND MANAGEMENT sea lamprey, which turned to the largest chubs when 
At one time the longjaw cisco constituted an impor- lake trout and burbot had been eliminated. It is likely 
tant part of the commercial chub catch of Lake Michi- that the longjaw cisco formed part of the food sup- 
gan and of the smoked fish trade. Koelz (1929) re- ply of the lake trout and burbot populations before 
ported that it occurred most abundantly in the these fishes were largely destroyed by the sea lam- 
northeastern end of Lake Michigan, between Frank- prey (Scott and Crossman 1973).
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Bloater When brought up from depths the air bladder ex- 
pands, giving the fish a bloated appearance, hence 
its name. To its discoverer, Dr. Hoy, however, it was 

Coregonus hoyi (Gill). Coregonus—angle-eye, coined by “the most beautiful of the white fish” (Hoy 1883). 

Artedi from the Greek, meaning pupil of the eye, Hybrids: Bloater x lake herring; bloater x short- 
and angle; hoyi—of Hoy, after P. R. Hoy, M.D., nose cisco (Parsons and Todd 1974). 
of Racine, Wisconsin, naturalist and ichthyolo- The problem of hybridization and introgression 

gist. has been thoroughly discussed by S. H. Smith (1964), 
Other common names: bloat, Hoy’s cisco. who made special note of a “new fish” which ap- 

peared to be a hoyi x artedii cross. The presence in 
z Lake Superior of intergrades between these two spe- 

cies suggests that the same introgression is occurring 
_— : there. Parsons and Todd (1974) noted: “The taxo- 

= ASR i ' nomic variability among C. hoyi is so great that this 
Rae) Me S form almost represents a potpourri of Lake Michigan 
“a oe aa _ g ciscoes and a ere vbethier true or not, the con- 

casi i sequence of introgressive hybridization of the Lake 
Michigan species.” 

For Lake Michigan, Jobes (1949b) assumed the exis- 

Whitefish Bay, near Whitefish Point, L. Superior, Michigan, 8 tence of at least two populations of bloaters—off the 
Aug. 1973 (U.S. Fish and Wildlife Service, Great Lakes Fishery state of Michigan shore and off the Wisconsin shore— 
Laboratory photo) separated by the deep trough in the middle of the 

lake, which permitted little intermingling of the two 
DESCRIPTION populations, at least during most of the year. 
Body elongate, with greatest depth medially; depth 
into TL 3.8—4.2. Average length 200-250 mm (8-10 DISTRIBUTION, STATUS, AND HABITAT 
in). Head into TL 4.0-4.2 (3.6-4.6). Snout usually a The bloater inhabits the underwater slopes of Lakes 
trifle longer than the large eye; snout into head length Superior and Michigan. In Lake Michigan in 1974 the 
3.7-4.0 (3.3-4.5). Premaxillaries pigmented, and major Wisconsin chub grounds ranged from Manito- 
angled downward and forward with long axis of body woc to Kenosha counties. 
at about 40°; maxillary pigmented; maxillary into head In the Great Lakes the bloater has been known 
length 2.5-2.6 (2.3-2.8), extending to pupil of eye. from Lakes Ontario, Huron, Michigan, and Superior. 
Lower jaw conspicuously pigmented (except in some Currently it is rare to extirpated in Lake Ontario; the 
Lake Michigan populations), and usually with prom- last specimen was taken on 4 May 1972 (Todd 1978). 
inent symphyseal knob; lower jaw longer than up- The Great Lakes Fishery Laboratory (Parsons et al. 
per jaw, with mandibles frail, thin, and easily bent. 1975) considers the bloater threatened in Lake Michi- 
Gill rakers long, longest usually longer than gill fila- gan and declining in Lake Superior. In Wisconsin the 
ments 41—44 (37-48). Scales in lateral line 67-77 (60-— bloater has been given watch status (Wis. Dep. Nat. 
84); scales around body anterior to dorsal and pelvic Resour. Endangered Species Com. 1975). 
fins 40-42 (38-44). Dorsal fin rays 9-10 (7); anal fin In Lake Michigan, bloaters are found at all depths 
rays 11 (10-13); pectoral fin rays 15-16 (14-17); pel- from 22 to 178 m; in Lake Superior, from 18 to 165 m. 
vic rays 11 (10-12). Pectoral fins long; length into It occurs within temperature extremes of 1.5-11.4°C 
distance from pectoral origin to pelvic origin 1.7-2.0 (34.7-52.5°F). 
(1.3-2.5). Pelvic fins long; length into distance from 
pelvic origin to anal origin 1.2-1.4 (1-1.7). Chromo- BIOLOGY 
somes 2n = 80 (Booke 1968). In the Apostle Islands region of Lake Superior most 

Color in life silvery with some pink or purple iri- spawning occurs from November to December (T. 
descence and a greenish tinge above the lateral line; Todd, pers. comm.), although some ripe bloaters 
silvery white on belly. Fins usually weakly pig- have been caught in all months and spent bloaters 
mented; dorsal and caudal fins dark edged. have been observed from September to February 

Breeding tubercles develop on scales (1-3 per (Dryer and Beil 1968). 
scale) on the sides of males and on some females. In Lake Superior spawning occurs at depths of 37—
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92 m over various bottom types. The number of eggs tom selected is not known. Breeding grounds exist 
averages from 4,225 in a 213-mm (8.4-in) fish to 10,080 off Milwaukee and Port Washington, but considering 
in a 297-mm (11.7-in) fish, or 1,241 eggs per 28 g (1 the bloater’s wide distribution there are undoubtedly 
0z) of fish. The eggs constitute about 30% of the body numerous other spawning sites (Koelz 1929). 

weight (Dryer and Beil 1968). Egg color is yellow, 1.97 In eastern Lake Michigan hatching occurs from 
mm diam (Booke 1970). mid-May to mid-July, the average incubation period 

In Lake Michigan (Emery and Brown 1978), being about 4 months (Wells 1966). Hinrichs (1979) 
spawning occurs mainly in January, February, and discussed in detail and illustrated development in 
March. In addition a few bloaters may spawn during the bloater from early cell division to the 145-day ju- 
nearly all months of the year. Jobes (1949b) desig- venile 45 mm TL. 
nated fish of both sexes as ripe, or nearly ripe, during Bloater larvae are 10.1 mm TL upon hatching (Hin- 
the months of June through October, and five fe- richs 1977). In Lake Michigan, Wells (1966) captured 
males taken in August were recorded as spent. In bloater larvae at all depths sampled, except 10 m; few 
Lake Michigan, fecundity varies from 3,230 eggs were captured at 18, 27, and 37 m, but numbers in- 
(241-mm fish) to 18,768 (305-mm fish) (Emery and creased steadily to 91 m (Wells 1966). The largest 
Brown 1978). catches in deeper water tended to be near the bottom 

Spawning occurs in Lake Michigan at a depth of and clearly in very cold water. In late May, as surface 
51 m, but bloaters may spawn in shallower or deeper warming continued and thermal stratification be- 
water (Koelz 1929); in southeastern Lake Michigan came more pronounced, the larvae concentrated 
they spawn at 73-110 m in the midst of great alewife even more at lower levels. Although all of these ob- 
concentrations (Wells 1966). The character of the bot- servations suggest a strong preference for cold water,
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>. ZO ae trend from 1958 to 1965. In combined collections, the 
NRK oF oe) number of males exceeded females in age groups 
ae, Roker inten EE LIII, but the females outnumbered males in age 

” SS groups IV_X. In combined samples 60.8% of all bloat- 
ers were females (Dryer and Beil 1968). 

The youngest mature Apostle Island bloaters 

snap POnenehy, sehen. belong to age II, and all fish older than age III are 
(oe ea wey mature. More males (91%) than females (89%) are 

> eA seees pees ttt it aE i mature at age II. All bloaters longer than 213 mm (8.4 

En ccccsecteneteeth mer veeee in) are mature. 
Similarly, in Lake Michigan the bloater appears to 

be increasing in size: 

=>— L b — Calculated TL and WT for Bloaters 

Gp. TEA Rie ie sectoco (after Jobes 1946b)# 

CS = ° Shee 1 2 3 4 5 6 7 8 9 
e 1919 

a 4 TL(mm) 85 142 167 185 202 221 244 254 280 
Preserved bloater larva, L. Michigan. Dorsal view (top), lateral 

view (middle), ventral view (bottom). 11.3 mm TL: pre-anal wae 4 18 Sl fe 86 abi ADs: 11, 188 

myomeres, 37; post-anal myomeres, 15 (Faber 1970:497). TL(mm) 93 149 178 201 225 242 260 

WT (g) 5 21 38 55 78 99 124 

the concentration near the bottom may also relate to *Bloaters taken off Grand Haven, Michigan; sexes combined and data 

the need for newly hatched larvae with rather large converted from SL, using 1.21 SL = TL 
yolk sacs to rest occasionally on the bottom. . . 

Historically, the bloater has been the smallest of all Growth in length arid weight for each. age class'was 
Bas . =, greater in 1928 than in 1919. In both years the females 

the chub species; however, in recent decades the av: : 
: ‘ : averaged about 6 mm (.25 in) longer than the males. 

erage size has increased considerably. In the Apostle aN : 
: : ‘ ._ The length of all fish in the samples taken in 1928 

Islands region of Lake Superior catches in experi about 25 Lin) 1 than thowe taken 
mental gill nets showed that lengths increased from at. apou! min (1 in) longer than those take 
a mean of 226 mm (8.9 in) recorded between 1958 and as h Iso j di 1 haul de b 
1961 to a mean of 254 mm (10 in) recorded between mSiY (Size! alsOsinGreased Inu tay -pauisemiace: De 

tween 1954 and 1966 at Grand Haven and Saugatuck, 
1962 and 1965. The percentage of bloaters longer Michi S. H. Smith 1968b): 
than 226 mm increased from 44.9 to 99.4 (Dryer and ichigan (S. H. Smi ): 

Beil 1968): 1954 1960 1962 1963 1964 1965 1966 

Calculated TL etthe’Annulus TL (mm)e 174-203-207, 212,213, 218-223 
(mm) % greater than 

SS 229 mm (9 in) 42 121 127 181 189 288 382 
1 2 3 4 5 6 7 8 9 10 a 

a alncludes all year classes. 

1958-1961 97 142 170 193 208 218 234 246 257 
1962-1965 99 150 183 208 226 239 254 269 284 297 The mean length in southern Lake Michigan in- 

creased 49 mm (about 2 in) during this period, and 
The average size of the few age-I fish is nearly iden- the percentage of bloaters large enough for the hu- 
tical for the two periods, but during the 1962-1965 man food market (usually greater than 229 mm) in- 
period bloaters at ages III-VII were 20-33 mm (0.8- creased from 4.2 to 38.2. In northern Lake Michigan 
1.3 in) longer and 31-37 g (1.1-1.3 oz) heavier than the length increased about 25 mm (1 in) between 1955 
those taken from 1958 to 1961. and 1964, and the percentage of bloaters suited for 
Growth in weight of Apostle Island bloaters, like human food rose from 25 to 67 (S. H. Smith 1968b). 

growth in length, was faster in the 1962-1965 period A large female bloater taken in Green Bay on 21 
than in the 1958-1961 period. Fish taken in the 1962- May 1973 measured 366 mm (14.4 in) TL and weighed 
1965 period were 0.56 g (0.02 oz) heavier at the end 332 g (11.7 oz). 

of the first year of life, and 50 g (1.75 oz) heavier at The occurrence of fingernail clams and fish eggs in 
the end of the ninth year, than fish of the same ages stomachs of Lake Superior bloaters suggests occa- 
taken during the 1958-1962 period. Bloaters weighed sional bottom feeding, but bloaters are primarily pe- 
207 g (7.3 0z) at the end of 10 years of life. lagic feeders. A comparison of foods found in large 

Sex composition fluctuated irregularly and without (above 200 mm) and small (below 200 mm) bloaters
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revealed that copepods composed 98% of the total taken at midlevels, almost invariably in or below the 
volume for small bloaters and 43% for the larger fish. thermocline, but the largest catches of adults are 

Pontoporeia contributed 46% of the volume of food for made characteristically near the bottom (Wells 1968). 

the larger fish and only 1% for fish shorter than Occasionally relatively good catches are made at 
200 mm. Mysis were found in the stomachs of 17% 110-126 m, but at depths of 128 m and more the spe- 

of the larger fish and 7% of the smaller fish (Dryer cies ordinarily is scarce (Jobes 1949b). The temper- 
and Beil 1968). ature extremes of the water from which the bloater 

Lake Michigan bloaters 33-145 mm TL, taken by has been taken are 1.5-11.4°C (34.7-52.5°F), but the 
midwater trawl at 42-73 m, contained 100% zoo- fish is encountered in greatest abundance at 3.8-7°C 
plankton (Wells and Beeton 1963). The predominant (38.8-44.6°F). 
copepods were Cyclops bicuspidatus in summer and In the Apostle Islands region of Lake Superior 
Diaptomus spp. in the fall. Daphnia galeata mendotae some bloaters migrate into relatively shallow water 
was by far the commonest cladoceran, especially in 18-53 m during the summer and fall (Dryer 1966), 
the fall. Other cladocerans were Daphnia retrocurva although they are most abundant at 73-90 m at that 
and Bosmina longirostris. In bloaters over 178 mm (7 time. In the spring they are evenly distributed at 
in) long, Pontoporeia was the most important item in 55-108 m. 
the diet, with some stomachs containing more than In Lake Michigan, Wells (1968) noted that this spe- 

200, although the usual number was fewer than 100. cies engages in a shoreward movement in May, and 
Pontoporeia is most commonly eaten in the shallower that by July the greatest number are at depths shal- 
water, but it is important at all depths; as they grow lower than 37 m. Bloaters avoid warm inshore water, 
larger, bloaters depend more on Pontoporeia. Mysis but in a July trawl series, when the inshore water was 

relicta is next in importance and is most commonly cooled during an upwelling, the largest catches were 
eaten in deeper water in the fall by fish 178-251 mm at 9-22 m, and two bloaters were taken at 6 m. A 
(7-9.9 in) long. Ordinarily individual stomachs held single young-of-year was taken with a minnow seine 

fewer than 50 Mysis, but one contained 181. at a depth of less than 1 m at Virmond Park beach 
The ratio of Pontoporeia to Mysis decreases as depth (Ozaukee County) in September 1973. 

increases from 27 to 73 m. Mysis is ordinarily found 
a meter or so above the bottom (Beeton 1960), 

whereas Pontoporeia is primarily a bottom dweller. IMPORTANCE AND MANAGEMENT 
The preponderance of Pontoporeia in the diet of bloat- Historically the bloater was a small chub species and 
ers more than 254 mm (10 in) long was probably due of little value to man. However, recent environmen- 
to the tendency of larger fish to feed directly on the tal advantages have resulted in increasing numbers 
bottom; this was borne out by the much higher per- and size, and the bloater has become the most im- 
centage of bloaters longer than 254 mm (10 in) found portant species of chub remaining in the fishery of 
to have mud in their stomachs. Lakes Michigan and Superior. It is presently the 

According to Beeton, the clams Pisidium and mainstay of the chub fishery and provides the bulk 
Sphaerium spp. occurred in 33% of all bloaters com- of the smoked fish marketed for human consump- 
bined; however, due to the small numbers present in tion. 
individual stomachs, this item averaged only about In Lake Michigan, as the lake trout declined in the 
2% of the dry weight. The remaining food items late 1940s and early 1950s—a result of commercial 
made up a combined total of only 2% of the dry fishing pressure and sea lamprey depredations—the 
weight; they included fish eggs, midges, ephemer- bloater benefited by losing a key predator. At the 
opteran nymphs, and fragments of other insect or- same time the larger species of chubs were removed 
ders. Although found in 7.5% of the stomachs, ostra- by the same pressures; by the early 1960s the largest 
cods constituted a negligible proportion of the dry deepwater ciscoes apparently had been extermi- 
weight. nated, and the intermediate-sized species were un- 

Wells (1968) noted that bloaters live at midlevels in common. The smallest species, the bloater, exploded 
Lake Michigan until their third year. Few bloaters in numbers, beginning probably in the early or mid- 
less than 178 mm (7 in) long are on the bottom. The 1950s. 

larvae are in the hypolimnion in deep water, but the Apparently the bloaters’ expansion was not only in 
exact distribution of juveniles at mid-depths is un- numbers but also in territory; where previously 
known. The few that have been caught were taken bloaters had maintained breeding isolation, they 
in the thermocline or in upper levels when the water now encroached upon the habitats and breeding 

was cool. A few adult bloaters (age II or older) are cycles of other species of chubs. By 1969, a shortnose
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cisco or kiyi was only rarely caught in experimental 1967, the alewife must have become increasingly 
nets, and even these few “nonbloaters” were not as competitive with the bloater. The alewife altered the 
distinct morphologically as formerly, their appear- zooplankton population by greatly reducing the 
ance suggesting hybridization with the bloater (Par- availability of large zooplankton species and the zoo- 
sons and Todd 1974). plankton biomass (Wells and Beeton 1963). Since 

In Lake Superior the bloater expansion was made young bloaters feed almost exclusively on zooplank- 
possible by the removal of the larger chub species ton, the implications are obvious. Alewives may also 
through the use of progressively smaller mesh sizes feed on the eggs of bloaters (Morsell and Norden 
in the commercial fisheries. All but the bloater had 1968). 

been fished to seriously reduced populations before As the number of bloaters has declined, their size 
the first sea lamprey was reported in 1946. Hence it has increased. Much of the increase up to the early 
is doubtful that either the sea lamprey or competition 1960s was due to faster growth, but in recent years a 
from the alewife played the role in Lake Superior that greater proportion of older fish in the population has 
they apparently had in Lake Michigan (S. H. Smith also been involved; the average age increased from 
1968b). Moreover, the alewife in Lake Superior is not 3.5 years in 1964 to 6 years in 1969 (Brown 1970). The 
abundant enough to affect bloater populations (Law- proportion of females in the population rose from 
rie and Rahrer 1973). 75% in 1954 to 97% in 1961, then changed little 

In recent years the bloater has become the main- through 1967 (Brown 1970). In the early 1970s, the 
stay of the chub fishery. Fishery surveys of Lake sex ratio shifted back to a better representation of 
Michigan showed bloaters making up only 31% of the males, but the growth rate continued to increase. The 
catch from 1930 to 1932, over 75% of the catch from sea lamprey’s preying on larger bloaters was un- 
1950 to 1955 (Moffett 1957), and 93-95% of the catch doubtedly responsible for some bloater loss (S. H. 
in experimental gill nets from 1960 to 1961 (S. H. Smith 1968b). 
Smith 1964). They first entered the commercial fish- S. H. Smith (1968b) and Brown (1970) interpreted 
ery in the late 1950s with the introduction of trawl these changes as a response by the bloater to envi- 
fishery, which provided an efficient means of catch- ronmental stresses that probably will result in a dis- 
ing them in large quantities at low cost for animal astrous decline in the stocks. Both Smith and Brown 
food and fish meal. During the same period even the based their views on similar changes which preceded 
gill net fishery became dependent on bloaters taken sharp declines in other coregonid populations, e.g., 
for human consumption when species of large chubs the lake herring in Birch Lake, Michigan (Clady 
became scarce. The combined influence of the new 1967). Also, commercial fishermen have remarked 
trawl fishery and the increase in size of bloaters, that the average size of ciscoes was very large just 
which made them better suited for the gill net fish- before their drastic reduction in the middle and late 
ery, resulted in the largest chub catches of record: 5.0-— 1960s in Lake Huron. 
5.4 million kg yearly during the 1960-1962 period. During the 1970s the Wisconsin Department of 
There was a sharp drop in production after deaths Natural Resources initiated an assessment fishery in 
from botulism were attributed to improperly pro- Lake Michigan which was conducted out of ports from 
cessed smoked chubs. Although the market and the Two Rivers to Kenosha (Wis. Dep. Nat. Resour. 1976c). 
fishery partially recovered, with catches of 2.3-2.7 Commercial production of bloaters reached a low in 
million kg recorded during the 1968-1970 period, in- the fall of 1975, but from 1976 to 1977 strong 1972 
stability of the populations since has caused concern and 1973 year classes entered the fishery (P. Schultz, 
for the future of the industry and for the bloater pers. comm.). From July 1981 to June 1982, 680,000 
stocks. kg (1.5 million Ib) were harvested from the Wiscon- 

Fishery biologists in states adjoining Lake Michi- sin waters of Lake Michigan. 
gan agree that the abundance of the bloater chub, the Similar trends in the bloater economy have been 
most common chub in the fishery, has been declining documented for Lake Superior. In the 1930s the 
at the rate of 20% per year since 1969, and that the shortjaw cisco (C. zenithicus) dominated the chub 
decline has been accompanied by increased growth fishery (Van Oosten 1937c), but by 1965 bloaters con- 
rate, decreased reproduction, and a shift in the sex stituted about 90% of the commercial landings of 
ratio (Poff 1973). The environmental factor or factors chubs at Bayfield. In 1966 and 1967 the commercial 
leading to poor year classes, which has been the catch exceeded 408,000 kg, but there has been a steady 
main cause of this decline, are not clear. The alewife, drop since (161,000 kg in 1974—Wis. Dep. Nat. Re- 
however, is an obvious suspect. During its explosive sour. [1976]) despite the high market value and ex- 
increase in Lake Michigan from the 1950s to early cellent demand.
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Kiyi Breeding tubercles appear in the males (Koelz 

1929). 
Hybrids: Kiyi x bloater (S. H. Smith 1964). 

Coregonus kiyi (Koelz). Coregonus—angle-eye, coined 
by Artedi from the Greek meaning pupil of the SYSTEMATIC NOTES 
eye and angle; kiyi—name used by commercial The type specimen (USNM 84100) is a female 191 mm 
fishermen of Lake Michigan. (7.5 in) SL from Lake Michigan, taken 19 km east by 

Other common names: bigeye, paperbelly, water- south of the mouth of the Sturgeon Bay Ship Chan- 

belly, chub, mooneye. nel at 110-128 m on 23 August 1920 (Koelz 1921). 

The kiyi is most easily confused with the bloater, 

since both have the protruding mandible with a pro- 
nounced symphyseal knob. The kiyi has a large eye, 

am ; very long fins, and heavily pigmented mouth parts. 
‘ 9 Pa a ee Parsons and Todd (1974), noting the high degree of 

; oe intergradation of taxonomic characteristics among 
a most specimens of kiyis and bloaters in Lake Supe- 

rior, have suggested that these two forms may be a 

‘ single species. In using Koelz’s (1929) data, only fish 
near the extremes of the range of characteristics 

. : could be readily identified either as kiyi or bloater. 
Keweenaw Bay, L. Superior, Michigan, 5 Sept. 1973 (U.S. Fish 

and Wildlife Service, Great Lakes Fishery Laboratory photo) DISTRIBUTION, STATUS, AND HABITAT 

The kiyi occurs in Lakes Superior and Michigan. It 
has not been recorded from Green Bay. Recent veri- 

DESCRIPTION fied records of kiyi occurrences from the Wisconsin 
Body elongate, thin (strongly compressed laterally). waters of Lake Michigan are: 16-24 km east of She- 
Average length 259 mm (10.2 in). Greatest depth in boygan, June 1968 (UWSP 2439); Milwaukee reef, 1974 
front of dorsal fin, depth into TL 4.2. Head into TL (Fish and Wildlife Service, Ann Arbor); 23 km east 
3.8-4.1 (3.7-4.3). Snout almost equal to eye diam. of Algoma (Grid 1006) (U.S. Fish Wildl. Serv. 1972), 
Premaxillaries heavily pigmented, and angled down- April 1975 (Wis. Dep. Nat. Resour.). 
ward and forward with long axis of body at about This species is known from Lakes Ontario, Huron, 
50°; maxillary heavily pigmented, extending beyond Michigan, and Superior. The last known occurrence 
anterior edge of pupil but never to its center. Lower for Lake Ontario was 1964; for Lake Huron, 1973. 
jaw conspicuously pigmented, usually with a promi- The kiyi is regarded as extirpated in Lakes Ontario 
nent symphyseal knob; lower jaw frail (thin and eas- and Huron, endangered in Lake Michigan, and de- 

ily bent) and projecting beyond the upper jaw. Eye clining in Lake Superior (Parsons et al. 1975, Mich. 
into head length 3.8-4.2 (3.6—4.3). Gill rakers me- Dep. Nat. Resour. 1976, Wis. Dep. Nat. Resour. En- 
dium long, longest about as long as the longest gill dangered Species Com. 1975). Todd (1978) lists it as 
filaments, 36—41 (34-45). Scales in lateral line 77-87 abundant in Lake Superior. 

(71-91); scales around body anterior to dorsal and In Lake Michigan the kiyi’s future is in jeopardy. 
pelvic fins 41-44 (39-46). Dorsal fin rays 9-10 (11); S. H. Smith (1964) summarized its abundance as in- 

anal rays 10-12 (9-16); pectoral rays 16-17 (15-18); dicated at the most favorable sites in central and 

pelvic rays 11 (12). Pectoral fins very long; length into southern Lake Michigan. At 46 m the numbers of kiyi 
distance from pectoral origin to pelvic origin 1.4-1.7 caught per 466-m gang net were 8.6 fish in 1930-1931, 
(1.1-2.1). Pelvic fins very long, length into distance 9.6 in 1954-1955, and 1.5 in 1960-1961; at 91-110 m, 
from pelvic origin to anal origin 1-1.3 (0.96-1.4). the numbers caught were 73.7 fish in 1930-1931, 79.2 

Color in life, silvery with faint pink to purple iri- in 1954-1955, and 19.2 in 1960-1961. 
descence, strongest above the lateral line and absent The kiyi was abundant in Lake Michigan as re- 
on the lighter-colored belly. Pigment occurs on the cently as 1954-1955 (Moffett 1957), but had become 
sides above the lateral line, sparsely below. Dorsal greatly reduced by 1960-1961 (S. H. Smith 1964). It 
and caudal fins widely margined with black; median was nearly extirpated by 1964 (Wells 1966), although 
rays of the caudal fin intensely pigmented with it was noted during trawling off the port of Sauga- 

black. tuck, Michigan. By 1969 (Wells and McLain 1973), ki-
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yis were only rarely caught in experimental nets; even shallow water off Racine on 24 September, and spent 
these were not as distinct morphologically as for- kiyis of both sexes occurred in collections made on 28 
merly, their appearance suggesting hybridization with September (Hile and Deason 1947). Spawning activi- 
the bloater (S. H. Smith 1964). ties proceed slowly during late September and early 

The reasons for the decline of the Lake Michigan October and peak in mid-October. In northern Lake 
kiyi to an endangered status are not known, al- Michigan off Kewaunee on 15 October, 88% of the 
though the alewife is suspected. In midwinter, ale- males and 69% of the females were ripe, although 
wives are densely concentrated on the bottom in the spent fish were scarce. By 30 October 47% of the 
deepest areas of the lake, in the identical areas occu- males and 42% of the females were spent. Spawning 
pied by the kiyi (S. H. Smith 1968b). may continue to mid-November. Hile and Deason 

The kiyi has the deepest habitat of any of the chubs (1947) assumed that the true length of the spawning 
now present. In Lake Superior the kiyi is absent at season is 2 months or more. Known spawning areas 
depths of less than 37 m; it becomes increasingly in 1931 included Kewaunee, Sheboygan, and Racine 
abundant down to 183 m (Dryer 1966). In Lake Michi- in Wisconsin and Grand Haven in Michigan, at 
gan it occurs throughout the central basins at depths depths of 104-154 m. Koelz (1929) noted that in Lake 
of 73 m to at least 165 m, and occasionally in shal- Superior during the spawning season (late Novem- 
lower waters. ber to early December) the majority of kiyis were 

taken from 183 m. 

The weight loss of male kiyis after spawning has 
BIOLOGY been recorded as 1.6%; females, 11.8% (Deason and 
The kiyi spawns in the fall. In southern Lake Michi- Hile 1947). Scale formation commenced between 27 
gan there is evidence that spawning begins as early and 32 mm TL and was completed at 51 mm TL (Hog- 
as late September. A spent female was captured in man 1970).
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Deason and Hile (1947) studied the age and growth Collections of kiyis from Lake Michigan were char- 
of 1,649 kiyis captured at seven localities in Lake acterized at all times by a strong preponderance of 

Michigan in 1931 and 1932. Only 10.4% of the total females (Deason and Hile 1947). The dominance of 
fish studied were males. Age IV was dominant females, however, was less pronounced in the 
(38.8%) in the combined collections. The average spawning-run collections (75.2%) than in late spring, 
ages of the sexes were: males, 4.12; females, 4.56. The summer, and early autumn samples (90.2%). Deason 

average total lengths and weights for all males were and Hile conjectured that during the summer a 
257 mm and 136 g; females, 267 mm and 159 g: greater proportion of the males were living at depths 

greater than those fished, or that they were some- 
Calculated: Lat the Annulus what above the bottom beyond the reach of the gill 

(mm) 
TT nets (which rested on the bottom and were only 

SS 1.5 m deep). A decline in the number of males as age 
Moles 122; 178, 208 284: 2h br) increases may represent a higher natural death rate 
‘emales 124 173° «218 «241-259 267272274 : . 

ee among the males, or a more rapid rate of destruction 

co. - in the fishery. 
In northern Lake Michigan the growing season for In Lake Superior the bathymetric distribution of ki- 

the kiyi is 3-32 months long, with 80% of the —_yis was at 0.2% for 37-53 m, 0.9% for 55-71 m, 0.9% 
growth completed by 9 July and the remainder before for 73-90 m, 8.6% for 91-108 m, 27.0% for 110-126 
7 September. It is probable that the initiation of m, 32.2% for 128-144 m, and 30.2% for 146-163 m 

growth is a function of food or light rather than tem- (Dryer 1966). 

perature (Deason and Hile 1947). The temperature of Little is known of the kiyi’s feeding habits. In Lake 
the central basin inhabited by the kiyi fluctuates be- Huron, fish captured off Alpena had eaten Mysis al- 

tween 2°C (35.6°F) in winter and about 4°C (39.2°F) in most exclusively (Koelz 1929). In Lake Ontario, Mysis 
Sumner, , , . were the principal food of 53 kiyis captured off Port 

The K-factor of kiyis studied by Deason and Hile Credit, whereas Pontoporeia ranked first in two fish 
was greater than 1.35 for fish 221 mm (8.7 in) TL or —_ from Main Duck Island (Pritchard 1931). Mysis also is 
longer. Ripe or nearly ripe females had an average K considered an important food in Lake Michigan, but 
of 1.47; spent, 1.31. Corresponding figures for males constituted only 30.3% of ingested food, compared 
were 1.37 and 1.36. . with 69.7% Pontoporeia (Bersamin 1958). 

In Lake Michigan this coregonid matures at a small 
size: females at 173 mm (6.8 in) TL; males at 178 mm 

(7.0 in) (Hile and Deason 1947). In Lake Superior the IMPORTANCE AND MANAGEMENT 

smallest mature specimen examined was 161 mm TL The kiyi is undoubtedly a food source for such preda- 
(Koelz 1929). tors as the lake trout and burbot, but it is inaccessible 

The largest known kiyi was a spent male 351 mm to the hook-and-line fisherman. 
(13.8 in) TL, weighing 332 g (11.7 oz), captured off Its incidence in commercial fish hauls is minor. Ex- 
Kewaunee in Lake Michigan on 5 November 1931. amination of 681 chubs from Lake Superior commer- 
The largest female, a ripe fish taken off Racine on 30 cial landings at Bayfield in 1965 revealed that kiyis 
October 1931, was 335 mm (13.2 in) TL weighing 329 composed 2% of the catch, shortjaw ciscoes 8%, and 
g (11.6 oz) (Deason and Hile 1947). bloaters 90%.
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Blackfin Cisco pectoral rays 16-17 (15-18); pelvic rays 11-12. Pec- 
toral fins medium long; length into distance from 
pectoral origin to pelvic origin 1.6-1.8 (1.5-2.2). Pel- 

Coregonus nigripinnis (Gill). Coregonus—angle-eye, vic fin medium long, length into distance from pelvic 
coined by Artedi from the Greek meaning pupil origin to anal origin 1.21.5 (1.6). 
of the eye and angle; nigripinnis: niger—black, Color in life, silvery, but the silvery cast is least 
pinna—fin. conspicuous in this species because of the heavy pig- 

Other common names: blackfin chub, blackfin tulli- mentation. Dorsal surface blue-black, almost obscur- 

bee, blackback tullibee, mooneye cisco. ing the pea green to blue-green beneath. Below the 

lateral line pale blue-green is evident beneath the sil- 
very layer. All fins, including the pelvics, usually 

3 blue-black. Males with breeding tubercles. 
Poca 

win “a Ze 
Ren eet eee ead SYSTEMATIC NOTES 

me) : = The blackfin cisco was named by Gill (see Hoy 1872a) 

“<4 r - ~ from a specimen caught in Lake Michigan and sent 
to him by P. R. Hoy. “It has as yet been found only 
in the deepest water of Lake Michigan, where I had 

Adult male 314 mm, L. Michigan, near Port Washington, 26 May the pleasure of discovering it” (Hoy 1883). The type 
1922 (Koelz 1929:416) specimen is not extant according to Koelz (1929). 

Koelz (1929), in his treatment of the coregonids of 

an, the Great Lakes, recognized two forms in Wisconsin 

py Uj, waters: Coregonus (=Leucichthys) nigripinnis nigripin- 

B n AZZ. nis—the blackfin of Lake Michigan; and Coregonus ni- 
y, CAB gripinnis cyanopterus—the bluefin of Lake Superior. 

° (@) lj BA, Since Koelz, the literature of the fishes of the region 
jy A has consistently reported the blackfin cisco from both 
Wie lakes. However, recent work at the Great Lakes Fish- 

4 iy ery Laboratory in Ann Arbor, involving analysis of 
[] specimens upon which Koelz based his study, has 

shown that nigripinnis never existed in Lake Superior 
Sketch of head and anterior gill arch of UMMZ 53119, L. Michi- (Parsons et al. 1975, Todd 1977 and 1978, Todd and 

gan, Racine, 3 July 1906 Smith 1980). Principal component analysis of Koelz’s 
specimens indicate that all C. n. cyanopterus were 

DESCRIPTION merely large and old C. zenithicus and that C. n. cy- 
The following is based on Koelz’s (1929) description anopterus is synonymous with C. zenithicus. The de- 

of specimens from Lake Michigan. velopment of heavily pigmented fins in old and large 
Body elongate, with greatest depth anteriorly. Av- zenithicus is probably responsible for occasional cur- 

erage length 333 mm (13.1 in). Depth into TL rent reports of “bluefins” in Lake Superior. Early rec- 
3.4—4.0. Head into TL 4.1-4.4 (3.8-4.7). Snout into ords of C. nigripinnis prognathus in Lake Ontario are 
head length 3.5-3.9 (4.1). Premaxillaries heavily pig- also invalid; this species is not known to have oc- 
mented, and angled downward and forward with curred in that lake (Todd 1978). 

long axis of body at 45—60°; anterior maxillary heavily Scott and Crossman (1973) noted that in inland 
pigmented, maxillary seldom extending much be- waters of Canada it is often difficult to distinguish 
yond the anterior edge of the pupil. Lower jaw con- nigripinnis from artedii. Clarke (1974) determined that 
spicuously pigmented and no symphyseal knob; previous records of nigripinnis for Alberta and Sas- 
lower jaw stout and equal to the upper jaw. Eye into katchewan are actually records of C. artedii. 
head length 4—4.4 (4.6). Gill rakers long, the longest 

greater in length than longest gill filaments, 46-50 DISTRIBUTION, STATUS, AND HABITAT 
(41-52). Scales in lateral line 80-87 (74-89); scales In the Great Lakes, the blackfin cisco is known only 

around body anterior to dorsal and pelvic fins 42-44 from Lakes Michigan and Huron. In Lake Huron the 
(41-45). Dorsal fin rays 10-11; anal rays 11-12 (10-13); last known occurrence was at Wiarton, Ontario, on
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26 June 1923 (Koelz 1929). In Lake Michigan the last BIOLOGY 

known blackfin cisco was taken in a trawl at 13 m off The Lake Michigan blackfin cisco spawns in Decem- 
Marinette (Marinette County) on 26 May 1969. Two ber and January. Commercial fishermen reported 
weeks earlier on 11 May two blackfin ciscoes were spawning grounds 65 km ESE of Milwaukee in 110— 
gill-netted from 146 m off Saugatuck, Michigan (T. 165 m during late December and early January (Koelz 
Todd, pers. comm. and 1978). This species is prob- 1929). During the same period spawning was re- 
ably extirpated in Lake Michigan (Parsons and Todd ported 8-13 km west of Manistee in 73-146 m on clay. 
1974, Lopinot and Smith 1973, Todd 1978, Wis. Dep. The smallest specimen collected from Lake Michi- 
Nat. Resour. Endangered Species Com. 1975). gan by Koelz (1929) measured 220 mm and was 

S. H. Smith (1964) suggested that the extirpation of mature. Some much larger specimens have been im- 
the last few blackfin ciscoes may have occurred mature. 
through introgressive hybridization due to a lack of This species is the largest of the endemic deepwa- 
their own species for spawning. The sheer numbers ter ciscoes in Lake Michigan, reaching an average 
of bloaters present, also in spawning condition, length of 333 mm (13.1 in) in 1930 when all species 
could have overwhelmed the few blackfin eggs with of deepwater ciscoes were well represented (S. H. 
bloater sperm. Smith 1964). The maximum size is not known, but 

The blackfin cisco occurred throughout Lake Mich- Dymond (1926) gave a length of 388 mm (15.3 in) for 
igan at depths of 55-165 m. It is probable that the Lake Nipigon specimens. The maximum age is prob- 
blackfin seldom ranged above the 55 m contour. It ably 14 years (Van Oosten 1932). 
was a characteristic cisco of the deepest waters, often Mysis appeared as the major food in 56 stomachs 
in company with the deepwater cisco (C. johannae) and from fish collected off Alpena, Michigan, in Septem- 
the kiyi (C. kiyi). ber and October 1917, and in two fish taken in Geor-
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gian Bay on 6 October 1919. All fish came from catch as the chubs which would bring the fanciest 
depths of more than 110 m (Koelz 1929). In one or prices. 
two stomachs a trace of plant fragments and of adult It seems almost certain that the large blackfin was 
insects or a fish scale was found. simply overexploited in the early fishery, since it be- 

came scarce before a detrimental effect on this deep- 
IMPORTANCE AND MANAGEMENT water species would have been produced by any other 
The young of the blackfin cisco, along with other cisco factor (Wells and McLain 1973). Numbers were low 
species, were important foods of the lake trout in the in 1920 when Koelz collected specimens on Lake 
deep waters of Lake Michigan. When the lake trout Michigan. In the comparison surveys of Lake Michi- 
stocks were becoming exhausted in the early 1950s, gan, the blackfin cisco hardly became part of the rec- 
the sea lamprey undoubtedly parasitized the last few ord. Only 0.3 fish was caught per 466-m (1,530-ft) 
surviving blackfins. gang net set at 91 m in northern Lake Michigan in 

From the early days of the chub fishery to the time 1932. In 1930-1931 off Grand Haven, Michigan, 1.8 

of its disappearance, the blackfin cisco was the prime fish were caught per gang net set at 46 m and 91 m, 
target of the smoked fish industry (Hile and Buettner and off Ludington, Michigan, 3.6 fish at depths up 
1955). While on a fishing tug in 1951 off Port Wash- to 110 m. None of the comparison surveys of 1954— 
ington, I saw a half dozen large blackfins which the 1955 and 1960-1961 caught blackfin ciscoes (S. H. 
fishermen had set aside from the remainder of the Smith 1964).
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Deepwater Cisco descence above the lateral line; white on belly. This 
species closely resembles C. alpenae, the longjaw 
cisco (Koelz 1929, Scott and Smith 1962). 

Coregonus johannae (Wagner). Coregonus—angle-eye, Males develop breeding tubercles in the breeding 
coined by Artedi from the Greek meaning pupil season. Tubercles 1 per body scale, except 2 on lateral 
of the eye and angle; johannae—of Johanna, “life line scales (1 on either side of the pore). Tubercles not 
companion” of George Wagner (Wagner 1910). present on scales along the back and the belly. Small 

Other common names: the chub, deepwater chub. tubercles of irregular shape and size, irregularly dis- 

tributed on head; faint tubercles on some fins, espe- 
cially the pelvics. 

Bit oe SYSTEMATIC NOTES 
. 4 The type specimen (USNM 87353) is a ripe male 265 

+. es 3 mm (10.5 in) long from Lake Michigan, taken about 

oo = my 29 km off Racine at a depth of about 46 m on 3 July 

b 1906 (Koelz 1929). 

Adult male 243 mm, L. Michigan, Michigan City, Indiana, 3 Sept. DISTRIBUTION, STATUS, AND HABITAT 

1920 (Koelz 1929:364) The deepwater cisco was formerly a widely distrib- 
uted endemic species in the deeper waters of Lake 

l) ) I} . Michigan (55-165 m) and Lake Huron (29-183 m). It 

y U ip Z was not known from lower Green Bay. In Lake Hu- 
MM Y (AZ ron a specimen (ROM 19214) was last reported from 

6 (@) YjWA =~ Wolfsell, Ontario, on 4 August 1952 (Todd 1978). In 
~ | ZA Lake Michigan several specimens were identified 

AB from a commercial catch at 183 m in Grand Traverse 
BA Bay, Michigan, in June 1951 (Moffett 1957). S. H. 

SS Smith (1964) has suggested that the extinction of the 
last few johannae may have come about through intro- 

Sketch of head and first gill arch of UMMZ 54380 gressive hybridization due to a lack of their own spe- 

cies for spawning. Large numbers of spawning bloat- 
ers present during an attempted spawning of the few 

DESCRIPTION remaining deepwater ciscoes could—over a few gen- 
Body elongate, moderately compressed. Average erations—overwhelm the johannae gene pool to the 
length 290 mm (11.4 in). Greatest depth forward, point where it was no longer recognizable. It is pres- 
depth into TL 3.7-4.5. Head into TL 4—4.2 (3.8-4.4). ently considered extinct (Todd 1978, Wis. Dep. Nat. 
Snout into head length 3.3-3.6 (3.2-4). Premaxillar- Resour. Endangered Species Com. 1975). 
ies little or not at all pigmented, and angled down- 
ward and forward with the long axis of body at BIOLOGY 
50-60°; maxillary generally unpigmented, never ex- The deepwater chub spawned in late summer from 
tending to the center of the eye. Lower jaw unpig- mid-August to late September. Koelz (1929) noted 
mented and moderately stout, about equal to upper that in Lake Michigan near Rock Island the few fish 
jaw. Gill rakers short, longest generally shorter than he had seen prior to August 1920 were not sexually 
the longest gill filaments, 27-32 (26-36). Scales in lat- mature. On 19 August he caught a number of males 
eral line 80-90 (74-95); scales around body anterior with freely flowing milt and with breeding tubercles; 
to dorsal and pelvic fins 41-44 (38-46). Dorsal fin the females were not yet ripe but he assumed that 
rays 9-10 (11); anal rays 11-13 (10-16); pectoral rays they would spawn soon. In October he examined 
16-17 (14-20); pelvic rays 11 (11-12). Pectoral fins fish from a number of ports and noted spent females. 
medium long; pectoral fin length into distance from He did not know at what depths nor over what bot- 
pectoral origin to pelvic origin 1.6-1.8 (1.5-2.1). Pel- toms the species spawned, and, upon examination of 
vic fins medium long; length into distance from pel- a number of fish, he assumed that a certain propor- 
vic origin to anal origin 1.2-1.5 (1.1-1.6). tion spawned every other year. 

Color in life, silvery with faint pink to purple iri- This species was the second largest of the endemic
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deepwater ciscoes in Lake Michigan, reaching an av- kg of johannae to the kilometer of net when raised 
erage length of 290 mm (11.4 in) and a weight of after 5 nights; he noted that they were uncommon. 
about 680 g (1.5 Ib). In only one lift, on 19 August 1920 near Rock Island, 

Hubbs examined 34 stomachs of johannae collected at 130-165 m, did he encounter a haul of johannae 
from Lake Huron off Alpena, Michigan, at 119-128 m which he considered abundant: in a lift of 408 kg, 
during September and October 1917 (Koelz 1929). about one-third were johannae—the remainder kiyi. 
Mysis constituted 80-100% of the food in most of the By 1930-1932, in experimental nets set in north- 
stomachs. Pisidium and Pontoporeia were present in eastern Lake Michigan, johannae constituted less than 
about one-third of the stomachs, usually only in 1% of the chub catch; near Manitowoc and Racine, 
small quantities. Half of all specimens had ingested 1.5%; and near Ludington and Grand Haven, 3% 
sand, cinders, and wood fragments. Other objects in- (Moffett 1957). Identical sets made in the same or 
cluded adult insects, larval and pupal Chironomidae, nearby locales in 1954-1955 and 1960-1961 produced 
and fish scales. no johannae (S. H. Smith 1964). 

It seems certain that the large johannae were simply 
IMPORTANCE AND MANAGEMENT overexploited in the early fishery, since they became 
The deepwater cisco and the blackfin, our largest scarce before a detrimental effect on this deepwater 
cisco species, were exploited heavily in a highly se- species would have been produced by any other fac- 
lective fishery from the mid-1800s to the early 1900s tors (Wells and McLain 1973). It was already scarce 
(Hile and Buettner 1955, S. H. Smith 1964). By 1920 when the sea lamprey moved into Lake Michigan, 
the deepwater cisco apparently had been seriously and its moderately large size and deepwater habitat 
depleted. During the summer and fall of that year would have made it vulnerable to depredations by 
Koelz (1929) examined lifts out of Milwaukee and the sea lamprey during and particularly following de- 
Michigan City which contained between 5.7 and 51 struction of the lake trout (Scott and Smith 1962).
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Pygmy Whitefish acteristics represented by a reduction in the numbers 
of gill rakers, pyloric caeca, and lateral line scales 
(Norden 1970). It is the smallest species in the genus, 

Prosopium coulteri (Eigenmann and Eigenmann). Pro- and the one with the most disjunct distributional pat- 

sopium—a mask, from the large bones in front tern. 
of the eyes; coulteri—of Coulter, after Dr. J. M. McCart (1970) discussed the existence of sibling 

Coulter, a distinguished botanist. species of pygmy whitefish, suggesting that the Lake 
Other common names: Coulter’s whitefish, brown- Superior population is sufficiently divergent from 

back whitefish, pygmy. western populations to have had a Mississippi glacial 
refugium, while western populations may have re- 
dispersed from a Yukon-Bering Sea refugium (high 
gill raker form), or from a western refugium south of 

j the ice sheet (low gill raker form). 

Cab Sy DISTRIBUTION, STATUS, AND HABITAT 
Bottom trawling by the United States Fish and Wild- 

6 L.. Suvedior: Gav island (gilanivGy), 7 Nove 1878 life Service motor vessel Cisco in Lake Superior in 
mm, L. Superior, Cat Isian snian: ‘0.), OV. : : : 

(specimen donated by U.S. Fish and Wildlife Service, Ashland) 1952-1953 revealed a peculiarly isolated population 
of pygmy whitefish, which had previously been re- 
ported only from the Pacific drainage of northwest- 
ern North America. This disjunct Lake Superior pop- 

DEE HON ulation is over 1600 km (1000 mi) removed from its 
Body elongate, rounded. Length 30-153 mm. Depth . 

pees : . normal range (Eschmeyer and Bailey 1955). 
less than twice its width. Depth into TL 5.6-6.4. Eats TSS £ ace . 

. The pygmy whitefish is widely distributed in Lake 
Head length into TL 4.9-5.5. Snout bluntly rounded S . 

. A uperior, at least from the Apostle Islands east to 
and overhanging the ventral mouth. A single skin 4 ft 

« s Whitefish Bay (about 470 km) and north to Isle Roy- 
flap between the nostrils. Maxillary extends to ante- : ap A 

. : : ale. In the Great Lakes basin the pygmy whitefish is 
rior edge of eye or as far as center of eye; upper jaw known only from Lake Superior, where it is rare (Todd 

length into head length 3.1-3.4. Lower jaw length Oey aS RE PSuo : 1978). 
into head length 2.3-2.6. Teeth absent except on . 
ti feeds It seeks out the coldest of waters. In Lake Superior 
ongue. Eye large, its diam greater than snout length. . neogaag ray 

; ’ . no seasonal changes appear in depth distribution 
Gill rakers 16-20; raker length into head length 11- . : 

. : : (Dryer 1966). The all-season bathymetric range in 
15. Scales in lateral line 56-66 (55-70); scales around 2 

. «igs southern Keweenaw Bay extends from 18 to 90 m, 
body anterior to dorsal and pelvic fins 33-37 (31-40); ae 

‘ but the pygmy whitefish is most abundant at the 
scales around caudal peduncle 18-20 (16). Dorsal fin 46-71 mint 1 

rays 11-13 (10-14); anal fin rays 13 (12-14); pelvic Te DESY a 
fin rays 9-10 (11). Pelvic fin length into dis- 

tance from pelvic origin to anal origin 1.3-1.7. Py- BIOLOGY 
loric caeca 15-23. Chromosomes 2n = 82 (Booke 1968). Spawning in Lake Superior occurs during November 

Pale tan to brownish on back grading to whitish or December. In the Apostle Islands from 17-20 No- 
below. Along lateral line, 8-11 almost circular parr vember 1961, spawning and spent pygmy whitefish 
marks, becoming indistinct in large adults. Back with were trawled at depths of 31-46 m (M. Bailey, pers. 
12-14 dark spots. comm.). Eschmeyer and Bailey (1955) captured young 

Sexual dimorphism: Female deeper and broader; fish in the relatively shallow water (24-33 m) of 
male with longer rayed fins. Breeding tubercles on Keweenaw Bay, Michigan. 
top of head, on scales of back and sides, and on All male pygmy whitefish of age-group II or older 
paired fins in both sexes, but more conspicuous in in collections from Keweenaw Bay and Siskiwit Bay 

males. (Isle Royale) were sexually mature. A few age-I males 

Hybrid: Pygmy whitefish = round whitefish (7%) from Keweenaw Bay also were mature. The age 
(Eschmeyer and Bailey 1955). at which 50% or more of the females were mature 

was 3 years (Eschmeyer and Bailey 1955). 

SYSTEMATIC NOTES Maturing eggs were counted in the ovaries of 63 
The pygmy whitefish is regarded as an early offshoot pygmy whitefish collected in Lake Superior in 1953. 
from the ancestral Prosopium, and has evolved char- Egg production averaged 362 (93-597) (Eschmeyer



370 Trout Family—Salmonidae 

; ——F oO a oO a |... oo ob poy | gage pe eer) 
Ne | | a ¥ Roe 

Whe “ae | Moe! OA SD 
4 ne A ELS . | | [Pit 

| ree PLU yO / 4 Werke ioe 
lf NN FE Lae | TA AY LORI IO ae ee POR ee : LIE GR LL) HARA ane a | +— phe es 

: Soe s ange are Zope . Adel’ Nghe ee) ee JSS, 4 \ \ 4S te PREY 

ER ee eo Ly EN A tee PRX IIS, | OKI Gait RN se EBs TS RE Bas SY jes AS iy SRNL AIG® i ee Pe {ORR Le WY Oe . (3 OE SUE ESE aN J ae OERT JES HP GOS eps 7h, WOES /4 an ff 2 von Ay [ Ne VN Le We AS ee = ‘s > ; eeSrs_ 

A EN OB LTE LU DENS REST ! 
ety Re | eer SH Cs “ : 

f OTL BAIR RNY] le 2 AP I 

a? AYES A PSE ORY | 
OUND tae Sle Rae te bs 2 | 

‘ Ad! ee CPU AY es So ys = = Wie dis lar EAS za fs Loy | 
Qc 7A REG Cad YOY | 

srenosse POL? 4 > a of hep TAN seo | 

RA NT 
3 & a EE 4 yw Se “h] «| 

~~ Seat oan a is WINS S : Zhe WY BS el | < | 

a _ SAIS Se eR 
| : Jt Par Ss SITAR, XN Ins SS - [a | Range of the pygmy whitefish 

[resentment | AGS RIE ES] || Sezione cxamined 
and Bailey 1955). The eggs are orange in color, 2.57 Booke (1970) noted that large-egg coregonines 
+ 0.03 mm diam (Booke 1970). spawn earlier than those with small eggs. From the 
Female pygmy whitefish spawn in consecutive information available, it appears that in Montana the 

years. Mature ripe eggs are present in the abdominal large-egg mountain whitefish spawns about a month 
cavity while smaller eggs, 1 mm diam, are develop- earlier than the small-egg pygmy whitefish (Weisel et 
ing in the ovaries (Weisel et al. 1973). al. 1973). Applying this to Wisconsin, we would an- 

In the Northwest this lacustrine species moves ticipate that the spawning period for the round 
from deep water to the mouths of inlet rivers, where whitefish should occur before the known spawn- 
spawning occurs. Spawning takes place generally in ing period (November to December) of the pygmy 
November and December, although Kendall (1921) whitefish. 
found this species in a spawning run in Alaska in Growth of young-of-year pygmy whitefish in Lake 
August. A late spawning was reported during the 26 Superior is rapid. By 5 September average length is 
December to 12 January period in Ross Creek, Mon- 31 mm; 30 September, 35-49 mm; 21 October, 47-51 
tana (Weisel and Dillon 1954). mm (Eschmeyer and Bailey 1955). After this period, 

In Flathead Lake, Montana, pygmy whitefish males growth rates are slow: the two oldest fish from Ke- 
predominated during the early part of the spawning weenaw Bay, both nearing the end of their eighth 
period at a ratio of 6.7:1. Of the age-I males, 74.5% growing season, were only 137 mm (5.4 in) long at 
were sexually mature and all males age II or older the time of collection. Also, the average length of fish 
were mature. The percentage of maturity of the fe- increased progressively with water depth, chiefly be- 
males was 27.8 at age I, 90.2 at age II, and 100 for cause the number of yearlings decreased from 100% 
older fish (Weisel et al. 1973). Four large spawners at 18-26 m to none at 82-90 m. 
from Bull Lake had from 1,027 to 1,136 eggs. According to Eschmeyer and Bailey, the average
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calculated TL mm for females (males in parentheses) made up 9% of the food; adult insects were present 
at the end of each year of life is: 1—46 (49); 2—69 (71); in 20% of the stomachs, but represented only 1% of 

3—88 (87); 4-107 (98); 5-117 (106); 6—123; 7—130. the volume. Larval clams (Sphaeriidae) occurred in 

Females generally average longer and heavier at cap- 20% of the stomachs, making up 3% of volume. Fish 
ture than do males of the same age. The percentage eggs, presumably coregonine, were taken from May 
of males in the population decreases with age. In the and January collections; when available, they may be 
populations studied males made up 51% of the fish important in the diet of this species. Small quantities 
in age groups I and II, 45% of those in age groups III of organic detritus and sand grains were present in a 
and IV, and only 31% of those in age groups V-VII. few of the fish examined. 
Only females appear in age groups VI and VII. This A December collection of spawning pygmy white- 
trend is reflected in the average ages of the sexes: 2.4 fish from Ross Creek (Montana) demonstrated that 
years for males, and 2.9 years for females. these fish feed actively during their spawning period 
Pygmy whitefish from the Apostle Islands grow (Weisel et al. 1973). Fish eggs, laid by fellow spawn- 

more rapidly than the Siskiwit or Keweenaw Bay ers, were the most frequently ingested food and 
populations. Calculated lengths (mm) of a gill net made up by far the greatest volume. Chironomids, 
collection of females from the Apostle Islands at the however, were still taken in numbers, along with a 
end of each year of life were: 1—44; 2—68; 3—98; few other insects. 

4—117; 5—129; 6—139; 7—144. A large female 153 In Lake Superior the most common associates of 

mm TL (UWSP 2718) was taken in the vicinity of the pygmy whitefish are the cottid species, Cottus 
Stockton Island (Ashland County) at 62 m on 29 May cognatus and Myoxocephalus thompsoni. The ninespine 
1962. Scott and Crossman (1973) noted that in Ma- stickleback is next in importance, followed by the 
clure Lake, British Columbia, females of this species smelt, lake herring, deepwater ciscoes, lake trout, and 

lived longer than in other waters; attaining an age of trout-perch (Eschmeyer and Bailey 1955). M. Bailey 
9 years and a fork length of 271 mm (10.7 in), whereas (pers. comm.) also lists the spoonhead sculpin as a 
males reached 6 years of age and a fork length of 225 common associate of the pygmy whitefish. 
mm (8.8 in). 

In Lake Superior pygmy whitefish, crustacea oc- IMPORTANCE AND MANAGEMENT 
curred in 95% of the stomachs and composed 77% of Wherever the pygmy whitefish comes to the surface 
the food volume (Eschmeyer and Bailey 1955); ostra- during the spawning period it is vulnerable to preda- 
cods and amphipods (principally or entirely Pontopor- tors. It has been caught by kingfishers in Washington 
eia) were the chief components. Copepods were in and by terns in Alaska (Scott and Crossman 1973). 
26% of the stomachs, but were usually incidental in Because of its small size and deepwater habitat in 
the diet of fish more than 89 mm (3.5 in) long. Cla- Lake Superior, it is most likely utilized by the lake 
docera (presumably Daphnia) and Mysis were unim- trout, which were present in 57% of the hauls that 
portant items. Insects (principally larval and pupal took pygmy whitefish, and by burbot (18% of the 
chironomids) appeared in 62% of the stomachs and hauls) (Eschmeyer and Bailey 1955).
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Round Whitefish SYSTEMATIC NOTES 
The round whitefish has diverged somewhat more 
recently than the pygmy whitefish from an ancestral 

Prosopium cylindraceum (Pallas). Prosopium—a mask, Prosopium (Norden 1970). Its evolution has been char- 

from the large bones in front of the eyes; cylin- acterized by a shortening of head, snout, maxillary 

draceum—cylinderlike. and gill rakers. It has evolved the greatest number of 
Other common names: the pilot, pilot fish, frost fish, lateral line scales and a high number of pyloric caeca. 

Menominee, Menominee whitefish, cross white- The round whitefish has the widest geographical dis- 

fish, lake minnow. tribution of any species in the genus. 

DISTRIBUTION, STATUS, AND HABITAT 
The round whitefish ranges widely through northern 

2 oe North America and into northeastern Asia. It is 

Bon aed ; known from all of the Great Lakes except Lake Erie. 
5 In Wisconsin waters it occurs in Lake Michigan, prin- 

cipally between Sheboygan and the tip of Door 

Subadult 255 mm, North Bay, L. Michigan (Door Co.), 23 June County, and in Lake Superior, where it is known to 
1977 enter the lower reaches of the Brule, Amnicon, and 

Middle rivers of Douglas County. 
DESCRIPTION The round whitefish is endangered in Lake On- 
Body elongate, almost round in cross section. Aver- tario and rare in Lake Huron (Todd 1978). Although 
age length 368 mm (14.5 in) in Lake Michigan. Depth it is considered common in Lakes Michigan and Su- 
into TL about 5. Head length into TL 4.9-5.6. Snout perior, the stocks of this species appear to be declin- 
pointed and compressed laterally, rounded in lateral ing in both lakes. In the Muskegon and Grand Haven 
view and overhanging the ventral mouth. A single areas of southeastern Lake Michigan, where the 
skin flap between the nostrils. Maxillary extends al- catch was 6,000 kg in 1929, the species has been seen 
most to anterior edge of eye in adults; upper jaw only rarely since the late 1940s. The reasons for the 
length into head length 3.9—4.8. Lower jaw length apparent decrease are obscure (Wells and McLain 
into head length 2.7-3.1. Teeth absent except on 1973). Koelz (1929) gives only sporadic records of the 
tongue. Eye moderate, its diam less than snout length. round whitefish in southern Lake Michigan, al- 
Gill rakers 16-18 (15-20); raker length into head length though Hoy (1883) reported it spawning near Racine 
20-27. Scales in lateral line 83-96 (80-100); scales many years ago. In the Illinois waters of Lake Michi- 

around body anterior to dorsal and pelvic fins 42-46 gan it is probably extirpated (Lopinot and Smith 
(40-47); scales around caudal peduncle 22-24. Dor- 1973). 

sal fin rays 14-15 (13); anal fin rays 9-11; pelvic fin The round whitefish is essentially a shallow water 
rays 14-15 (13). Pelvic fin length into distance from form. In Lake Superior it is most abundant at less 

pelvic origin to anal origin 1.7-2.5. Pyloric caeca 87- than 37 m, and none are taken at depths greater than 
117. Chromosomes 2n = 78 (Booke 1968). 71 m (Dryer 1966). In northern Lake Michigan it is 

Color in life, silvery; dorsally dark brown to most common at 7-22 m, occasionally at depths to 
bronze, tinged with green. Scales of back margined 59 m. 
with pigmented borders. Sides brownish. Basal half 
of the paired fins, and often the anal fin, orange. BIOLOGY 

Young (under 200 mm) silvery, with 2 or more longi- Spawning occurs in November and early December. 
tudinal rows of dark spots (2-4 mm diam) on sides, During spawning there is a decided inshore move- 
a row of 10 or more spots along the lateral line, and ment of this species to shallower waters. In Lake 
a series of 10 or more spots just below the midline of Michigan the eggs are laid over honeycomb rock and 
the back which may fuse with additional spots across gravel in 4-11 m of water. Hoy (1883) noted spawn- 
the back. ing about the first of December in 27 m of water “just 

Breeding tubercles well developed on males, less outside the stony ridge north of Racine.” 
so on females, located 1 per scale on sides, none on In Lake Superior spawning occurs in the mouths 
head. of rivers, on bottoms of boulders and gravel near 

Hybrids: Round whitefish x pygmy whitefish. Ar- shore, at depths of 4-11 m (Eddy and Underhill 
tificial round whitefish x lake herring, and round 1974). Concentrations have been noted in the Brule, 

whitefish x lake whitefish (Schwartz 1972). Amnicon, and Middle rivers of Wisconsin’s south



Round Whitefish 373 

ee 1 sone {f* e | Sf Vsureri or 

SN <p Aap od | 

pele Rein BR TRAN Sh “4 he BS e. 

ERE BUTS FO in TERN RI To TAR eM Co Wi Perr aoe 
| CRT pened PD SESS NRT. Ae AIS YN ESTES TARY 

; ae ED hidpearie ‘i ie {re ei er Yh LOA le th 

7 SSAA [NE SPT BERRY See XxX! ee NS 

IBD CG UO) EOL /8 Sea 
BUTI, PRN Oe ee bye /y" eos a 
PTS RN PRE CNR SAL AIRE Cet Ay PN ca 

KARUN IST | ~ 
XS TASK BAKO We Py Aaa ¥ bc es] ot A 

2 y 4 TAS TIS RCN Me a J pap : 
nO h& Cl PERN YE at by SUF? xb ha 

5 Vy L 4 ~S : af Zones Wb BAGS & 

| RAS EROS AAS AT ROP ZED SY eS 
| si ig ie FA \ Nae Paes Pe ae ‘ y | 

WO PRESS EV ORLY | sseaanse on me we he DA GE Tb aeceomen | 
(ACES al as, avi SS EN 

YY OE AT A ETN SAD os | 
x vt o AE AE MA I BN | 

res i" Sey. \A A SY ay Veen 5 | 
pa GL TNO ATS} , Vie Wy ot 7 | 

pA AES RE a? {aro r | | eg ) Re im Y ope AS » |_| Range of the round whitefish 

| | AWS ie (x \ y Ip COE | @ Specimens examined 
vale 4 v7 c Aoi : bE tah Dh ! | © Literature and reports 

Prosopium cylindraceum Lest bck. PAs er ele Tt AON | O Greene (1935) 

shore; in the Two Hearted River of Upper Michigan ina single group at any one time. Even these fish seemed 

(McLain et al. 1965); in the Devil Track, Cascade, and to be paired [p. 11]. 

French rivers of the north shore of Lake Superior Peak of hatching occurred during the last week of the 
(Eddy and Underhill 1974); and over the spawning following April, approximately 140 days from the 

beds of lake trout in the Montreal and Dog rivers of time of fertilization, at a water temperature of 2.2°C 
eastern Lake Superior (Loftus 1958). According to M. (36°F). Upon hatching the fry remained on the bot- 

Bailey (pers. comm.), the last was probably not a tom, but when disturbed could be seen swimming 
spawning run since it occurred before the spawning vigorously as they sought shelter in the rubble and 
period. . . beneath larger rocks. On 4 and 5 May, several round 

In Newfound Lake, New Hampshire, spawning whitefish fry were collected from the spawning reef, 
occurred during the first three weeks of December and one was taken on 11 May, the last in a number of 

over a large, shallow, rocky reef between 0.40 and 0.8 unsuccessful searches. 

hectares (1-2 acres) in area (Normandeau 1969). Eggs In Lake Superior average egg production in 36 
were deposited at depths of just a few centimeters to round whitefish females was 5,330 (1,076-11,888) 

2 or more meters, at water temperatures of 4.4-2.8°C Bailey 1963). Brice (1898) noted 12,000 eggs in a 795- 
(40-37°F): g (28 oz) fish. The eggs are orange in color, 3.5 + 

Whitefish did not congregate into large groups, instead 0.03 mm. diam (Booke 1970). ‘ ‘ 

were observed swimming in pairs. Occasionally groups of . Round whitefish were 12.3 mm at hatching. Hin 
4 to 6 fish were seen in areas which apparently presented richs (1977, 1979) noted that the oil droplets in the 

suitable spawning habitats. However, of the approximately yolk-sac never unite during the developmental pe- 
1,000 whitefish that were observed on this reef and along riod; this is the only coregonid studied in which the 

the nearby shore, no more than six to eight fish were seen droplets do not unite. A detailed description of the
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2. — mm are mature (Mraz 1964a). The majority of the 

§- uNE es males (95.2%) and females (85.7%) reach sexual ma- 

Sa turity at age IIL. 
_ = ae Lake Superior round whitefish mature when they 

are as small as 178-188 mm, the youngest in age- 
group II. All fish larger than 328 mm are mature. All 
males older than age IV and females older than age 
V are mature. 

An age-IX fish, 452 mm (17.8 in) TL, weighing 794 
g (28 oz), came from Isle Royale (Bailey 1963). In 

& , elites scsoceltieenecy, asl Song, Green Bay, Lake Michigan off Peninsula Point, Michi- 

ao, a i gan, a 546-mm, 1.93-kg (21.5-in, 41b 4-0) fish 8 years 
Bae Std noite ie gean sete old was taken in a trap net on 1 August 1956 (Mich. 

BE cesaunewecigig, ga Dep. Nat. Resour. 1975). The maximum age reported 
for this species is 14 years (Van Oosten 1932). 

The round whitefish appears to be an opportunis- 
tic bottom feeder, ingesting small benthic inverte- 
brates almost exclusively (Armstrong et al. 1977). In 

a GL eastern Lake Michigan, snails (primarily Physa sp.) 
Ma = aa and midge larvae were found to be the organisms 

Cc EOE most frequently eaten by round whitefish in all sea- 
IQS Q =, sons. Leeches and fish were seasonally important. 

During the summer, crayfish occurred in 14% of the 
Preserved round whitefish larva, Newfound L., New Hampshire. stomachs, and one stomach taken in spring con- 
Dorsal view (top), lateral view (middle), ventral view (bottom). tained several rainbow smelt, the only incidence of 

12.7 mm TL; pre-anal myomeres, 35; post-anal myomeres, 13 fish: predation'observed 

(Faber 1970:495). PI : 
According to Koelz (1929), the round whitefish is 

early development of the round whitefish is pro- charged with the destruction of trout spawn by vir- 
vided by Hinrichs (1979). tually every fisherman who is familiar with it. This 

Calculated total lengths and weights for year classes accusation is supported by Loftus (1958) who noted 
of round whitefish off the Sturgeon Bay Canal, Lake that round whitefish were found in numbers over the 

Michigan, were: 1—117 mm, 11 g; 2—229 mm, 74 g; spawning beds of lake trout in the Montreal and Dog 
3—312 mm, 210 g; 4—363 mm, 341 g; 5—396 mm, rivers, where they empty into eastern Lake Superior. 
457 g; 6—427 mm, 582 g; 7—455 mm, 719 g; and 8— Stomachs of whitefish examined from the Montreal 
480 mm, 861 g. Mraz (1964a) noted that the females River contained as many as 150 lake trout eggs. How- 
were heavier than the males by 2.8-22.7 g at all weight ever, M. Bailey (pers. comm.) noted contrary evi- 
interval studies. In the Apostle Islands (Lake Supe- dence in examination of many round whitefish and 
rior), the calculated total lengths and weights were: longnose suckers taken during the spawning run for 
1—117 mm, 11g; 2—183 mm, 43 g; 3—231 mm, 88 g; lake trout on the reefs in Lake Superior: he found 
4—274 mm, 153 g; 5—307 mm, 224 g; 6—333 mm, few, if any, trout eggs in their stomachs. 
287 g; 7—356 mm, 358 g; 8—376 mm, 426 g; and 9— In Newfound Lake, New Hampshire, most of the 
394 mm, 494 g (Bailey 1963). The data show that round stomachs of more than 200 round whitefish exam- 
whitefish from northwestern Lake Michigan had a ined during spawning were empty. Prior to the onset 
decided advantage over the Lake Superior stock in of spawning, stomachs were usually filled with 
both length and weight in every year of life beyond Daphnia pulex (Normandeau 1969). 
the first. The weights of Lake Michigan fish at the It is generally believed that the round whitefish 
end of 7 and 8 years were twice the corresponding moves in schools along the shores, seldom into deep 
weights for the Apostle Islands stock. water. Unlike the lake whitefish, this species will not 

Lake Michigan whitefish mature between 305 and follow a lead readily and is rarely taken in pound or 
381 mm. The smallest mature males are 305-315 mm trap nets, but it is vulnerable to gill nets of 64-76 mm 
and the smallest mature females are 330-340 mm (2.5-3 in) mesh. Lake herring and perch are often 
long. All males over 366 mm and all females over 378 taken with it (Koelz 1929).
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The movement of the round whitefish follows a sidered excellent and highly palatable. As a food fish 
yearly cycle, which has been summarized for Lake for man it has never come into its own. It offers a 
Huron by Koelz (1929:552): limited fishery. Small catches are often sold as part of 

... Thus all the records indicate that the pilot begin to the shipments of other species, usually lake white- 

move inshore in numbers on honeycomb rock and gravel fish. This marketing procedure may: contribute 6 a 
about the middle of October, and that they remain there low estimate of round whitefish production, since 
until the nets are pulled in (for the winter). Since few gill “odd poundages” are not always listed by fishermen 

nets of a mesh suitable for pilot are set in the spring, not on their reports (Bailey 1963). Moreover, the 114-mm 

much is known about the offshore movement. The depth (4.5-in) mesh used for taking lake whitefish is too large 
to which the fish migrate in summer is certainly not over 30 for round whitefish. 

fathoms and probably not over 20. Wells and McLain (1973:44) provided a summary of 
Although normally a lake species, the round round whitefish production for Lake Michigan: 

whitefish will move considerable distances against Production of round whitefish was highest in the earliest 
strong currents during the spawning run. Loftus years of record, 1893 and 1899—423,000 and 519,000 Ib re- 
(1958) noted that in eastern Lake Superior it had spectively. The annual catch averaged 106,000 Ib in 1903-70. 
moved 3.2 km (2 mi) up the Dog River and had ne- Although changes in production of round whitefish in 
gotiated several steep rapids. Lake Michigan may not indicate abundance trends accu- 

rately, it is perhaps safe to speculate that the stocks have 
declined somewhat. Production in the late 1800s was con- 

IMPORTANCE AND MANAGEMENT siderably higher than that after 1900, and included (about 
The round whitefish is a source ‘of food’ for other 1885) catches of round whitefish “weighing 4 to 6 pounds 

fishes. In Newfound Lake, New Hampshire, at the each." . .Fewapproach.thatsizetoday. 
onset of the whitefish spawning run, there was a In 1973, 5,839 kg (12,873 Ib) were harvested in Lake 
general increase in the activity of other fish species; Michigan; in 1974 the 4,280-kg (9,437-Ib) harvest was 
among these were the white sucker, yellow perch, worth $4,665. The round whitefish is not sought ex- 
burbot, brown bullhead, and Atlantic salmon. Nor- tensively by commercial fishermen because of its low 
mandeau (1969) noted that the stomachs of white market value. Lake Michigan waters along Door 
suckers were often full of whitefish eggs. Yellow County, Wisconsin, account for 99% of the catch (Wis. 
perch, burbot, and brown bullheads also fed on the Dep. Nat. Resour. 1976c). 
eggs, and on many occasions were seen swimming In Lake Superior production generally has been 
between the smaller rocks and crevices in search of small. The catch in United States waters of the lake 
food. Also, the stomachs of two Atlantic salmon were averaged 12,065 kg in 1920-1959. The mean landings 
found to contain over 200 round whitefish fry. The for the states were: Michigan, 6,670 kg; Wisconsin, 
stomach of one pickerel yielded the remains of a 4,265 kg; Minnesota, 1,680 kg (Bailey 1963). The Wis- 
round whitefish 254 mm (10 in) long. consin harvest in 1974 was 5,895 kg (12,995 Ib) worth 

Generally, the flesh of the round whitefish is con- $3,575 (Wis. Dep. Nat. Resour. 1976c).





Smelt Family— 
Osmeridae 

One species of smelt occurs in Wisconsin waters, introduced from 

Michigan when that state brought in smelt to provide food for salmon 
that were being stocked at the same time. The salmon perished, but the 
smelt prospered. The smelt family is essentially a marine family, and in 
the United States and Canada it includes nine species in six genera (Robins 
et al. 1980). All are Arctic or North Temperate. 

The smelts are small, slender, silvery predacious fishes with thin, elon- 

gated bodies and large mouths. Teeth are either well developed or 
weakly developed on the jaws, the tongue, and the roof of the mouth. 

The scales are thin and cycloid. An adipose fin is present, but a pelvic 
axillary process is absent. 
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Rainbow Smelt system in 1968 (M. Bailey, pers. comm.). The origin 
of the Lake Lucerne population is not known (A. 
Oehmcke, pers. comm.). 

Osmerus mordax (Mitchill). Osmerus—Greek for odor- The rainbow smelt is an escape into Wisconsin wa- 
ous; mordax—biting. ters. The seed stock, which came originally from 

Other common names: smelt, American smelt, fresh- Green Lake, Maine, contained a native freshwater 
water smelt, frost fish, ice fish. race of the marine species common along the North 

Atlantic coast. Attempts to introduce this species in 
the upper Great Lakes go back to 1906, but it is gen- 
erally accepted that the present strain spread from 

Ze the 1912 stocking of 16.4 million smelt in Crystal Lake 
— ~< (Benzie County), Michigan. The rainbow smelt was 

| ss es first taken in Lake Michigan off the east shore near 
it < es Frankfort, Michigan, in 1923 (Van Oosten 1936); by 

es 1924 it had crossed the lake to Big Bay de Noc, an 
arm of Green Bay. It was first observed in Wisconsin 
waters in 1928 when a few were caught in gill nets 

Adult male 155 mm, L. Superior, Ashland (Ashland Co.), 29 Apr. near Little Sturgeon Bay (Door County). In 1929 a 

1971 few smelt were taken in Lake Michigan off Gill’s Rock 
and the Sturgeon Bay Canal. By 1930 it had reached 

DESCRIPTION Manitowoc, Port Washington, and Racine, and in 

Body slender, slightly compressed laterally. Average 1931 it reached Kenosha, Wisconsin, and Michigan 
length 178 mm (7 in) TL. Depth into TL 7.2 (6.5-8.0). City, Indiana. 

Head into TL 4.9 (4.6-5.4). Snout elongate and In Lake Superior the rainbow smelt appeared first 
pointed. Mouth large, lower jaw protruding; maxil- at Whitefish Bay, at the eastern end of the lake, in 
lary extending to middle of eye or beyond. Teeth on 1930; it appeared in Keweenaw Bay in 1936, and 
upper and lower jaws, and on tongue and front of probably reached the Wisconsin waters of Lake Su- 
vomer where teeth are especially enlarged. Gill rak- perior in the late 1930s. 
ers long and slender 26-35. Branchiostegal rays 5-7. The rainbow smelt is common in lakes Superior 
Scales cycloid; lateral scales 62-72, lateral line incom- and Michigan and is occasionally taken in large tribu- 
plete. Dorsal fin rays 8-11; anal fin rays 12-16; pec- tary streams. 

toral fin rays 11-14; pelvic fin rays 8. Pyloric caeca In the Great Lakes, rainbow smelt inhabit waters 

4-8. 14-64 m deep and are most abundant in the 18-26 m 
Breeding tubercles extensively developed on head, zone. Occasionally they occur in small numbers to 91 

body, and fins of males; seldom on females. m. The adults move inshore and congregate in dense 
Silvery; dorsal half of head and body steel blue, schools in April, and, when spawning, some may 

with sides lighter and belly white. A faint lateral move short distances up tributary streams. 
stripe present in some large individuals. Fins gener- 
ally clear. BIOLOGY 

The spawning season (late March through early May) 
DISTRIBUTION, STATUS, AND HABITAT normally lasts about 2 weeks, but climatic conditions 
Although essentially a marine species with primary such as cold rains and cold nights may extend it to a 
distribution along Canadian coastal waters, the rain- month (Daly and Wiegert 1958). Because of temper- 
bow smelt has intruded into fresh waters of the ature differences between northern and southern 
northeastern states and into the Great Lakes. It oc- Wisconsin waters the start of the spawning run may 
curs in all major drainage systems in Wisconsin. In vary as much as 3 weeks between southern Lake 
the Lake Superior basin it inhabits the lake proper Michigan and Lake Superior to the north. The run in 
and its tributaries; in the Lake Michigan basin, the southern Green Bay is normally a week to 10 days 
lake proper, its tributaries, and Lake Lucerne (Forest later than the run in northern Lake Michigan because 
County). In the Mississippi basin its presence has the bay freezes over in winter and therefore warms 
been established in Diamond, Sand Bar, and Toma- up later. 
hawk lakes (all within Bayfield County), and in Fence Spawning is initiated when the water temperature 
Lake and adjacent streams (Vilas County). The smelt reaches 4.4°C (40°F) or higher—shortly after the ice 

was introduced “inadvertently” into the Fence Lake breaks up and moves out. At this time the bulk of
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the spawners migrate up streams to distances of 0.8— ers are found in the streams the following day. Those 
1.6 km (0.5-1.0 mi) above the stream mouths. In the fish that remain are almost all males and, since the 
Lake Superior basin, however, some migrations oc- species is light sensitive, they seek darkness under 
cur at greater distances: 13 km (8.0 mi) in the Brule banks and bridges. 
River, 16 km (10 mi) in the Nemadji River, and 24 km In 1967, spawning occurred in late April in Lake 
(15 mi) in both the White and Bad rivers. The smelt Lucerne (Forest County) when rainbow smelt up to 
also spawn on gravel deltas in lakes; such shore 183 mm (7.2 in) TL massed by the thousands in the 
spawning generally occurs in less than 0.6 m (2 ft) of shallows shortly after dark. The fish were so numer- 
water (Rupp 1965). ous that they bumped up against the legs of the 

The male assumes a position slightly anterior and seiners. The water temperature was 6.7°C (44°F). 
slightly dorsal to the female in spawning and vio- Smelt eggs sink to the bottom immediately after 
lently drives the female to the bottom or shoreward they are released, and become attached to the sub- 
(Hoover 1936b). Spawning begins when males pre- strate by a short pedicel (stalk) formed from the outer 
dominate over females 4 to 1, and increases later in shell membrane (Rupp 1965). In rainbow smelt from 
the season when the sexes become more equal in western Lake Superior the eggs averaged 0.86 mm 
numbers. The female never deposits more than 50 diam (Bailey 1964), and the average number of eggs 
eggs at one time, no matter how violently she is for smelt 185-224 mm (7.3-8.8 in) long was 31,338 
thrown. Many females returning to the lake contain (21,534—40,894). When the eggs absorb water after 
eggs, and it is probable that some enter the spawning fertilization, egg size increases to 0.9-1.3 mm diam 
runs several times. Spawning takes place principally (Van Oosten 1940). 
during the night. Afterward many of the fish drift Development takes about 20-30 days at normal 
back to the lake with the current and seek out deep water temperatures and 10 days at 15.6°C (60°F) 
water. As a rule, relatively few of each night’s spawn- (Webster 1942). Schneberger (1937a) found develop-



Rainbow Smelt 381 

ing embryos in 74% of the eggs examined from The peak feeding temperature of this species is 
spawning grounds in Green Bay. Mortality may be 10°C (50°F). Full-grown rainbow smelt in the Great 
great, however, and Rupp (1965) noted mean sur- Lakes continue to subsist principally on the larger 

vival-to-hatching of 0.03-2.10% for shore-spawning crustaceans. In the inshore waters they may con- 
smelt. : sume large numbers of fishes. During the spawning 

The newly hatched fry are 5.5-6.0 mm long, very season smelt, especially the females, virtually stop 
delicate, and transparent. Soon after hatching the fry feeding. 
are carried downstream by the current, and no doubt When 198 smelt from northern Lake Michigan and 
many die within a short time (Van Oosten 1940). Fry northern Lake Huron were examined, many of their 
from St. Louis Bay, Lake Superior, absorbed their stomachs were gorged with opossum shrimp (Mysis 
yolk-sacs before they reached a length of 7 mm (Sie- relicta). Thirty-nine (20%) had eaten young-of-year 
fert 1972). Cyclops bicuspidatus, copepod nauplii, dia- alewives. The only other fish found in smelt stom- 
toms, and nonmotile green algae were found in achs were a 68-mm young-of-year smelt and a 60-mm 
digestive tracts of first-feeding smelt. ninespine stickleback. O’Gorman (1974) noted that 
Rainbow smelt can be aged by reading character- large smelt commonly prey on young alewives dur- 

istic annuli on scales. The calculated growth of a ing the fall when the two species occupy the same 
small sample (UWSP 1844) from Lake Michigan at depth zones. He surmised that the quantity of young 
Sheboygan was: 1—82 mm; 2—127 mm; 3—180 mm. alewives consumed by smelt may represent an im- 
Excellent growth occurred in Green Bay (Van Oosten portant part of the alewife’s total mortality during its 
1940): II—254 mm; IV—305 mm; V—356 mm (ap- first year of life. 
prox. 227 g). In comparing the growth of rainbow Rainbow smelt in Lake Superior (King and Swan- 
smelt from Green Bay with those taken from Crystal son 1975) showed the following food preferences 
Lake, Michigan (Creaser 1925), Schneberger (1937a) (occurrence percent): Mysis relicta (70.1%), Pontopo- 
found that the Green Bay smelt grew at a faster rate, reia affinis (21.2%), copepods (3.5%), fish (3.3%). Of 
averaging 356 mm (14 in) at age V, compared to the identifiable fish there were six sculpins, five 
274-305 mm (10.8-12 in) at age V in Crystal Lake. ninespine sticklebacks, and one young-of-year smelt, 

The calculated total lengths and weights at the end all ranging in size from 12 to 84 mm (0.5 to 3.3 in). 
of each year of life for smelt from western Lake Su- Additional contents were midgefly adults and lar- 
perior (Bailey 1964) were: vae, ephemeropterans, unknown terrestrial insects, 

corixids, plecopterans, cladocerans, and an un- 
1 2 3 4 5 6 7 known invertebrate larva. 

Males Van Oosten (1940) noted that this species is highly 
TL (raim) 66: 1506183. 20318 cannibalistic, and that after attaining a length of 152 

WT (g) 1.7 204° «41.5 55.7 64.2 a es . 
renales mm (6 in) it may turn to eating fishes, mostly its own 

TL (mm) 66 150 193 221 239 257 310 kind. The following varieties of fish have been found 
WT ig) 17 204 446 64.2 80.7 93.7 108.5 and identified in smelt stomachs: smelt (most com- 

mon), emerald shiner, yellow perch (not common), 

In spite of certain variations with age and possible sculpin (Cottus—in Green Bay smelt), burbot (from 5 
annual differences, it appears that annulus formation Green Bay smelt), rock bass (not common), core- 
begins near mid-June and is completed about the gonid (lake herring?—one specimen from Lake 
middle of August. Younger smelt form annuli earlier Michigan), and stickleback. Smelt eggs were also 
than do the older fish (Bailey 1964). found. In Crystal Lake, Michigan, 147 rainbow smelt 

In Lake Superior all rainbow smelt shorter than 127 fed almost entirely (98%) on emerald shiners; the re- 
mm (5.0 in) are immature; all fish longer than 170 maining food consisted of chironomid and mayfly 
mm (6.7 in) are mature. All smelt are immature after larvae and pupae (Creaser 1925). 
only one growing season, but they are all mature In Lake Michigan the rainbow smelt move in in- 
after three or more growing seasons. Among age-II creasing numbers from pelagic to a bottom existence 
fish, 40.7% of the males and 17.7% of the females had as they grow older (Wells 1968). Age-0 fish live in the 
reached maturity. Bailey determined the sex of ma- upper levels until the fall or very late summer, when 
ture smelt by gross inspection of the gonads, but im- at least some move to the bottom. Age-I fish may be 
mature fish of age-group II required microscopic ex- either at midlevels (commonly in the thermocline) or 
amination. Sex could not be determined with con- on the bottom. Age-II fish and older are mostly on 
fidence for smelt of age-group 0 or of age-group I until the bottom. 
near the end of the second growing season. Adult smelt on the bottom occupy shallow and in-



382 Smelt Family—Osmeridae 

termediate depths in southeastern Lake Michigan. corn meal, or cracker meal and fried in plenty of oil, 

They have been observed widely scattered from 13 to until golden brown. Baked smelt is also a treat for 
64 m on 13 February, but by 11 March had abandoned those with fastidious tastes. Van Oosten (1940) in- 
the deeper water (Wells 1968). Most older smelt move cluded a recipe for pickled smelt which purportedly 
into shallow spawning areas by 15 April, and on 5 makes a very palatable appetizer. In the spring smelt 
May they appear at depths of 5-18 m. By 26 May can be bought fresh; during the remainder of the year 
they extend their range to 36 m. At this time they an excellent frozen product is available. 
avoid the warm water near shore. Dipping and seining for the small, silvery fishes 

In northern Lake Michigan, where the smelt are far during their spawning migration has become a way 
more abundant than in the southeastern portion of of life for men, women, and children (Stevens Point 

the lake, adult smelt extend their summer range to Daily Journal 28 April 1977): 
46-64 m, and occasionally in small numbers to 91 m, Ki ‘ : 

ings and queens were once crowned in their honor, 
although the greatest numbers are at 27 m (usually complete with speeches, fireworks and parades. 

the shallowest water fished). People came hundreds of miles to celebrate their arrival, 
In Lake Superior, most of the ago-0 and age-I smelt and grown men, fully clothed, jumped into the water to 

are taken at less than 18 m, and only an occasional catch them with their bare hands. 

fish is taken below 35 m (Dryer 1966). The age-II and Back in the ’40s, they called this phenomenon “smelt- 
older smelt from trawls are nearly evenly distributed mania.” We may not use that term today but the mania for 
between 18 and 71 m; they are rarely captured above smelt is still with us. 
18 m, and none are found below 71 m. During the Smelt fishing is a spring ritual along the shores of the 
winter smelt occur at depths of 14-18 m in Lake Lu- Great Lakes. Beginning about the first week in April in 

cerne (Forest County). 

Optimum temperatures for the smelt are 6.1-13.3°C + 
(43-56°F). ASS 

Because of the timing of spawning and of the out- A Rien. 
ward migration of the young, smelt have been able Bee a Rt —— 
to utilize relatively polluted areas which other anad- ec permet be u SCs 
romous species cannot use (Dow 1972). Since the hed re : 
adults spawn during a period when there is generally bes cal ea fan 
heavy runoff, polluted waters are greatly diluted and : oo 2 - ae 
unfavorable water conditions are less apt to develop. ee Pe % ae L ce ; a 3 sean 

Also, the developmental period in the egg is very eee 6 c = 
short, enabling the young to emigrate from spawn- ae ee ec 
ing areas which may become seriously polluted later Se a ae Hoe “ee ON 
when the water volume drops. ae ee. a | ~~ = 

ee NY ve 8 

IMPORTANCE AND MANAGEMENT a ~~ a 
The rainbow smelt has clearly supplanted the chubs —— - ~ c ae “as ‘ ~~ 
(Coregonus spp.) as the principal food of Lake Su- a | ww oe. ‘a » , ee ~ 

perior’s lake trout population (Dryer et al. 1965). pee LT. Ce a 
Published records indicate that the following fish have cae J #34 ee ve 

fed in various degrees on smelt: brook trout, lake trout eee, Le a y. a, 
(extensively in Great Lakes), whitefish, lake herring, a % e= eZ an we | < } . 
eel, walleye (extensively in Great Lakes), yellow perch Pe ad i < fe ) Fr ™ 
(commonly in Great Lakes), northern pike (occasion- pic Se = 2 may 
ally), gar, and burbot (commonly in Great Lakes). On ae lO | ae 
Lake Lucerne, walleyes caught in late August 1974 a. 1 ij 
contained smelt 50-150 mm (2-6 in) long; a 406-mm Pp Pa re i | 4 
(16-in) walleye had seven smelt; a 356-mm (14-in) ¥ 6 : r mie ok . 
walleye had five (F. Koshere, pers. comm.). are PER aie \ ) 

To many people the smelt is known as a tasty food Bese i aie eta ai he 
fish. Smelt are most palatable when rolled in flour, Smelt dipping (Wisconsin DNR photo)
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— a. > s during the summer with fly fishing when the smelt school 
7 F) a a _ = << ss near the surface. 

a eerie According to E. Schneberger (pers. comm.), in 

LL” iis about 1934 a family of very limited means living in a 
ple Wie shacklike home at the mouth of the Peshtigo River 

Na@ es aoe Pe discovered a bonanza. The mother asked her sons to 
yo Ad yp Wi F ning D> fill a couple of wash boilers with water from the river 

» LB oy 4 % so she could get an early start on Monday’s laundry. 
ae hi pa ae When the boilers were filled, the boys discovered 

nel eT cer that many smelt had been dipped up. They got busy 
e _ fe pe : 7 : . 

SS ie met catching smelt and filled every available container 
i go with fish. The next day they made several trips to the 

ee ee fish market to sell the smelt, and with the money 
Smelt harvest (Wisconsin DNR photo} they paid off debts and bought food and clothing. 

Schneberger (1937a) reported that commercial fish- 

southern Lake Michigan, sportsmen line the shores, armed ermen: operating set:hooks for lake trout in northern 
with everything from “bedsprings to bird cages.” With Green Bay preferred smelt over the native chubs as 
these weapons, fishermen scoop up the small silvery smelt, bait. In Lake Michigan commercial smelt production 
making their annual spawning run to shore. in 1940 was 800,000 kg, but by 1944 production had 

By early May, hundreds of bonfires glow against the night dropped to zero. The almost total mortality of smelt 

sky along Lake Superior as smelt fishermen patiently await in Lakes Huron and Michigan during the fall and 

their quarry. Because smelt are sensitive to light and warm winter of 1942-1943 was referred to as “the smelt di- 
temperatures, they run primarily at night. saster,” and its cause is still a mystery. After consid- 
Some old-timers say that on a quiet night you can actu- ering many possible explanations, scientists con- 

ally hear them coming in with a soft wooshing sound. cluded that this disaster had probably been caused 
And'when they‘come, they‘come by the:thousands. . « . by a communicable disease, either bacterial or viral 
That carnival called smelting reached its zenith in (Van Oosten 1947). The smelt population rebounded 

the 1930s when Oconto and Marinette, Wisconsin, to a high of almost 1.4 million kg in the 1957-1958 
attracted 20-30 thousand visitors to dances, ban- period, and dropped to several hundred thousand 
quets, and parades that stretched for 3 miles. There kilograms yearly from the early 1960s to the present. 

was the “smestling” match which was held in a ring Smelt production in 1974 was reported at 152,630 kg 

covered with 2 tons of smelt; the wrestlers fought to and valued at $15,301—the largest catch since 1969. 
see who could stuff the most smelt in his opponent's The harvest was primarily from Green Bay and off 
trunks. The event got newsreel coverage from all of Manitowoc and Kewaunee counties. Pound nets were 
the news services of the day; newspapers all over the used during spring spawning runs and they ac- 
United States carried stories on Wisconsin’s phe- counted for 86% of the 1974 catch. Smelt production 
nomenal smelt run; radio stations told their listeners in recent years has been related more to market con- 
about the run; and part of the fun for thousands of ditions than to relative abundance (Wis. Dep. Nat. 

people was lining up elbow to elbow, vying with one Resour. 1976c). 
another for a share of the silvery fish. In Lake Superior no significant commercial land- 

The impact of the event, triggered by this small, ings of smelt were reported until 1952, when 20,400 

exotic fish that arrived on the Wisconsin scene at a kg were taken in United States waters. Commercial 

time when the country was fighting its way out of production of smelt in Wisconsin waters of Lake Su- 

the depression, was summed up by Van Oosten perior was 281,000 kg in 1963 and 217,000 kg in 1974 

(1940): (King and Swanson 1975). 

The smelt, therefore, has not only added a new source of h Hi spite are Rey positive ateibutes. ie auels 
food for the residents and fish of the Great Lakes area and as had its antagonists. Commercial fishermen claim 
a new source of revenue for the commercial fisherman and that the smelt have driven out the lake herring, the 
unemployed during the winter, and stimulated all types of lake whitefish, and the lake trout. There is no eve 
business generally during a normally slack period of the dence, however, that these species constitute a sig- 
year, but has provided additional recreation for the citizens nificant item in the diet of the smelt. Schneberger 
during the fall and winter with hook and line, during the (1937b) reported that stomach analyses had been 
spring with dip nets and other paraphernalia, and even made on 200 smelt taken within 0.4 to 0.8 km of the
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reefs where approximately 500,000 lake trout fry had ing the die-off of 1942-43, populations of whitefish 
been planted 2 days previously. The smelt had eaten and ciscoes may have capitalized on this large reser- 
Mysis and smelt; no lake trout fry were found in the voir of available energy” (Berst and Spangler 1973:32). 
smelt stomachs. Similarly, Anderson and Smith (1971a) rejected over- 

Berst and Spangler (1973) noted that when smelt fishing as the primary cause of the post-1961 collapse 
populations of Lake Huron underwent an explosion of the lake herring in Lake Superior, and concluded 
in the late 1930s and early 1940s, the production of that competition for food with the smelt was the 
lake trout, whitefish, ciscoes, and chubs began a ma- probable cause of the decline. 
jor decline. In the winter of 1942-1943 the smelt An earlier summary relative to this controversy 
population of Lake Huron collapsed. The following was expressed by Hubbs and Lagler (1964:57): “Re- 
spring saw the emergence of the greatest year class lationships of smelt to other species of commercial 
of whitefish ever recorded for Lake Huron. “It is ob- importance, such as the lake trout, are as yet little 
vious that the larger smelt populations prior to 1942 understood. The smelt is known to be a predator, it 
were utilizing vast quantities of food organisms near is also eaten by large fish. Whether it does more good 
the base of the production pyramid. We suspect that than harm in the economy of a lake is not known.” 
in the virtual absence of the smelt population follow-



Mudminnow Family— 
Umbridae 

One species of mudminnow occurs in Wisconsin, but four species in 
three genera are known from the United States and Canada (Robins et 
al. 1980). Although best represented by the North American species, they 
are considered of European ancestry. They are known from the Lower 
Eocene in Europe and Oligocene in North America. 

The mudminnows are characteristic inhabitants of small bog lakes, 

shallow muddy ponds, and slow-moving, vegetated streams. They are 
small fishes with rounded caudal fins, short snouts, and somewhat flat- 

tened heads. The pectoral fins are small to large and fanlike; the pelvic 
fins, small and abdominal. Mudminnows have a functional duct from 

the pharynx to the swim bladder and are capable of breathing atmos- 
pheric oxygen. 

385



- . - - _ 

- Si : 
. - - a 

4 a 

=o oe 7 - - 
/ ; 2 2 / 7 

, - 7 - . a : : 
x . 4 ee yee or 

as 7 > : - 
a ‘ - - © 

; 1 * : 7 / -e : 

: . F . 
a - - 

” 7 7 = ‘ 
- a wy - = a 

7 7 wl 
44 * - 1 - 

. © | 
. a’ i, 1 - 

7: - 1 - wy fee 
is = 1 2 bad - 

- = : - . 7E 
1 7 - - - = a - 

» . . e 
» Fp g 7 

. : cs a oo 7 os 

- PA - = a - a ® 1 
1 7 > 4 

we ae - : . - - : . : . 

soe oa - - 7 - - 7 - 
7 1 od 4 . s7 _ . *o 7 

: “yp! oe 7 " “ea gy . 
. - 7 - i . - = 

é . - SS F : 7 ne 
1 ' " : : 

. a mia - 1 : _- & eos - : 

- 7 7 - 7 ~ - = 
: . - 

: = 1 - ; «_ - 7 
- - 1. oe s' 4 4 ce > a? 

: i : } s 5 
- ‘ 4 . - ey 3 a Fs yk ts 

1 ow - 

, sen * “+ » - ae, - 
- : r . 2 : = 

- . 7 a8 te - 7 r. = ‘ 

- me - 7 a ~ oe - a 

7 i Ios . sof : fi *, , oo hee = 
> * a oe z Phas ; te * - 

- i+ 3 fo - . ee - _ . 
- ' . Sas > 

- uv - o ~ . -% a 7 - : : ao / - y 72 he : ; 
- i 7 . : a ‘ 7 - “- . s 7 : 7 7 

- - > - _ a om: ‘ ' & ov’ 
- 1 i - - 7 ot. - - - 

: - : . a Oe : no = . - 
: . wo .? 7 : / - - = - 

; ne “En ’ ag" -7 34 7 - - - * 
< - - ts . - = 

fe : . ; 1  - ‘i. =” 
- . 7 = “oe na ’ x 1 

- - =~ a5 a es .? = 

- ‘ Oo +, * - - 
1 7 - . - u “0 - , . 

OC - t - - : 
' * - 

- - 7 . vw : 7 : : - ve - a : 
; ot i whe 

; * 2m es a - 
: a vot : Po : / 

: se . 6 1 - 
- a” “ 1 » - - 7 = oO - . 

: = : oe “i - ro a4 — > = 

- a - ur, . - . . id ¥ a - —S > 
nos - - 1 x 

- ’ x * «* _ = 1* + » 4 
oa 7 . - 1 - 

’ 1 . . » : 

- 7 5 : : ai f ‘ - 1% : 
: u - = - 7 

7 cn ot - : eS : 7 
. - L 

‘ a 7 . 7 - = "* » = 7 
' : - - oo - . - 

! po a sO - ; - 

a 7 Roo oF — - 
a , B : oo ~ - - - : I : 

- a " « = - _#. . 
i - - - mes : a ‘ : 

7 an . ; 7 nhs ‘ =



Central Mudminnow 387 

Central Mudminnow Sexual dimorphism: Male with long anal fin, al- 
most reaching base of caudal fin; female with short 

anal fin, not reaching base of caudal fin. Anal fin of 

Umbra limi (Kirtland). Umbra—a shade, or dark, pos- male developing a bluish green coloration, especially 

sibly referring to its habitat (they were once intense during the breeding season. 
thought to inhabit caves); limi—mud. 

Other common names: western mudminnow, mud DISTRIBUTION, STATUS, AND HABITAT 
minnow, Mississippi mudminnow, mudfish, The central mudminnow occurs throughout Wiscon- 

dogfish. sin, although it is less commonly distributed in the 

southwestern quarter of the state than elsewhere. It 
is common to abundant in many marshes, ditches, 
and streams. 

This species is associated with moderately to 
densely vegetated waters. Plant types recorded are 

‘ P . a cattail, waterweed, eel grass, bullrush, pondweed, 

, 7 a yellow water lily, water buttercup, and filamentous 

. la Se. algae. In a number of Wisconsin collections it oc- 
2 : curred in some bog lakes, but was more commonly 

distributed in streams as follows: streams 1-3 m 
wide, 46%; 3.1-6.0 m, 19%; 6.1-12.0 m, 13%; 

12.1-24.0 m, 13%; 24.1-50.0 m, 10%. Bottom mate- 

rials most commonly associated with it were gravel 
~ (24%), sand (22%), silt (18%), mud (15%), rubble 

- ree ee ee (8%), boulders (6%), and detritus (5%). The central 

< iy eS ee mudminnow prefers pools or areas lacking water 
- 7. re x gett — flow, tolerates slow or moderately flowing water, and 

= > i. avoids fast water. It has been most commonly en- 
countered in water up to 0.5 m deep; it is less com- 
mon in deeper water. In Wisconsin it prefers clear 

Male 98 mm (top), female 99 mm (bottom), Hemlock Cr. (Wood water, light to dark brown in color, and is less fre- 
Co.), 6 Apr. 1974 quent where turbidity is high. 

DESCRIPTION BIOLOGY 
Body robust, almost round in cross section anteriorly. Numerous literature references indicate upstream 
Average length 60 mm (2.4 in). Depth into TL migrations of the mudminnow prior to spawning, 
4.9-7.0. Head into TL 3.8-4.9; top of head, cheeks many of these lateral into overflow ponds. In Dodge 
and opercles scaled. Snout short and blunt. Maxiilary County waters, migrations occur during March and 
extending to anterior edge of pupil. Lower jaw pro- April, but spent females do not appear until after 20 
trudes slightly. Mouth medium; groove of upper lip April (H. Neuenschwander, pers. comm.). 

interrupted, not extending over tip of snout. Small Spawning occurs at a water temperature of 12.8°C 
villiform teeth on premaxillary, lower jaws and roof (55°F), and possibly at temperatures up to 15.6°C 
of mouth. Gill rakers 13-15, short and stout. Bran- (60°F). The breeding season is correlated with the 

chiostegal rays 4—5. Scales large, cycloid; lateral se- flooding of adjacent areas. The rise in water temper- 
ries 34-37, lateral line absent. Lateral line canals ature and forming of suitable breeding habitats act as 
present on head (Schwartz and Hasler 1966b). Dorsal stimuli for spawning (Peckham and Dineen 1957). 

fin rays 13-15; anal fin rays 7-9; pectoral fin rays Areas of overflow provide excellent breeding grounds 
14-16; pelvic fin rays 6-7; all fins rounded on free for adults and protected habitats for the young. The 
edge. Osteology discussed by Dineen and Stokely eggs, adhesive and demersal, are deposited singly on 
(1954). Chromosomes 2n = 22 (Roberts 1967). leaves of plants and no nest building occurs. In Indi- 

Back and sides dark olive green to brown-black, ana, spawning is completed by 29 April (Peckham 
mottled with up to 14 distinct to vague dark brown and Dineen 1957), but in southeastern Wisconsin 
vertical bars; belly yellow to white. A prominent ver- Cahn (1927) noted no spawning after 12 April. 
tical black bar at base of tail; fins brownish. Egg production is from 425 to 450 eggs per female
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(Evermann and Clark 1920). Westman (1938) noted The scales of the central mudminnow are not that in the central mudminnow the guarding female adapted to age determination, since the circuli are will pick out and devour undeveloped eggs. Eggs are roughly longitudinal in relation to the antero-poste- yellow or orange colored, about 1.6 mm diam. The rior axis and characteristic annuli are absent. The transparent fry is 5 mm long when it emerges on the opercula and otoliths are useful in the aging process. sixth day (Langlois 1941). By the 16th day the fry be- A sample of mudminnows (UWSP 531) collected 11 comes pigmented and dark. Fish (1932) described the July 1966 from an unnamed creek in Langlade County 24.75 mm stage; the embryonic development of the was aged from otoliths (F. Hagstrom, pers. comm.): related eastern mudminnow (Umbra pygmaea) was 
pictured by Mansueti and Hardy (1967). 7 Calcdlsied: Tetanus Up to the time they are 25 mm (1 in) long the young mn) Seated TEE Annalas have a notochordal lobe above the developing cau- oe No. of hua aaae 7 2. 6 Et + + - . z lass Fish Avg Range 1 2 3 4 dal fin, similar to that in gars. This may help orient Op gg 
the fish before feeble movement is possible with the 1 4 os 313-645 37.0 poorly developed fins. The young move from the 39 54.5 41.1-71.5 393 513 breeding areas back to the main stream when they iv a7 86.7 pees 49.4 59.9 65.5 are about 30 mm (1.2 in) long (Scott and Crossman s 79 718-89.2 S72 108s) “738 “73.0 1973). 

Avg (weighted) 428 545 66.7 79.0 In southern Wisconsin young-of-year are 28 mm 
long in late June, 35 mm by 15 July, 39 mm by 29 July, 
43 mm by 12 August, and 55 mm by October; in A Wisconsin specimen in the UWSP Museum is northern Wisconsin they are 23 mm by mid-July and 120 mm (4.7 in) long. Trautman (1957) reported this 41 mm by the beginning of September. species up to 132 mm (5.2 in). In ponds near Okau-
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chee Lake (Waukesha County), Cahn (1927) reported 40-50 cm. Schwartz and Hasler assumed that the 

mudminnows up to 140 mm (5.5 in). ability to perceive ripples on the water aided in de- 
In Wisconsin the growth rate of central mudmin- tecting prey. The mudminnow responds to water cur- 

nows is similar to the growth exhibited in Indiana rents as small as 1.6 mm/sec. 
(Peckham and Dineen 1957), New York (Westman On the mudminnow’s habits, Eddy and Underhill 
1941), and Michigan (Applegate 1943). Scott and (1974:197) wrote: 
Crossman (1973) suggested that mudminnows live at . . . 
least to 7 or 9 years of age, basing this calculation on ces Theimucmuninow Js rately a fe the ae a 
known-age fish and expected yearly increments. man pecs sates mn Waters tarely tequented=2y pans 

3 7 7 z and game fish, and it is difficult to seine. . . . Students at 

The mudminnow is primarily a bottom feeder. In the Lake Itasca Forestry and Biological Station carried out 
Indiana (Peckham and Dineen 1957), young mud- mark-and-recapture studies on the mudminnows in some 

minnows (19 mm long) had eaten newly hatched roadside ditches which provided optimum conditions for 
snails; Physa was the predominant molluscan in the _seining and which did not give the fish an opportunity to 
diet. Chironomids, copepods, ostracods, and cladoc- migrate. They observed mudminnows diving into the mud 

erans were the principal food items of the young-of- and detritus near the margins of the ditches but could not 
year. Adults selected chironomids, mayflies, caddis- capture them with either seine or dip nets. However, once 
flies, and mollusks as their chief foods. A few fish the water had become stirred up and turbid, the fish could 

were eaten by the mudminnows, but plant material re taken in the seines. After five weeks of daily sampling 

appeared to be incidental in their diet. One blacknose the students were still capturing unmarked mudminnows. 

dace (30 mm) was found in the stomach of an 80 mm Mudminnows have usually been described in early 
mudminnow, and two unidentified fish were found reports as burrowing quickly into the mud, tail first, 
in the stomach of an 85 mm mudminnow. Mudmin- to escape predation or to survive drought conditions, 
now scales were common in the mudminnow stom- and as hibernating in the mud in winter. Later obser- 

achs. vations show that they do flee into the thick detritus 
Stomach analyses by various researchers have and flocculent ooze, but do not burrow into the mud 

shown that the digestive tracts of mudminnows con- (Scott and Crossman 1973). During the winter the 
tained the following average percentages of food and fish remain active in the vegetation under the ice. Ac- 
other items: insects, 45.6; amphipods, 11.1; entomos- cording to Schneberger (pers. comm.) they are usu- 
tracans, 16.3; mollusks, 12.3; arachnids, 0.16; plants, ally able to escape the effect of fish toxicants used to 
7.1; surface drift, 4.6; algae, 1.4; miscellaneous, 1.24; eradicate fish populations. 
and silt, 0.2 (Dobie et al. 1948). Stasiak (1972) found In Wisconsin the mudminnow is one of the hardi- 

the pharyngeal teeth of minnows in the digestive est fishes and has been found in ponds where the 
tracts of several large mudminnows. Cahn (1927) oxygen concentration is very low. Eddy and Under- 
found particles of Hydra in the intestine. hill (1974) reported that it has been found in ponds 

The mudminnow is a very slow swimmer and lies where the oxygen concentration was less than 1 ppm. 
concealed in mud or vegetation much of the time. The mudminnow has both alveoli and gas absorbing 
The prey is attacked with a sudden rush (Keast and and secreting organs in the swim bladder, and when 
Webb 1966). In an Indiana study a higher percent of oxygen levels in the water are insufficient to meet its 
the stomachs contained food in winter than in any needs, it gulps air at the surface (Lagler et al. 1977). 
other season, and, as in other species, many were It is often the only species to survive a severe winter 
empty during the breeding season (Peckham and Di- kill and is capable of utilizing air bubbles under the 
neen 1957). ice. Reportedly it can be superficially frozen in ice 

The central mudminnow is sensitive to distur- and will revive upon thawing (Hubbs and Lagler 
bances of the water that affect deeper water layers 1964). 
and produce a water displacement surface. A single The mudminnow is also able to survive high water 
drop of water, falling from a height of 5 cm, pro- temperatures in pools which become isolated, stag- 
duced surface waves strong enough to release a re- nant, and as warm as 28.9°C (84°F) in August (Scott 
sponse in a fish 69-74 cm away (Schwartz and Hasler and Crossman 1973). However, a water temperature 
1966a). The fish swam toward the stimulus initially of 38°C (100.4°F) in a shallow Michigan pond caused 
at a maximum speed of 10.2-13 cm/sec decreasing to appreciable mortality in this species (Bailey 1955). 
about 3 cm/sec; the reaction ended after moving Some of these characteristics help to explain why the 
about 4.5 cm. Fright reactions are sometimes carried mudminnow is often the only species of fish inhab- 
out much faster and over longer distances, often iting swamps, shallow ponds, and bog pools.
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In central Wisconsin’s Buena Vista Marsh, where erel, northern pike, sunfishes, and catfishes; many 
considerable channelization has occurred, this spe- are devoured by birds, muskrats, and foxes. In one 
cies is common, particularly in old ditches and in study (Peckham and Dineen 1957) the chief predator 
newly ditched areas. The greatest numbers (more was the mottled sculpin: the stomach of a 111-mm 
than 3,000 in a 200-m sector) occurred in an old male contained a 72-mm female mudminnow with 

downstream ditch where the mudminnow was the eggs; a 102-mm sculpin had eaten a 65-mm female. 
most common species (Headrick 1976). There it was Hence some potential young are lost to predation by 
taken from beneath undercut banks—cover which sculpins. 
was absent from new downstream ditches and natu- The central mudminnow is used extensively as a 
ral streams. Data for upstream study areas (whether bait minnow in Wisconsin and other states where it 
natural or ditched) showed no consistent preference. is plentiful, because it is able to live for a long time in 

Central mudminnows and associate species in a the bait bucket as well as on the hook. In southern 
collection from Pedro Creek (Menominee County) Wisconsin it is a preferred bait for walleyes. There is 
were: central mudminnow (23), northern redbelly considerable disagreement as to its value as a bait 
dace (135), pearl dace (43), brook stickleback (43), fish because of its drab appearance compared to a 

white sucker (30), brassy minnow (23), golden shiner shiner minnow. Good fishermen, however, maintain 
(12), common shiner (11), fathead minnow (5), black its excellence. It is used for taking bass and northern 

bullhead (2), johnny darter (1), and creek chub (1). In pike, and is a good bait to have in one’s minnow pail. 
Drew Creek (Langlade County), 74 central mudmin- Its dark color, which is thought by some to render it 
nows were taken along with blacknose dace (158), unsuitable as bait, may be brightened somewhat by 
mottled sculpin (51), white sucker (32), creek chub keeping the fish over a light background in bright 
(20), longnose dace (16), northern redbelly dace (14), light (Hubbs and Lagler 1964). 

brook stickleback (3), common shiner (5), and fine- The mudminnow is a fish of considerable beauty 

scale dace (1). In the outlet of Williams Lake (Mar- and makes an attractive, interesting aquarium fish. It 
quette County), 46 central mudminnows were taken is easily taught to take small pieces of meat, earth- 
with Iowa darter (8), largemouth bass (3), fathead worm, or cereal. 

minnow (2), and black bullhead (numerous fry in Although dredging, draining, and increased tur- 
several schools). bidity may have eliminated suitable habitats in much 

of its range (Trautman 1957), in Wisconsin this spe- 

cies is among the first to enter such newly created 
IMPORTANCE AND MANAGEMENT habitats, provided that the turbidity is only tempo- 
Mudminnows are preyed on by a variety of larger rary. In many areas, man’s activities have resulted in 
stream forms, including grass pickerel, chain pick- the expansion of its range.



Pike Family— 
Esocidae 

Three species of pike occur in Wisconsin. The family includes five spe- 
cies in one genus. One species, the northern pike, occurs in North 
America, Europe, and northern Asia; one species is endemic to Siberia; 

and three are endemic to eastern North America. Although best repre- 
sented by four species in North America, this family is of Eurasian an- 
cestry. In the Old World it is known from the Middle Eocene; in North 

America it is known from the Pliocene. 
The body is elongate and the head is much depressed anteriorly; it is 

often said to be duckbilled. The jaws and mouth are well armed with 
teeth. Intermuscular bones are forked or Y-shaped. A single dorsal soft- 
rayed fin is positioned far back on the body. 

All pike are fish eaters and highly predacious; the stomachs are long 
and the intestines short. Two species, the northern pike and the muskel- 
lunge, are among the largest carnivorous fish in Wisconsin and are much 
sought after by sport fishermen. 
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Grass Pickerel tion is similar to that of the grass pike: 33-39 narrow, 
oblique, light-colored body bands (some beaded) al- 
ternating with broader, dark brown bars. Below the 

Esox americanus vermiculatus Lesueur. Esox—an old lateral line, markings are more mottled and less regu- 
European name for the pike; americanus—from lar. The lower half of the opercle is scaled anteriorly, 
America; vermiculatus—vermiculated, alluding the scaled portion often describing a diagonal from 
to the wavy bars of the color pattern. the midposterior edge of the opercle to the base of its 

Other common names: western grass pickerel, mud anterior edge. The mandibular sensory pores are 4 

pickerel, little pickerel, pickerel, central redfin (seldom 5). The subocular (teardrop) bars are faint to 

pickerel, grass pike, mud pike, slough pickerel. absent. The descriptions follow Schwartz (1962) and 

McCarraher (1960). For additional details, see Serns 
and McKnight (1977). 

A similar hybrid has been reported from the East 

aS ao 2 vr Fork Raccoon Creek, TIN R12E Sec 31 (Rock County) 

. a an 3 (Wis. Fish Distrib. Study 1974). The grass pickerel x 
. “S — northern pike hybrid is infertile. Artificial grass 

pickerel x muskellunge have been produced in Ohio 

Adult 190 mm, Richland Cr. (Crawford Co.), 11 July 1962 (Tennant and Billy 1963). 

DESCRIPTION DISTRIBUTION, STATUS, AND HABITAT 
Body elongate, cylindrical, almost round in cross The grass pickerel occurs in the lower Wisconsin, 
section. Average length 203 mm (8 in). Depth into Rock, Fox, and Des Plaines river systems of the Mis- 

TL 5.7-8.3. Head into TL 3.2-3.8; top of head un- sissippi drainage. In the Mississippi River it has been 
scaled, cheeks and opercles fully scaled. Snout short, reported from southern Vernon County downstream 
into head length 2.4-2.7; snout flattened dorso-ven- (P. W. Smith et al. 1971). The records from the Me- 

trally and concave on top. Mouth large, maxillary nomonee and Root river systems of the Lake Michi- 
usually not reaching beyond middle of pupil. Large gan basin are all old (Greene 1935), and it is doubtful 
canine teeth in lower jaws, flattened to rear. Sensory that this species persists there any longer. The recent 
pores on undersurface of lower jaw 4 (3-5 on each northern occurrences in Vilas County (Partridge, High, 
side). Gill rakers reduced to sharp, toothlike struc- and Fishtrap lakes) and Oneida County (Minocqua 
tures. Branchiostegal rays 12 (10-14). Scales cycloid, Thoroughfare, connecting Minocqua and Tomahawk 

lateral line scales 97-118, usually fewer than 110; lat- Lakes) are isolated and may be accidental introduc- 
eral line complete. Principal dorsal fin rays 12-13; tions from the fish transfer operations of the early 
principal anal fin rays 11-12; pectoral fin rays 14-15; 1940s. [See Kleinert and Mraz (1966) for additional 
pelvic fin rays 9-10; all of these fins rounded on edge; distribution details.] 
caudal fin forked. Chromosomes 2n = 50 (Beamish Two possible entry routes of the grass pickerel into 
et al. 1971). Wisconsin are indicated: from the Mississippi River, 

Olive- or yellow-brown dorsally; sides barred or through the Des Plaines, Fox, and Rock rivers; or 
mottled with darker browns, barred pattern more from southern Lake Michigan (Becker 1976). Greene 

regular above lateral line, irregular mottling below. A (1935) noted that its habit of spawning in shallow 
distinct dark brown to black teardrop below eye. Fins flood waters favors its chances of crossing low di- 
clear to lightly pigmented. In young-of-year (20-75 vides such as those between the Root and Des 
mm), a distinctive pigment-free line below the lateral Plaines rivers and between the Menomonee and 
line extending from snout to tail. In older young, lower Fox rivers. 

body pattern consists of dark, reticulated markings The grass pickerel is common in lakes and sluggish 
against a light background. [See Kleinert and Mraz waters of extreme southeastern Wisconsin, except in 
(1966) for the distinction between immature grass the streams of the Lake Michigan basin, from which 

pickerel and northern pike.] it has been extirpated. It is common in the lower Wis- 
Hybrids: Four natural hybrids of grass pickerel and consin River and uncommon in the Mississippi River. 

northern pike were taken from Rice Creek, T42N R6E It appears to have extended its range in recent years. 
Secs 7 and 8 (Vilas County), 19-23 April 1971 (UWSP This species prefers quiet water (lakes and sloughs), 

3983-6). These specimens are 464-585 mm TL but it has occasionally been taken from fast currents 
(690-1670 g) and in age-groups IV or V. Their colora- in small streams. I have found it in streams of the
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following widths: 1.0-3.0 m (11%), 3.1-6.0 m (44%), 4.4-11.7°C (40-53°F). No nest is built; the eggs are 

6.1-12.0 m (22%), and 12.1-24.0 m (22%). The fre- broadcast and abandoned, settling and adhering to 
quency of substrates encountered were sand (21%), vegetation. The spawning in Pleasant Lake (Wal- 
ravel (21%), mud (17%), clay (13%), rubble (13%), worth County) was described by Kleinert and & y yi y 

silt (8%), and boulders (8%). The grass pickerel has Mraz (1966:18): 

SPPSe ed in clea fo turbid water, highest population Water in the East Bay slough warms before the lake in 
densities occur in shallow, weedy locations (Kleinert early spring, and pickerel aggregate as soon as the ice be- 
and Mraz 1966), containing such plants as leafy liv- gins to recede. Spawning takes place almost immediately 
erworts, water lilies, pondweeds, filamentous algae, and continues for approximately two weeks, as evidenced 
and broadleaf cattails. I have encountered small by the presence of ripe pickerel in the area and the pres- 
populations of this species in sand-bottomed back- ence of eggs on the bottom. Although pickerel are most 

waters, sloughs, and landlocked pools of the lower numerous in the slough at spawning time, a few can be 
Wisconsin River which were virtually devoid of all seen scattered about the other shorelines and bays, sug- 
types of vegetation. In southeastern Wisconsin Cahn gesting that spawning occurs in many locations. However, 
(1927) noted that the grass pickerel is present where eggs and fry are abundant only in the slough and are diffi- 

i ex ia, & cult to find elsewhere in the lake. 
the water has been muddied by carp activity, is nor- 4 : ; 4 

lly 0.6md dis sl d sluggish b i During the spawning period pickerel were most often 
mally U0 m deep, and 1s Siow and siuggis ut no seen in groups of two to six or more fish in the few inches 
stagnant, with a bottom mixture of sand and mud. of water bordering the margin of the slough. Females could 

often be identified at sight by their bulging abdomens. 
Pickerel were wary at this time, darting into deeper water 

BIOLOGY a. . . when approached by an observer. Numerous attempts 
Spawning occurs mainly in the spring (March-April) were made to observe the spawning behavior during the 
immediately after the ice goes out at temperatures of three springs of the study; however, cloudy weather, wind
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and the wariness of the fish prevented observation of the the spring. The males showed milt and the females 

spawning act. ripe eggs at spawning time, indicating that both 
Evidence of a second, low intensity spawning pe- sexes mature at age I (Kleinert and Mraz 1966). 

riod, occurring in summer or fall, was reported by The species is small in size; fish exceeding 305 mm 
Lagler and Hubbs (1943), who collected young in (12 in) are rare. Among pickerel measured at Pleasant 
Michigan in November of 1941 comparable in size to Lake, only 10% exceeded 254 mm (10 in) and less 
young collected in June. Scott and Crossman (1973) than 1% exceeded 305 mm (12 in) (Kleinert and Mraz 

postulated that changing water temperatures (up- 1966). The largest known grass pickerel from Wiscon- 
ward in spring, downward in fall), not just the in- consin is a 5-year-old, 376-mm, 352-g (14.8-in, 12.4- 
crease in temperature, are the stimuli for spawning. oz) female (ROM 32061) taken from Rice Creek (Vilas 

The capture in May of large fingerlings (31.5 and 37 County) (Serns and McKnight 1977). Trautman (1957) 
mm) from Pleasant Lake, along with small finger- recorded the maximum size as 381 mm (15 in) and 
lings (6.5-17 mm) which had hatched a few days pre- 397 g (14 oz). 

viously, made Kleinert and Mraz (1966) suspect that In a Wisconsin study, food of pickerel 9.5-15 mm 
the former were fall-hatched fingerlings. long consisted principally of cladocerans, copepods, 

A combined sample of nine females was caught in and occasionally ostracods; food of pickerel 15-40 mm 

Pleasant (Walworth County) and Rock (Jefferson long included cladocerans and copepods with tendi- 
County) lakes on 30 March 1963, just prior to spawn-- pedid larvae, Odonata nymphs, and fish (Kleinert and 

ing. Counts of the mature eggs in the ovaries ranged Mraz 1966). Zooplankters were rarely found in fish 
from 843 for a 160-mm (6.3-in) fish to 4,584 for a 325- 40-80 mm long; their diet was almost entirely tendi- 
mm (12.8-in) fish. Mature eggs were clear, yellow pedid larvae, Odonata and ephemerid nymphs, 
amber in color, and from 1.5 to 2.4 mm diam in con- small fish, and scuds (Hyalella spp.). Three species of 
trast to the smaller, white opaque immature eggs also fish were found in fingerling pickerel stomachs: 
contained in the ovary. In September and October blackchin shiners, lake chubsuckers, and smaller 
clear, yellow amber eggs similar to mature eggs were pickerel. Of 104 grass pickerel 152-343 mm (6-13.5 

seen in less than 28% of the females from a number in) TL from Pleasant Lake, Lower Phantom Lake, 

of southeastern Wisconsin lakes. These females av- Pickerel Lake, and Beulah Lake, 93 contained fish, 7 

eraged 254 mm (10 in) TL; females with only white, contained dragonfly nymphs, and 2 contained cray- 
immature eggs averaged 196 mm (7.7 in) long (Klein- fish. Small bluegills and pumpkinseeds were the pre- 
ert and Mraz 1966). dominant fish eaten, followed by bluntnose min- 

Eggs hatch in 11-15 days at water temperatures of nows and blackchin shiners. Certain grass pickerel 
7.8-8.9°C (46-48°F). The young, at this time 6.2 mm showed a capacity to ingest very large food fish: a 
long, are inactive. They remain near the bottom, 102-mm (4-in) bluegill was found in the stomach of a 
possibly attached to vegetation, and live from 10 to 244-mm (9.6-in) pickerel, and a 76-mm (3-in) perch 
14 days on the yolk (Scott and Crossman 1973). In was found in a 198-mm (7.8-in) pickerel. The fish-eat- 

Wisconsin, early growth in different years appears to ing inclination begins early for some individuals—a 
be similar and it is rapid; 6.5-11.5 mm on 24 April, large fingerling 37 mm (1.5 in) long held 13 young-of- 
10-17 mm on 9 May, 25-29 mm on 25 May, and 31- year 6.5-11.5 mm long in its stomach. 
49 mm on 3 June (Kleinert and Mraz 1966). [In Illi- In an Ontario creek (Crossman 1962), 22 species of 

nois young had grown to a length of 51-64 mm by fishes were present, but grass pickerel fed on only 9 
25 May (Richardson 1913).] The average length of species in this descending order of importance: cen- 
fingerlings caught in three September surveys was tral mudminnow, golden shiner, grass pickerel, white 
127 mm (5 in). sucker, pumpkinseed, common shiner, creek chub, 

Scale analysis of a combined sample of 280 pick- yellow perch, and johnny darter. 
erel from Pleasant, Upper Phantom, Beulah, Pick- The grass pickerel feeds mostly in the late after- 
erel, Ripley, and Eagle Spring lakes indicates average noon or early evening; little feeding occurs at night. 
lengths at different ages as: 0—145 mm (5.7 in); I— Scott and Crossman (1973) reported the grass pick- 
208 mm (8.2 in); II—251 mm (9.9 in); III—287 mm erel’s lower tolerance level for oxygen concentration 

(11.3 in); and IV—356 mm (14.0 in). Females are as 0.3-0.4 ppm in Michigan. The range of pH in Ca- 
longer than males at ages 0, I, and II; no males of age nadian habitats is 6.26—8.32. The final preferred tem- 
Ill or older were encountered, providing further evi- perature has been experimentally determined as 
dence that females exceed males in growth and lon- 25.6°C (78°F); maximum temperatures of some habi- 
gevity (Kleinert and Mraz 1966). tats are as high as 28.9°C (84°F), and cruising speed 

Both yearling males and females can be sexed in has been demonstrated experimentally to increase
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with increased acclimation temperature. The grass Since grass pickerel are sometimes abundant in 
pickerel is adapted to high temperatures, enabling it lakes where northern pike populations are low, it has 

to be successful during drastic decreases in the water been theorized that competition between northern 
level and the minimum flow typical of its habitat. pike and grass pickerel may deplete the northern 
Young-of-year live in the shallows along the shore, pike population. Kleinert and Mraz (1966) could not 
but older fish are found in the deeper portions of the document such competition, however. Observations 
streams and ponds. of the grass pickerel and northern pike association at 

Failure of year classes has been traced to declining Pleasant Lake showed that these species shared simi- 
water levels which strand many fingerlings and lar spawning times and locations and that the time 
adults in slough nursery areas (Kleinert and Mraz required for hatching and development to the feed- 
1966). Further, in winter the remaining water in the ing stage was similar for both species when hatched 
slough is depleted of oxygen, eliminating any surviv- and held at the Delafield station. 
ing pickerel. However, it can become abundant in a Trautman (1957) noted, however, that there seems 

lake environment; there was an estimated maximum to be a marked interspecific competition between the 

fall population level in Pleasant Lake (Walworth grass pickerel and other species of pikes, for the 
County) of 3.92 kg/ha (3.5 Ib/acre). grass pickerel was rare or absent in any locality 

In Glass Lake slough (near Bagley, Grant County) where another species of pike was abundant. 
of the Mississippi River fish species associated with 
4 grass pickerel were: longnose gar (1), gizzard shad IMPORTANCE AND MANAGEMENT 
(32), bigmouth buffalo (2), spotted sucker (4), white Grass pickerel are eaten by catfishes, sunfishes, yel- 
sucker (1), golden shiner (76), pugnose minnow (4), low perch, and by grass pickerel themselves. Large 
spotfin shiner (2), spottail shiner (32), weed shiner fingerlings and adult grass pickerel cannibalize pick- 
(1), tadpole madtom (4), northern pike (5), white erel smaller than themselves. 

bass (3), yellow bass (3), yellow perch (36), walleye The fisherman’s interest in this species is small be- 

(8), logperch (6), johnny darter (1), mud darter (1), cause the overall size of the fish is insufficient for the 

largemouth bass (112), bluegill (2), black crappie pan. It is usually mistaken for the young of the 
(509), white crappie (6), and brook silverside (28). In northern pike and returned to the water to “grow up.” 

Indian Creek (Richland County) the following asso- It will take baited hooks, however, and can provide 
ciation of fish appeared: grass pickerel (3), lake chub- enjoyable sport on very light tackle. 
sucker (1), white sucker (13), central stoneroller Among those fishermen recognizing the species, 

(368), blacknose dace (13), creek chub (244), southern the prevalent notion is that grass pickerel are “ver- 
redbelly dace (21), bluntnose minnow (35), sucker- minous” and a nuisance fish which should be dis- 

mouth minnow (1), bigmouth shiner (23), brassy carded. It is of no importance in the commercial and 

minnow (1), Mississippi silvery minnow (3), north- sport fishery of the Mississippi River (Barnickol and 
ern pike (2), johnny darter (173), and rainbow darter Starrett 1951). 
(1). The grass pickerel makes a handsome aquarium 

The relationship of the grass pickerel to northern fish and is easily maintained, but it usually requires 
pike has intrigued fishery biologists and managers. live fishes or crayfishes as food. 
These species were stocked prior to spawning in The grass pickerel may be valuable as a predator 
three Delafield ponds at the ratio of approximately since its diet consists almost entirely of fish. Richard- 
three pickerel to one northern pike (Kleinert and son (1913) suggested that grass pickerel fry 51-64 
Mraz 1966). When the ponds were drained in Sep- mm TL fed on carp fry, which were less than 16 mm 
tember a greater number of pickerel fingerlings were long by 1 June in Illinois. The larval and swim-up fry 
in one pond, a greater number and poundage of stages of muskellunge are also highly vulnerable to 
northern pike fingerlings were in the second pond, grass pickerel predation in waters where the two spe- 
and northern pike fingerlings and adults remained in cies occur together (A. Oehmcke, pers. comm.). 
the third pond, with no surviving pickerel. Northern In samples taken from many Wisconsin locales, the 
pike brood fish showed a higher April-to-September grass pickerel was represented by only a single indi- 
survival in two ponds; both species showed similar vidual, indicating that its density level may be ex- 
survival percentages in one pond. Also, evidence tremely low. There have been no complaints that this 
supported Crossman’s (1962) observations that grass species has reached pest levels. Its role in the aquatic 
pickerel apparently move infrequently and for only ecosystem appears to be part of the balance of na- 
short distances to hunt for food or shelter. ture, a delicate relationship between predator and
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prey in which neither harms the other but in which Grass pickerel and northern pike have been crossed 
each performs some salutary environmental func- artificially (Schwartz 1962). Muskellunge and grass 

tion. pickerel have also been artificially hybridized, the re- 
The assumption prevails that grass pickerel may be sulting hybrids being heavier bodied than the par- 

detrimental to the northern pike, and Kleinert and ents. But the desirability of pickerel-northern pike and 
Mraz (1966) have suggested that present manage- pickerel-muskellunge hybrids as potential sport fishes 
ment efforts should be directed toward preventing has yet to be determined. 
the spread of the species.
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Northern Pike ment-free line below lateral line which is characteris- 
tic of grass pickerel, E. americanus (see Kleinert and 
Mraz 1966). Young solid black-green on back, con- 

Esox lucius Linnaeus. Esox—an old name for the pike trasted with cream-colored stripe on back of muskel- 
in Europe; /ucius—the supposed Latin name for lunge fingerling. 
this species. Sexual dimorphism: In female, many longitudinal 

Other common names: great northern pike, jack, folds (convoluted tissue) between urogenital protu- 
jackfish, pickerel, great northern pickerel, com- berance and anus; in male, urogenital opening asso- 
mon pike, snake, snake pickerel. ciated with slitlike concave, transverse depression, 

the rim of which is usually level with surrounding 
tissue and does not show prominently uplifted folds 

Ze between slit and anus (Casselman 1974). 
ef ng a Hybrids: Northern pike x grass pickerel from Rice 

oe eg 7 PETS? eS Creek (Vilas County) in 1971 and East Fork, Raccoon 

Bsns ~~ emai ‘ xe > s Creek (Rock County) 1974 (p. 393). Northern pike x 
aes muskellunge (tiger muskellunge) (pp. 405, 412). 

Immature 195 mm, Tomorrow R. (Portage Co.), 7 Aug. 1963 Mutant ihe silver Pike 18 4 DidiaHon or “sport” of 
the northern pike. It is a solid silver or gray color, 

sissies ame sometimes flecked with gold, and not marked like 
: Se E _. the typical northern pike, although the number of 

eres : x scales, fin rays, pores under the jaws, and other fea- 
>. ee eee - tures are the same as for the northern pike. In Wis- 
ae a Se eee consin, populations of silver pike have been reported 

: oe - S S from Bear and Munger lakes (Oconto County) by 
a M. Burdick and T. Thuemler (Biologists, Wis. DNR). 

Adult (Wisconsin DNR photo) (See UWSP 5047.) This variant is also reported from 

northern Minnesota (Eddy and Surber 1947, Eddy and 
DESCRIPTION Underhill 1974), and according to Scott and Cross- 

Body elongate, cylindrical, almost round in cross sec- man (1973) it is now known to occur sporadically 
tion. Average length approximately 508 mm (20 in). throughout the world distribution of the northern 
Body depth into TL 6.0-9.0. Head length into TL pike. It breeds true, and when crossed with mus- 
3.3-4.0; top of head unscaled, cheeks usually fully kellunge produces a hybrid similar to that of the 
scaled, opercles usually scaled on top half only. muskellunge-northern pike cross, which is speckled 
Snout long, into head length 2.1-2.4, but longer than like a crappie. It has also been named silver muskel- 
postorbital head length; snout flattened dorso-ven- lunge, but properly the common name should be sil- 
trally, duckbill-like. Mouth large, maxillary usually ver pike. 
reaching at least to midpupil. Lower jaw with large, 
strong canines (peglike posteriorly) and short, sharp, DISTRIBUTION, STATUS, AND HABITAT 
recurved brushlike teeth on roof of mouth and In Wisconsin the northern pike occurs in the Missis- 
tongue. Sensory pores on undersurface of lower jaw sippi River, Lake Michigan, and Lake Superior drain- 
(mandibular pores), usually 5 on each side. Gill rak- age basins. It is widely distributed throughout the 
ers reduced to sharp, toothlike structures. Bran- state except in the unglaciated area, where it is 
chiostegal rays 14-16. Scales cycloid, lateral series sparsely dispersed except in large river systems and 
usually more than 120 (105-148); lateral line com- impounded areas. It occurs in the shallow waters of 

plete. Principal dorsal fin rays 15-19; principal anal Lakes Superior and Michigan, particularly Green Bay. 
fin rays 12-15; pectoral fin rays 14-17; pelvic fin rays The northern pike is generally common except in 
10-11; all of these fins rounded on edge; caudal fin the southeastern quarter of the state, where popula- 
moderately forked, tips more rounded than the mus- tions are seriously depressed. It is reportedly absent 
kellunge. Chromosomes 2n = 50 (Nygren et al. 1968). from the Chippewa River and its lakes above Radis- 

Light to dark olive dorsally, becoming white ven- son (Sawyer County). Historically the lakes and riv- 
trally; light bean-shaped horizontal markings dis- ers of the highlands of northern Wisconsin have been 
persed in oblique rows on sides; vertical fins com- devoid of northern pike, but man-connected activi- 
monly orange-yellow. Young northern pike (under ties in recent years have promoted the expansion of 
279 mm) with oblique dark bars; fingerlings lack pig- the northern pike into most of these lakes.



Northern Pike 399 

- 7 Ze eeg thee a _ [sere b a 
. paces C | _ 

| (i og’ | “ro 
ON ap eee. 408 os | r 

vate $e oR Se oh [™ . | ‘ 
6.8/OReO BPO 7g Sate — | Soh Qed RE Pe OS | PE a OPPO. | won 

fp BPok To ABP FZ! Babe, ee oF eo q WAS eEe’ 
SD Be oO obs: OBB” gh Bs ae ORS BROS OX 788 XN 7, LY TY Y 
‘BBR e Besa SES Bas ke Reh ore gig # @ | KC RRL 
+ NG GPR SG tah oS 8 80 8 ah 7 [STB 0 dole eae OP ao ea \ A) 

Pass PAS aie Lo 5 0 FOROS choo 4 vf? | A Ma a) 
CRIES 6 BRB eo Bo 8) BR ae Leo & é of RET 
hee ton hay Segue Ma i TR Pa OY b @ YD GD - 

ee AS oP et Le pe ie Ge oe ee ae i a NS Da ot CE ga Rae aa? A | ae BT NPS RBI! CS Oe OSS BEER of $o NCE 
RIE go) ARE eR BR SO ger eh QED 

er NY OR BN KERN ON St Oa SS 6% Sd =e 
Na AROME SS oul Gp NR ok ae. 

ETS SUR og Br Po Kei fs 
a Ie BS Ros 28 e/ w os | 

TSE ER Te Be atte et S| 
“ae! Cpa BEB Ie. SOR eo ON 8 e Smee LS 

2 | Sh OS 8) a ge 0% sts® — 2-0 Gof o 
| NE pe FO tel Bice” P-BBe ete ig KBP ‘ 

poe ‘ op ROT a og To Rios? | 
Dg 18% OP ons RSD 

eae PS ye NS so 
ein aa resiaon 4\S Bae ee A abe tore, . | 

BS gprbe epee Sah here 28 A : | poe, POP BB OTPNR RE ice Ne SEs ( 
PRI Ns Fock A 5 PRD BY PERO Neer 

NM bes SQ Sop, PG hgeeouee 7 Re | Range of the northern pike 
| w VOR “YS SRN ree aah kh | . i 

| RAS § SRT + SS oO we Ow ) re | @ Specimens examined 

sol wa Seuy ical RST SNe | A. Wisconsin Fish Distribution Study (1974-75) 
/ Yi Pa Sony lp Cao OR a | © Literature and reports 

| sox lucius eee ob )f fe j) | O Greene (1935) 

The northern pike inhabits cool to moderately 2400 hr (Franklin and Smith 1963, Carbine 1942). 
warm weedy lakes, ponds, and sluggish rivers. In a Spawning sites are located in shallow, flooded marshes 
number of Wisconsin collections it is a common resi- associated with lakes or with inlet streams to those 
dent of most medium- to large-sized lakes with inlet lakes. Spawning runs into a slough in Minnesota oc- 
streams. Its frequency in streams of various widths curred at water temperatures between 1.1 and 4.4°C 
was: 1.0-3.0 m wide, 13%; 3.1-6.0 m, 9%; 6.1-12 m, (34 and 40°F), but 2.2-2.8°C (36-37°F) was the pre- 
14%; 12.1-24.0 m, 30%; 24.0-50.0 m, 27%; and more ferred temperature range (Franklin and Smith 1963). 
than 50 m, 7%. In streams it was present in quiet There is general agreement that northern pike con- 
pools to fast currents. Frequencies of substrates re- gregate in spawning areas a few days before spawn- 
ported for this species were sand (27%), mud (21%), ing actually occurs. Apparently temperatures, daily 
gravel (18%), rubble (11%), silt (10%), boulders (9%), light intensity, and the presence of suitable vegeta- 

detritus (4%), and clay (1%). It is present in areas of tion work together to stimulate spawning. The 
light to dense aquatic vegetation, and has been cap- spawning habitat is basically a flooded area with 
tured over a wide range of turbidity, although it is emergent vegetation. Grasses, sedges, or rushes with 
much more common in clear and only slightly turbid fine leaves appear to make the best substrate for egg 
water. deposition. 

Certain characteristics of the spawning population 
from Gilbert and Big Cedar lakes (Washington County) 

BIOLOGY were noted by Priegel and Krohn (1975): (1) Males 

Spawning may occur from late March to early April, tended to move into and out of the spawning area 
as soon as the ice begins to break up in the spring. faster than females. The average sex ratio ranged 
Migrations into the spawning areas take place during from 1 female to 2.0-2.3 males. (2) As the run pro- 
the night; the peak of the run is between 2100 and gressed, the average size of males increased; after the
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peak, their size decreased. The size of female north- type membrane on the top of the head. With absorp- 
ern pike showed no such trend. (3) Fecundity was tion of the yolk-sac the survival of the young be- 
roughly proportional to the weight of the female comes dependent upon the availability of plankton 

northern pikes sampled. There was an average of food. 
10,300 eggs per pound of fish. (4) Immigration into Feeding begins about 10 days after hatching when 
the spawning areas began in mid-March, with major the fish reach a length of 11-12 mm. As with all spe- 
spawning activity occurring from late March through cies, northern pike young are highly dependent 

early April. Peak emigration took place in early April, upon plankton pulses when they first hatch; early 
but continued through early May. In Minnesota, developing plankton species such as Polyphemus are 
Franklin and Smith (1963) observed spawning only important to their welfare (Threinen et al. 1966). In 
between 1400 and 1800 hr, at surface water temper- Minnesota the principal food items taken include cla- 
atures of 11.1-17.2°C (52-63°F). docerans, copepods, and insects (especially Tendipe- 

"The spawning act involves a female and from one didae larvae and Ephemeroptera and Zygoptera 
to three attendant males. Clark (1950) described the nymphs) (Franklin and Smith 1963). Insects become 
spawning act: A spawning group moves slowly; the more important in the diet after fish reach a length of 
female is generally slightly in front of the males, but 20 mm. Cyclops are replaced by scuds (Hyalella spp.) 
often the males are adjacent to her. Just prior to at a fish length of about 45 mm. Small fish soon be- 

spawning the group slackens its speed and each male come part of the northern pike’s diet and, after mi- 
moves into position with its urogenital opening on grating back to the lake, become the preferred food. 
about the same line as that of the female. Each male Among these are darters (most common), bass juve- 
curves the caudal portion of its body outward and niles, small perch, killifish, silversides, and minnows 

brings it against the female with a slap. All then dart (Notropis spp.). 
forward from the spawning site. In Minnesota, the average increment in total length 

Each spawning act is accompanied by the shed- of pike expressed in mm/day was: 0.5 mm—0-20 
ding of 5-60 eggs. The actual spawning act takes from days; 2.0 mm—20-50 days; 1.0 mm—50-90 days 
3 to 10 seconds, and is repeated about once a minute (Franklin and Smith 1963). In Michigan the average 

for as long as an hour (Breder and Rosen 1966). Priegel daily increase in the length of young pike was 1.8 
and Krohn (1975) noted that after spawning many of mm per day during the first 82 days after hatching in 
the fish had gashes on their bodies and their fins were 1939 (Carbine 1942). In Gilbert Lake (Washington 
badly frayed. Some died after spawning. County, Wisconsin), young northern pike attained an 

In the Murphy Flowage (northwestern Wisconsin), average total length of only 44 mm 54 days after 
Snow (1958) estimated that 600 northern pike will hatching (Priegel and Krohn 1975). 
dispense about 9 million eggs. The smallest female When fingerlings average 20 mm (18-24 days after 
contributes about 8,000 and the largest about 100,000 hatching), they emigrate from the spawning marsh 
eggs. Due to predation on eggs and the young by into the lake or river. Spawning marshes function 
insects and other fish, including the northern pike successfully as nurseries only with proper water lev- 
itself, their number is reduced by well over 99% els. Water is required in spawning marshes for at 
within a few months; only about 18,000 young re- least 3 months after egg deposition for the best sur- 
main alive by the end of the summer. vival rate. 

Eggs may be deposited in water only 152-254 mm Growth of the northern pike is especially rapid 
(6-10 in) deep (Threinen and Herman 1958), on vege- during the first and second years of life. 
tation to which they adhere. At deposition the eggs In Murphy Flowage of northwestern Wisconsin, 
are 2.3-3.2 mm diam, amber, and have no visible oil northern pike during the second year of life attain 
globules (Kleinert and Mraz 1966). Eggs hatch in lengths of 330-610 mm (13-24 in) (Snow 1958). Av- 

12-14 days, depending upon water temperatures; erage age-III fish are 635 mm (25 in) long, with some 
from 210 to 270 degree-days above 32°F (0°C) are re- as long as 762 mm (30 in). An age-VII fish is about 
quired to bring the embryos to hatching. Water tem- 1.02 m (40 in) long and weighs 8.17-9.07 kg (18-20 Ib). 
peratures in nature during egg development usually At a length of 457 mm (18 in) a northern pike 
vary from 7.2 to 15.6°C (45 to 60°F). weighs 600 g (1.32 Ib); at 762 mm (30 in), 3,000 g (6.6 
Newly hatched northern pike vary from 6.5 to 8 Ib). The female grows faster and larger than the male. 

mm. These prolarvae do not have a developed mouth A male may mature in 1 year, always in 2, and the 
and remain in this stage from 4 to 15 days, quiescent female matures in 2 years, always in 3. The size at 

on vegetation or near the bottom (Franklin and Smith maturity varies. In most lakes, males mature at 406- 

1963). They adhere to vegetation by using a sucker- 457 mm (16-18 in), and females at 508-559 mm (20-
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Age and Growth (TL in mm) of the Northern Pike in Wisconsin predominant prey species, the pike appeared to se- 

Northern Sturgeon Bay —_—_L. Mendota Plover R. lect the perch, a more cylindrical species. Johnson 
Wiseansin Reon ane eo homage Cou} noted that the body depth of a forage fish is its criti- 

Age ee ( ae 7 ‘ 1940). aaa fan cal measurement, and that 84% of the items found in 

¢ »¥e 4s Seo eo” all northern pike stomachs were between 13 and 38 

2 351 429 541 438 mm (0.5 and 1.5 in) in depth. The length of the for- 
3 442 584 683 586 age fish does not seem to be a critical factor in the 

Z 2 are ae a predator's ability to swallow it. But occasionally large 

6 612 795 922 northern pike are found to have choked on prey too 
7 668 828 963 large to swallow. 
3 G68 ies The food of northern pike 381-660 mm (15-26 in) 

———_—_—————L ee long in a central Wisconsin trout stream was 54% trout 
(rainbow and brown trout, avg 168 mm [6.6 in] long). 

Other items in decreasing order of importance were 
mottled sculpin, white sucker, blacknose dace, cray- 

22 in) (Threinen et al. 1966). In the Black River near fish, and muskrat (Hunt 1965a). 
the Onalaska Spillway, ripe males ranged in length Some fishes eaten by northern pike are brown bull- 
from 279 to 864 mm (11 to 34 in), with the majority head, pumpkinseed, yellow perch, golden shiner, 

falling in the 483-711 mm (19-28 in) range; females fathead minnow, northern redbelly dace, white sucker, 
ranged from 508 to 914 mm (20 to 36 in), with the blacknose shiner, central mudminnow, Iowa darter, 
majority 508-711 mm (20-28 in) (Finke 1966a). In Pool and brook stickleback (Lagler 1956). In one report, an 
8 of the Mississippi River, ripe males averaged 617 813-mm (32-in) northern pike had swallowed another 
mm (24.3 in), while ripe females averaged 630 mm _ _ pike 457 mm (18 in) long. Other vertebrates known 
(24.8 in) (Wright 1973). to have been eaten by northern pike include ducks, 

The data indicate that the growth rate of northern red squirrels, sandpipers, moles, shrews, mink, 
pike is decreased by any reduction in oxygen concen- fully grown muskrats, frogs, and a blackbird. An un- 
tration. Below about 3 ppm there is decreased food usual insect-feeding northern pike has been reported 
consumption and decreased food conversion effi- from Lac Brochet, Quebec (L. D. Johnson 1969). 

ciency (Adelman and Smith 1970). The gastric glands in the northern pike’s stomach 
Northern pike usually live about 7 years, although secrete hydrochloric acid and pepsinogen, effective 

some have approached the age of 25 in nature. In in combination to split large protein molecules. In 
captivity, they have lived to 75 years (Lagler et al. typically carnivorous fishes such as the northern 
1977). pike, gastric acidities of pH 2.4-3.6 have been mea- 

The northern pike is one of our larger fishes, and sured (Lagler et al. 1977). 
every year fish in the 4.5-9.1-kg (10-20-Ib) class are Northern pike feed almost entirely during the day- 
caught. A 17.2-kg (38-Ib) fish was taken from Lake time. This species is known as a sight feeder with a 
Puckaway (Green Lake County) on 6 August 1952, peak feeding temperature of 18.9°C (66°F). Feeding 

and a 20.4-kg (45-Ib) pike was taken from Fox Lake methods are described by Threinen (1969:2): 
(Dodge County) on 15 July 1907. A 20.9-kg (46-Ib 2- oo . . 
oz) northern pike was reported from Sacandaga Res- . . . Observations indicate northern. pike usually locate in 
ervoir in New York State on 15 September 1940. some type of concealment from which they dash out after 

Early in its life the northern pike becomes a vora- unsuspecting prey. No doubt they. alsormake: feeding for: 
. . 2 ays, slowly moving about looking for unsuspecting schools 

cious feeder on fish and other vertebrate animals. In of fish when they are hungry. Such behavior is not specifi- 
Lake Geneva, Wisconsin, of 14 pike weighing from cally detailed in available literature, but has been inferred 

1.4 to 4.5 kg (3 to 10 Ib), 13 contained cisco exclu- from extensive angling observations and skin diving sight- 
sively and 1 contained mimic shiners exclusively. The ings. 

stomach contents of 13 smaller pike weighing 0.6- 
1.4 kg (1.25-3 Ib) contained cisco, mimic shiners, The species is not known to be a wary fish. The 
yellow perch, a smallmouth bass, a rock bass, an un- small size of the brain (130s of weight of the body), 
identified centrarchid, and a crayfish (Nelson and as compared with animals higher on the evolutionary 
Hasler 1942). scale, supports this observation (Threinen et al. 

In the Murphy Flowage northern pike fed on blue- 1966). 

gills, perch, minnows, and crappies, in that order Many anglers believe that northern pike shed their 
(L. D. Johnson 1969). Although bluegills were the teeth in the summer because they bite less frequently
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then, but this is not true. Investigation has shown midsummer, northern pike seek cooler waters near 
that the teeth are not shed entirely at any one time. spring inlets or seeps. They are most active when 
Worn-out or broken-off teeth are replaced as they are temperatures range between 12.8 and 23.3° C (55 and 
lost by new ones, which grow alongside the larger 74° F). When northern pike acclimated at 25.0, 27.5, 
ones. In August the northern pike does not bite well and 30.0° C (77, 81.5, and 86° F) were exposed to le- 
because food production is then at its peak for the thal trials between 32.0 and 35.3° C (89.6 and 95.5° 
year and they are consequently well fed; at this time F), they would not feed, and most of the longterm 
they are also likely to seek the cooler and deeper wa- deaths at the lower test temperatures seemed to be 
ters (Eddy and Underhill 1974). due to starvation, as indicated by their emaciated ap- 

The depth distribution of this species is variable pearance at death (Scott 1964). 
from one time of the year to another. During the win- Privolnev (1963) has noted that the northern pike 
ter period they were taken at all depths in Lake Men- has an increased oxygen threshold in warmwater: 
dota, and in the spring they were taken between 1.5 0.72 ppm at 15°C (59°F), and 1.4 ppm at 29°C (84.2°F). 
and 5.8 m (5 and 19 ft) (Tibbles 1956). During the In winter, northern pike are quite tolerant of low oxy- 
summer they occur just off the sand bars at 5.5-7.6 m gen conditions and will withstand levels as low as 0.3 
(18-25 ft) in the lakes of southeastern Wisconsin. In and 0.4 ppm (Cooper and Washburn 1949). However, 
Lake Geneva, Nelson and Hasler (1942) noted differ- they succumb to winterkill when the oxygen is de- 
ential distribution with respect to size: small north- pleted (Hanson 1958). 
ern pike were found at 3.1-6.1 m (10-20 ft), medium- Supersaturation of oxygen is equally fatal. In 1940 
sized fish at 6.1-12.2 m (20-40 ft), and large fish (1.4 a sudden mortality of fishes, among them northern 
kg or over) at greater depths. pike, occurred in Lake Waubesa (Dane County). 

Through contraction of the gill chambers, water is Large, mature adults had damaged gills, with most 
jetted toward the tail and jet propulsion seems to filaments containing gas emboli large enough to 
constitute an important part of the thrust for speed block the capillaries and to obstruct blood flow. Death 
in the northern pike’s take-off from rest (Lagler et al. was due to respiratory failure (Woodbury 1941). 
1977). This species has been recorded moving at 4.7 Northern pike have also been known to succumb to 
km/hr (2.92 mi/hr). The northern pike travels exten- summerkill, and perhaps to algae-produced toxins. 
sively; planted fish have appeared in the lower Fox Mackenthun et al. (1948) noted a mass fish mortality, 
River 36-57 km (22-35 mi) below the upriver lakes which included northern pike, on the Yahara River 
where they were released (Priegel 1968a). Snow (southcentral Wisconsin) as a result of the decompo- 
(1974a) noted that 25-30% of the northern pike sition of algae in early fall. 
stocked in Murphy Flowage went over the flowage Fish associates of northern pike include the many 
dam to downstream areas. Further analysis indicates fishes found in Wisconsin marshes, lakes, and streams. 
that such movement may be a density adjustment to The list includes virtually all of the warmwater fishes 
avoid overpopulation. and most of the coldwater fishes, except those in the 

In a tagging experiment with northern pike on the Great Lakes which dwell in the deepest and darkest 
Black River (LaCrosse County), 92% of the returned waters. 

tags were taken in the Black River within 8 km (5 mi) 

of the tagging site (Finke 1966a). The longest re- IMPORTANCE AND MANAGEMENT 
corded movement was 34 km (21 mi) downstream to Both perch and small minnows prey on recently 
the vicinity of Stoddard. Another fish traveled 32 km hatched northern pike (Hunt and Carbine 1950, Car- 
(20 mi) up the La Crosse River to West Salem. Re- bine 1942), and bluegills have preyed on northern 
sults of the study indicate that northern pike congre- pike fingerlings in a slough outlet (Franklin and 
gate below the Onalaska Spillway prior to spawning, Smith 1963). Silver lamprey attach themselves to the 
spawn in the marshes near the spillway, and remain northern pike, particularly in river situations, and 
mostly in the Black River until late summer. Krohn sea lamprey attacks have been noted in the Great 
(1969) noted that northern pike disperse rapidly soon Lakes. The northern pike is a host to the glochidial 
after stocking. stage of the mollusk Amblema plicata (Hart and Fuller 

For sustained growth and survival in northern 1974). Hatchery populations, and presumably wild 
pike, the mean water temperature should not exceed fish, are susceptible to the bacterial disease furuncu- 
the optimum temperature. This increases from 21° C losis (Aeromonas salmonicida). 
(69.8° F) upon hatching to 26° C (78.8° F) for juvenile Northern pike are popular with Wisconsin and 
pike (Hokanson et al. 1973). As lake waters warm in out-of-state anglers, closely following the popularity
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of walleyes and largemouth bass. Northern pike bite A key management problem with northern pike 
readily and are a highly prized catch. Catch data has been expressed by C. Brynildson (1958:9): 

vom eoeonett lakes! anid adjoining states Sndicate Probably no other Wisconsin game fish has been more 
at sport fishermen catch up to 50% of the popula- rf ly affected by i d shoreline “i ts” 

ti t at th b Pe . f Th é adversely aliecte y increased shoreline IMpProvemen Ss 

HON PFEsent at We PES Uns Of a season (Threinen on many of our lakes than the northern pike. Gone are 
and Herman 1958). In fact, the pike’s biggest preda- many of the large northern pike spawning runs that oc- 
tor is man, who will even poach the spawning fish curred every spring into the adjacent marshes and flooded 
by spearing them in shallow water (Threinen et al. lowlands in southern Wisconsin. 
1966). Why? Because spawning grounds have been destroyed. 

Northern pike feed continuously during the day- Northern pike waters today are confined mainly to the 
light hours, so fishermen would likely find one time north and isolated lakes in the southern part of the state 

of day as good as any other for catching them. Small which still have good spawning marshes. The greatest loss 

minnows and midwater lures are the most successful of pike spawning grounds has taken place in the south- 
baits. In a 9-year study, spoons and spinners were eastern tier of counties, where the demand for lake front- 

the most successful artificial lures (L. D. Johnson age is greatest. 

1969). Ice fishing produces excellent northern pike Concern has been shown over the destruction of 
yields. The best seasons for pike fishing are late northern pike spawning grounds through environ- 
spring and early summer, late summer and fall, and mental alterations, including dredging and filling op- 
early in the winter soon after ice forms. erations (Borgeson and Tody 1967, Threinen et al. 

Northern pike are tasty and have flaky, white flesh. 1966, Threinen and Herman 1958, Threinen 1969, 
Except for the Y-shaped bones—which mar even the Fago 1973). 
fillets—they present a high-quality meat. When In areas where the habitat has already been lost, 
chunks of a freshly caught fish are dipped in pancake the construction of northern pike spawning marshes 
batter and deep-fat fried, even the bones cannot de- may be effective in restoring the population. At- 
tract from the flavor treat. Unfortunately, in evalu- tempts to manage Perrys Marsh, adjacent to Lake 
ating cooked northern pike from water affected by Ripley (Jefferson County), for northern pike produc- 
paper mill wastes, a taste test panel found them to tion resulted in small numbers (218/ha/yr) of pike 
have undesirable flavors and aromas in three of four (Kleinert 1970); low zooplankton food levels may 
seasons (Baldwin et al. 1961). In central Wisconsin, have been responsible for this low production. In the 
the Wisconsin River carries large amounts of paper Pleasant Lake marsh (Walworth County), annual pro- 
mill wastes which have contaminated the flesh of all duction varied from 131 to 1,312 fingerlings per hec- 
fish, including northern pike. However, recent ef- tare (324 to 3,243/acre) (Fago 1977). Production and 
forts to treat the paper mill wastes before they are re- growth were better in this marsh than in some natu- 
leased to the stream have resulted in some improve- ral marshes; the survival rate of 2.6% (12,000 finger- 
ment in the edibility of the fishes from those waters. lings) from the estimated deposition of 446,000 eggs 
Commercial fishing for northern pike occurs in was nine times higher than the .03% reported from 

Green Bay, primarily off the western shoreline. In 1973 some completely natural marshes in Michigan. 
the commercial harvest was 14,180 kg (31,262 Ib), A northern pike habitat is created when a small 
valued at $5,962 (Poff 1974). In 1974 the harvest de- stream is converted into a lake. Since impoundments 
creased to 10,299 kg (22,705 Ib), valued at $5,694 (Wis. always have extensive shallows and marshy spawn- 
Dep. Nat. Resour. 1976). Fyke nets account for two- ing habitat, they are invariably good northern pike 
thirds of the reported catches. Northerns are also habitats (Threinen 1969). 
taken in large-mesh gill nets. The development of a strain of northern pike 

The northern pike is no longer a commercial spe- which does not require flooded marshes for spawn- 
cies in the Mississippi River fishery, but it is a consid- ing may relieve the spawning problem where flooded 
erable factor in the sport fishery there. In 1967-1968 marshes have been depleted. 
the projected sport fishery catch in Pools 4, 5, 7, and Normally the northern pike is present in natural 
11 was 22,208 fish weighing 42,663 kg (94,054 Ib) environments in low densities. The population of 
(Wright 1970). The average weight per fish was an northern pike was estimated to be between 1,400 and 
estimated 1.92 kg (4.24 Ib). The northern pike dimin- 2,500 mature fish (20-35/ha, or 8-14/acre) in different 
ishes rapidly in numbers in the lower pools; the esti- years at the Murphy Flowage, a 73-ha (180-acre) shal- 
mated catch for Pool 11 near the southern state line low impoundment in Rusk County. The standing 
was a mere 308 fish weighing 419 kg (924 Ib). crop ranged between 17 and 28 kg/ha (15 and 25 Ib/
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acre). At Cox Hollow Lake, a newly flooded im- is exceeded by stocking or other factors, competition 
poundment in Iowa County which had not been develops and is manifested through events such as 
opened to fishing, a population of 3,896 (101.5/ha, or increased natural mortality or poor growth that tend 
40.6/acre) and a standing crop of 56.4 kg/ha (50.3 Ib/ to restore a more suitable density of northern pike. 
acre) were reported (Threinen et al. 1966). The Plover In waters containing an excellent natural northern 

River (central Wisconsin) held an average population pike population, stocking is not necessary and if 
density of 54 fish (28.9 kg) per hectare (Paragamian stocked, the return to the angler is low. Priegel 
1976a). (1968a) reported that anglers recaptured only 8.7% of 
Wherever present, the northern pike is a key the fish released in Lake Poygan, and 4.3% of those 

predator of anything of size which moves in or on released in Lake Butte des Morts, over periods of 3 
the water. It has been estimated that, in good water- and 2 years respectively. 
fowl marshes, predation by pike may destroy 4.3 At the present time the northern pike is the biggest 
young waterfowl per hectare (1.7 per acre). In prime threat to the future of Wisconsin’s muskellunge. His- 
Canadian delta areas (Saskatchewan River and Atha- torically the lakes and rivers of the highlands of 
baska River) the destruction of young waterfowl by northern Wisconsin have been muskellunge domain. 
pike may amount to 1.5 million individuals per year, Threinen and Oehmcke (1950) explained: 

or 9.7% of the average annual production of these Waters like the Island Lake chain in Rusk county are now 
areas (Solman 1945). dominated by the northern pike, whereas 15 years ago a 

Attempts to use northern pike to control fish pop- northern could not be caught there. Lac Court Oreilles now 
ulations, particulary panfish like the bluegill and yel- has northern pike. In the north-central part of the state the 
low perch, have intrigued the fish manager. The re- tremendous Flambeau flowage, Manitowish chain and the 
sults were reviewed by Beard (1971). Control of Pike Lake chain in the Flambeau drainage have north- 

bluegills by the introduction of northern pike has had CENIS? wivere 

limited effect in some instances and moderate suc- It is suspected that competition between these spe- 
cess in others. In many instances the presence of the cies occurs soon after hatching. Northern pikes hatch 
northern pike was not sufficient to keep the panfish out about 2 weeks earlier and grow faster than the 

population in balance, and panfish stunting per- muskellunge. It has been suggested that the larger 
sisted. Snow (1974a) noted that the northern pike northern pike fry turn on the smaller muskellunge 
should not be stocked to control stunted bluegills. for food. In a pond stocked with 25,000 northern pike 

Such control is unlikely to occur, because once blue- fry and 25,000 muskellunge fry, 402 northern pike 

gills are so abundant that their growth is stunted, the and only 4 muskellunge remained about a month 
number of predator fish needed to control them is later. 
apt to be higher than the carrying capacity of the wa- Concern with the probable adverse effect of north- 
ters involved. ern pike populations on muskellunge has resulted in 

Stocking of northern pike in waters which already the establishment of liberal bag limits for the pike. In 
have sizable populations will have a number of ad- the early 1950s a year-round northern pike fishing 
verse effects (Snow 1974a:18): season, with a bag limit of 25 fish a day, was opened 

1. Competition between stocked and native pike may on 18 choice muskellunge lakes in Price, Sawyer, 

force the stocked pike to move out of an impound- Rusk, and Oneida counties. In recent years the ten- 
ment or drainage lake. Unintentional movement into dency has been to observe liberal bag and size limits 
downstream, areas ‘where’ pike’ are ‘riot needed ‘or on northern pike, except in those counties of the 
wanted may do more harm than good. heast ter of the state where populations 

2. Overstocking or high densities of pike may increase sout eastern quarter © POP < 
the susceptibility of these fish to parasitic infection or are seriously depleted. Study of the 18-in (46-cm) size 
exceptionally high mortality from other causes. limit on northern pike has indicated that in some wa- 

3. Heavy stocking of pike into waters where native pike ters this limit did not accomplish its intended pur- 
are already present may have an unfavorable effect on pose, and that it is not generally an effective manage- 
angling success. ment technique (Snow and Beard 1972). After the 

Snow suggested that after stocking, the total den- size limit was established in Bucks Lake (Rusk 
sity of large fingerlings (254-457 mm, or 10-18 in) County), the total catch of northern pike (including 

should not exceed 20/ha (8/acre). Krohn (1969) sug- sublegals) declined by 29%, and the catch of northern 

gested the food and space available to support north- pike over 46 cm (18 in) long decreased by an esti- 
ern pike is limited in most waters. When this capacity mated 55%.
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Muskellunge pupil. Lower jaw with large, strong canines (peglike 
posteriorly) and short, sharp, recurved brushlike 

teeth on roof of mouth and tongue. Sensory pores on 
Esox masquinongy Mitchill. Esox—an old name for the undersurface of lower jaw (mandibular pores), usu- 

pike in Europe; masquinongy—in Cree “mashk” ally 6-9 on each side. Gill rakers reduced to sharp, 
means deformed and “kinonge” is a pike. toothlike structures. Branchiostegal rays 16-19 on 

Other common names: Great Lakes muskellunge, each side. Scales small cycloid, lateral series 147-155 

Ohio muskellunge, Wisconsin muskellunge, (130-157); lateral line complete. Principal dorsal rays 
muskie (musky), lunge, northern muskellunge, 15-19; principal anal rays 14-16; pectoral fin rays 
leopard muskellunge, maskinonge, tiger mus- 14-19; pelvic fin rays 11-12; all of these more or less 

kellunge (generally reserved for the muskel- rounded on edge; caudal fin moderately forked, tips 
lunge X northern pike hybrid). pointed, at least more so than in northern pike. 

Chromosomes 2n = 50 (McGregor 1970). 

Silvery background with dark, variable markings, 
Ss often as oblique stripes, spots, or blotches, or even 

a ee with scarcely any markings. Belly white with small 
aa ’ _ cn spots. Fins green to red-brown with dark blotches. 

Young (less than 150 mm) with broad scalloped bars 

of olive green along sides and gold mid-dorsal stripe 
Immature 80 mm, North Twin L. (Vilas Co.), 18 June 1977 on back; belly white. 

Hybrids: Tiger muskellunge, the muskellunge x 
northern pike hybrid, is a naturally occurring form in 
several large lakes (Lac Vieux Desert, Big St. Ger- 

=< j A maine, and Plum lakes of Vilas County; Tomahawk 

iS ve : ee, and Minocqua lakes of Oneida County) where the 

e ET pT ace northern pike has entered the native fishery. An es- 
“eee Wares” timated 40-50% of the “muskellunge” caught an- 

¥ = nually from Lac Vieux Desert on the Wisconsin- 
e Michigan boundary are natural hybrids (Oehmcke 

=a eye , g 1969). The males are always sterile, but females are 
cs os Te en SP often fertile. A description of the young and adult 

Eee sane cn f-sate oan a tiger muskellunge, along with illustrations of hy- 
p RRO ee ee brids, parent species, and backcrosses between hy- 

® : brid females and northern pike are provided by Black 
’ and Williamson (1946). 

— a ' Natural hybridization between the muskellunge 
SSS a 4 and the northern pike is rising in muskellunge wa- 

i ; ters where northern pike are now present. This 

ys —— SX crossbreeding of native species is of definite manage- 
NY ment concern and needs research attention (Oehmcke 

1969). 

Wisconsin muskellunge (top), northern pike (middle), and mus- An artificial muskellunge x grass pickerel hybrid 
kellunge-northern pike hybrid (bottom) (Wisconsin DNR photo) has been produced in Ohio (Tennant and Billy 1963). 

DESCRIPTION SYSTEMATIC NOTES 
Body elongate, moderately compressed laterally, Three subspecies of muskellunge have been recog- 
somewhat flattened dorsally. Average length ap- nized: E. m. masquinongy (spotted)—St. Lawrence 
proximately 813 mm (32 in). Greatest body depth into River, the Great Lakes and tributaries; E. m. immacu- 
TL 6.1-9.7. Head length into TL 4-4.3; top of head latus (no pattern or barred)—Wisconsin, Minnesota, 
unscaled, cheeks and opercles usually scaled on top northwestern Ontario, and southeastern Manitoba; 
half only. Snout long into head length 2.1-2.3; snout and E. m. ohioensis (barred or diffuse spots and 
flattened dorso-ventrally, duckbill-like. Mouth large, blotches)—Ohio River and tributaries. Of these, the 

maxillary extending to midpoint or posterior edge of first two have been ascribed to Wisconsin by Greene
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(1935). Greene applied the name “tiger muskel- 126,284 ha (312,048 acres), hold this species (Wis. Dep. 
lunge” to E. m. immaculatus, but in recent years this Nat. Resour. 1968a). About 25% of all muskellunge 
name has been assigned to the natural and artificial populations in Wisconsin have been created through 
hybrid with the northern pike. stocking (Oehmcke 1969). 

There is such variation in the markings and pat- Its presence in central and southern Wisconsin is 
terns of the muskellunge in Wisconsin inland and the result of widespread stocking of fry and finger- 
outlying waters that the tendency has been to treat lings; stocked waters include Pewaukee Lake (Wau- 
the complex as a single variable species. Taxonomic kesha County), Little Green Lake (Green Lake 
difficulties have been compounded as a result of fish County), Lake Wisconsin (Columbia County), and 
cultural activities and extensive plantings, and hy- Chain O’ Lakes (Waupaca County). Hybrid muskel- 
bridization has added to the confusion. lunge X northern pike have been stocked principally 

in nonmuskellunge waters of southern and central 
DISTRIBUTION, STATUS, AND HABITAT Wisconsin. 
The muskellunge occurs in all three drainage basins The muskellunge is common in the lakes and riv- 
in Wisconsin, but is most widely distributed in the ers in the headwater regions of the Chippewa, Flam- 
Chippewa, Flambeau, St. Croix (upstream to Trego beau, and Wisconsin rivers, and in the St. Croix River 
Dam), Black, and Wisconsin rivers of the Mississippi upstream to Trego Dam. It is rare to common in the 
basin. Its original inland range is given by Oehmcke lakes and rivers of central and southern Wisconsin, 
et al. (1965, updated 1977). In recent years no records and rare in Lakes Michigan and Superior. 
exist of this species from the Mississippi River be- Muskellunge typically occur in lakes with numer- 
low Lake Pepin. A total of over 700 lakes and flow- ous submerged weed beds, but sometimes are found 
ages and 43 muskellunge streams, comprising over in clear, sterile lakes with virtually no weeds. Large
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CARTOGRAPHIC LABORATORY, UNIVERSITY OF WISCONSIN—MADISON 

Past and present distribution of Wisconsin muskellunge (after Oehmcke et al. 1965; updated 

1977) 

lakes which have both extensive deep and shallow the north and south limits of the Wisconsin muskel- 

basins and tributary streams are preferred waters and lunge range, spawning occurs from mid-April to 

provide necessary forage and cover requirements. In mid-May, with the peak occurring early in the sea- 

medium to large rivers, muskellunge inhabit pools son. Spawning usually takes place in shallow bays 

and slower water. They are a shallow water form, over a muck bottom covered with dead vegetation 

usually found in less than 5 m (15 ft) of water, but and other detritus. Water depth is 15-76 cm (6-30 

occasionally they are found at depths of 12-15 m (40— in), and the optimum temperature is about 12.8°C 

50 ft). Cool water temperatures are preferred, rang- (55°F), but may range from 9.4 to 15.6°C (49 to 60°F). 

ing from 0.6 to 25.6°C (33 to 78°F), but muskellunge In Sawyer County lakes, Dombeck (1979) noted that 

can withstand temperatures up to 32.2°C (90°F) for the movement of muskellunge greatly increased in 

short periods. This species is more tolerant of low early spring before water temperatures began to rise. 

levels of oxygen than many other game fish species This suggests that factors other than temperature in- 

found in the same habitat (Oehmcke et al. 1965). fluence the onset of spawning. It is likely that a com- 
bination of environmental factors such as temper- 
ature, increasing photoperiod, and increasing oxygen 

BIOLOGY levels may initiate movement to spawning areas. 

The following account is derived largely from Spawning activity was observed between 1900 and 

Oehmcke et al. (1965) and Oehmcke (1969). Within 0300 hr.
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Oehmcke et al. (1965:5) provide the following de- cies: cold water temperatures (below 10°C) and fluc- 
tails: tuating water levels at spawning time, predation by 

. other fish and invertebrates (e.g., bluegills, perch, 
Eggs are deposited indiscriminately over several hundred rock bass, northern pike, several species of min- 

yards of shoreline . . . The male swims side by side with nows, diving beetle larvae, dragonfly nymphs, and 
the ae and Bes ae milt < eepoaited seaaliaie eee Baek swimmers) én. both eggs and fry, quantity and 
at intervals over the bottom. There is no parental care. . £ . 
Adult spawners return to the same event ground in size of live zooplankton and fish forage available for 
consecutive years. the muskellunge fry, and hybridization with the 

northern pike. 

Muskellunge: ftom:éa:te 135cam. (25 te ao In) pro- A lack of optimum conditions determined by these lim- 
duce 22,000-180,000 e88s about 3.2 mh diam (Galat iting factors appears to have a direct bearing on the survival 
1973). The number of eggs correlates with fish length of muskellunge from fry to maturity. Natural events occur- 
and weight—larger females produce greater num- ring in the early life of the muskellunge account for the 
bers of larger-sized eggs. An 18-kg (40-lb) female greatest mortality. Northern lakes are subject to severe cli- 
produced 225,000 eggs. matic variations during the spring months because of the 

Females can be induced to spawn by administer- latitude. Since muskellunge eggs and fry are extremely sen- 
ing pituitary extract (Hasler et al. 1940). Eleven fe- sitive to water-temperature fluctuations, they are affected 

male muskellunge captured below the dam on the adversely (Oehmcke et al. 1965:5). 

Chippewa River near Winter (Sawyer County) were The muskellunge grows most rapidly during the 
injected with 50 mg of acetone-dried carp pituitary first 3 years of life, after which time its rate of growth 
glands. Nine of the injected females spawned 3-4 gradually decreases (Schloemer 1936). Since it is dif- 
days after a single injection of carp pituitary, while ficult to determine the age of muskellunge as they get 
two were given two injections each and spawned older and larger, it is advantageous to use a number 
6 days after the first injection. The number of eggs of different aging methods for arriving at the best es- 
recovered from these 11 individuals ranged from timate. Three methods in common use are the scales, 
22,092 to 119,928. fin bones, and vertebrae; all three show characteristic 

Egg development varies with water temperatures year marks (L. D. Johnson 1960). Discussing the 
during incubation. The young muskellunge hatches problems entailed in aging this fish, L. D. Johnson 
within 8-14 days after fertilization in rising water (1971) noted that by the time the fish attain an age of 

temperatures ranging from 12.2 to 16.7°C (54 to 62°F). XII, the outside edges of the fin sections are so trans- 
Galat (1973) noted that at a constant incubation tem- 
perature of 13°C (55.4°F) most hatching occurs on the 
14th day and some on the 15th. A detailed develop- 
ment of the muskellunge from fertilization to hatch- 
ing (sac-fry stage) is described and illustrated by 
Galat. 

Only 6 days of incubation may be required at 20°C 
(68°F). Incubation at 3.9°C (39°F) results in 100% mor- : V 
tality by the end of 35 days (L. D. Johnson 1958). In IV 
the hatchery, muskellunge sac-fry are held in hatch- : . 
ing jars for an additional 10-14 days until the yolk- e ee Ml 
sac is almost gone and the swim-up fry have reached Go | rn as 
about 13 mm total length. At this point the fry are Vide Sy ie uak nes II 
transferred from hatchery jars to ponds which have eee ae | 
been fertilized and inoculated for zooplankton, such { Ly s San rh e au 
as Daphnia spp. Swim-up muskellunge begin to feed wor nF . EC de 

immediately on live forage zooplankton. After 4 days A ee Paes 
they prefer to eat live fish, if available. In hatchery Beis N)/ elf) 
ponds, sucker fry are introduced 8-10 days after the sae a 
muskellunge to ensure a desirable food source. Once Beir 
the fish-eating habit of the muskellunge begins, it he 
persists throughout life. : 

A number of factors limit reproduction in this spe- Muskellunge scale, age V (Wisconsin DNR photo)
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lucent and scale edges so eroded that outer annuli 4 years. These fish are stocky and heavy as a result of 
cannot be distinguished, making both methods of ag- abundant food. The excellent lakes are not usually 
ing inaccurate. At age X, less than 30% accuracy is native muskellunge waters, but lakes where muskel- 
obtained from fish of known age. To provide a more lunge have been introduced from hatcheries. Growth 
accurate estimate of the true length at the time of an- rates are rapid, but the muskellunge do not usually 
nulus formation, an adjustment of 76 mm (3 in), which live to old age; 12 years is about the maximum age 

signifies the length of the muskellunge at the time of for the excellent lakes, and we have no world re- 
scale formation, is added to the back calculated cords listed from them. In Little Green Lake (Green 

lengths. Lake County) stocked muskellunge reach 79.5 cm 

Muskellunge growth in length is quite rapid for the (31.3 in) at age III, and 117.9 cm (46.4 in) at age XII 
first 5 years. Thereafter, growth in weight is greater (Hacker 1973). The heaviest fish weighed 12.5 kg 
(Oehmcke 1965:8). (27.5 Ib). 

Female muskellunge are usually longer and heav- 
ier than males of the same age. Age-V females will be 

A I wr 76-152 mm (3-6 in) longer than males at that age. 
poet NO Sexual maturity is lly attained at IIL-V. y is usually attained at ages : 

atehed fy Es L. D. Johnson (1971) reported that some males in Bone 
2 months 104-178 8 (Polk County), Lac Court Oreilles, and Big Spider 
5 months 147-312 136-227 lakes are mature spawners at age III and some fe- 

aie eo hee as males are mature at age IV. All male muskellunge are 
5 years 457-1,041 907-7,711 mature at age IV and all females at age V. The small- 

10 years 813-1,321 3,629-14,969 est mature male was 495 mm (19.5 in) long and the 

ic eae ee 6,360-23,567 smallest mature female was 559 mm (22 in); both were 
a eee from Big Spider Lake. 

Greatest growth occurs in early summer (June) and 

Average calculated SL for northern Wisconsin mus- early fall (September) when available forage is at a 
kellunge at end of each year of life (Schloemer 1936) maximum and water temperatures are favorable 
is: 1—178 mm (7.0 in), 2—366 mm (14.4 in), 3—503 (about 20°C). For young muskellunge, it takes 5-7 kg 
mm (19.8 in), 4—620 (24.4), 5—716 (28.2), 6—792 of live fish forage to produce 1 kg of muskellunge. 
(31.2), 7—859 (33.8), 8—925 (36.4), 9—965 (38.0), The average age of most creeled muskellunge is 

10—1008 (39.7), 11—1046 (41.2), 12—1095 (43.1), 3-6 years. One known-age fish had reached the age 
13—1128 (44.4), 14—1158 (45.6), 15—1201 (47.3), of 26 years (L. D. Johnson 1975), while record fish 
16—1194 (47.0), 17—1258 (49.5), 18—1262 (49.7), 19— have been 30 years old or older. The largest record 
1298 (51.1). Wisconsin fish was 31.6 kg (69 Ib 11 oz), taken on 
Muskellunge growth is different in different lakes; 20 October 1949 from the Chippewa Flowage (Saw- 

the variability is so great that we may speak of poor, yer County). The accepted world rod-and-reel record 
average, and excellent lakes (L. D. Johnson 1965). In is a muskellunge just 113 g (4 0z) heavier (31.7 kg or 
some of the poor lakes, mature spawning muskel- 69 Ib 15 oz) taken from the St. Lawrence River on 
lunge may live to a maximum age of 8 years without 22 September 1957. An unofficial record, 133 cm and 
ever attaining the 30-inch (76-cm) legal size limit. 31.9 kg (52.5 in, 70 Ib 4 oz), was reported from 
Poor lakes are those with cold waters, low fertility, Middle Eau Claire Lake (Bayfield County) (L. D. 
and, as a result, low forage fish production. In Big Johnson 1954). 
Spider Lake (Sawyer County) no muskellunge reached In northern Wisconsin, Couey (1935) reported the 
76 cm (30 in) until age VIII (L. D. Johnson 1971). use of perch, darters, and chubs as food. Hacker 

In average muskellunge lakes the 76-cm (30-in) (1966) reported bluegills, minnows, and largemouth 

growth is attained within 5 years, and muskellunge bass from the stomachs of Little Green Lake muskel- 
live to a great age; there are many 8- to 15-year-old lunge; one 881-mm (34.7-in) muskellunge had a 318- 
fish. World record muskellunge have been taken mm (12.5-in) largemouth bass in its stomach. Gener- 
from some of the average waters. Lac Court Oreilles ally the literature calls attention to perch, suckers, 
(Sawyer County) muskellunge are 76 cm (30 in) long and small minnows as preferred fish food of muskel- 
at age V, and reach 104 cm (40.8 in) at age X. lunge. Cannibalism is common to muskellunge of all 

There are only a few excellent muskellunge lakes, sizes, and Parsons (1958) found a 406-mm (16-in) 
where a muskellunge may attain 76 cm (30 in) within muskellunge in the stomach of a 711-mm (28-in) fish.
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Occasionally muskellunge consume small musk- The behavior of the muskellunge has been sum- 
rats, ducks and shorebirds, shrews, chipmunks, go- marized by Oehmcke et al. (1965:4-5): 

phers, frogs, salamanders, crayfish, and large water : 
insects. The muskellunge are lone, sedentary fish that usually 

The feeding behavior of young-of-year muskel- lurk concealed among vegetation, near channels, bars or 
1 has'b b din P. 1958-10-11): near rocky ledges and shoals, ready to dart after prey. A 
uunge has been observed in Parsons ( rlO=11): specific home range appears to be occupied by individual 
... The young muskellunge showed considerable pa- muskellunge because of desirable food and cover. There is 

f 5 5 3 : « no roaming tendency unless food is in short supply. Migra- 
tience, skill and efficiency in capturing their prey. Usually ae & zs 

. ; 5 tion is limited usually to shallow marshy spawning areas in 
the young fish remained motionless along the shore’s edge, : : 
; ; : ; April and May, and to deeper waters after spawning. Mus- 
in patches of aquatic vegetation, aside submerged branches, . f 

: : kellunge are again found in shallow water from September 
or in patches of shade only to dart out and capture a fish . A 

; ‘ . through October. If the muskellunge makes his home in 
passing a few inches away. Almost all forage fish were : hex A 

: : 4 , A rivers, downstream migration occurs in the fall and up- 
grabbed in the middle, thoroughly ‘munched’ as evidenced ‘ fo 4 ‘ 

i 0 stream migration in the spring. Factors that influence be- 
by spewing scales, and swallowed end first. sd 

. . havior include water temperatures, water-level fluctua- 
. . . When feeding, small muskellunge would often remain : food 1 d ts of food 1 
15 minutes in one position whenever forage fish were near. Hons, 4ood!supplyand.movements:ol 100d: supply. 
Had the patience of the observer equalled that of the mus- Planted fingerlings 178-305 mm (7-12 in) will travel 
kellunge, probably longer interims would have been ob- 11.3 km (7 mi) from the point where they were intro- 
served. A young muskellunge often concentrated so in- duced in 1 week (L. D. Johnson 1963), generally along, 

tently on potential prey that at could be’ approached and shorelines. The fingerlings stop off at favorable habi- 
touched with a stick before showing alarm. It is probably u ‘ 

a tats along the way, in the same places where native 
under these conditions when young muskellunge are most j 5 ae : 
subject to predation or cannibalism. muskellunge fingerlings of similar size are found. 

Within 2 weeks, even in lakes as large as 2,000 ha 
Peak feeding temperature is 17.2°C (63°F), and (5,000 acres), all the suitable shoreline will have mus- 

feeding drops off in water temperatures above 29.4°C kellunge fingerlings. 
(85°F). Feeding is hampered by turbid waters because Mature muskellunge, captured on their spawning 

muskellunge depend primarily upon sight for the grounds and tagged, will spread out; they are caught 

capture of their prey. Muskellunge habitat in some at distances up to 16 km (10 mi) from the tagging site 

large rivers has been destroyed by increasing water (L. D. Johnson 1963). One record indicated a mini- 

turbidity (Oehmcke et al. 1965). Adult muskellunge mum straight-line travel distance of at least 40 km (25 
are unpredictable in their feeding habits, sometimes mi), passing from one lake through a channel into 
biting readily and at other times remaining inactive. another lake, within 1 week. The actual travel dis- 
As in the case of many other fish, they seem to be tance would probably have been far greater. 
most active in the early morning or late afternoon In northwestern Wisconsin, muskellunge whose 
and evening hours (Wis. Dep. Nat. Resour. 1968a). movements were being followed by means of radio 

Ina controlled feeding experiment, fingerling mus- transmitters attached to them showed peak move- 
kellunge (102-127 mm) were placed in aquaria and ment in the fall, followed by minimum movement 
fed minnows. Their daily intake of prey averaged ap- during the winter months (Dombeck 1979). Greater 
proximately 6.4% of their initial body weight. The av- activity was noted again in the spring, followed by 
erage gross conversion ratio of 2.73 approached that intermediate movement during the summer. One 

of northern pike, and was much lower than that of fish traversed half the length of Moose Lake (Sawyer 
either smallmouth or largemouth bass (Gammon County) four times in less than 1 month during the 
1963). fall; the same fish remained within a radius of 0.4 

Fish forage supplied in Wisconsin’s muskellunge km (% mi) during the winter. Activity was related to 
propagation program generally consists of white water temperature, with peak activity occurring at 8— 
sucker fry, naturally spawned bluegill fry, and natu- 10°C (46.4-50°F) and minimum activity at 0.2°C 
rally spawned fathead minnow fry (L. D. Johnson (32.4°F). During the summer tagged muskellunge 
1958). Other fish that have proven satisfactory as for- were never observed in water less than 21°C (69.8°F) 
age are brook stickleback and lake emerald shiners, and showed low activity in water temperatures above 
whereas black crappie and northern pike fingerlings 27°C (80.6°F). 
are undesirable because they grow too large to be Johnson observed legal-size muskellunge swim- 
swallowed by the muskellunge, and because they are ming in such unlikely places as among bathers at a 
predacious. beach. Movements have been tracked by following a
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bobber attached by a 3-m (10-ft) line to the back of 110,000, 1966—94,000, 1967—92,000. For that time 
the muskellunge. Muskellunge seldom submerged period, the estimated yearly catch was 101,000 legal 
more than 1.5 m (5 ft) during normal travel, even muskellunge. I consider these estimates to be high. 

though the bottom may have been 27 m (90 ft) be- Based on the available muskellunge water, the mus- 
low. By means of bobbers, muskellunge speed has kellunge life table, and estimated mortality, I esti- 
been paced at 1.6 km (1 mi) per hour, including two mate the yearly take of legal muskellunge at 30,000 
or three resting periods of 5-10 min during each to 32,000. From 20 to 30% of the total estimated har- 
hour. vest may be due to the stocking effort (Oehmcke 1969, 

In George and Corrine lakes (Vilas County), young Snow 1969, Hacker 1966). 
and yearling largemouth bass congregated in the The economic value of muskellunge fishing to re- 
same brush piles and beds of vegetation frequented sort, sporting goods, and associated businesses is 
by the muskellunge (Gammon and Hasler 1965). high. A study of Fine and Werner (1960) showed that 
Largemouth bass populations subsequently de- resident and nonresident fishermen spent an esti- 
creased, with virtually no bass surviving to the third mated $188.5 million in 1960. If the conservative es- 
summer of life, but the number of smallmouth bass timate of 10% of this figure represented spending by 
increased. Shortly after hatching, the smallmouth licensed fishermen who fished for muskellunge, the 
schools scattered, with individuals or small groups economic impact of the muskellunge fishery is quite 
moving into shallow water near shore, often in rocky obvious (Oehmcke 1969). 
or sandy areas, the smallmouth thus reduced contact The muskellunge is Wisconsin's most famous fish, 
between themselves and the muskellunge. and more has been written about fishing for the mus- 

Species associated with the muskellunge are nu- kellunge than for most other game fishes. Any legal 
merous; generally, they are the coldwater to warm- muskellunge becomes a trophy fish; there are thou- 
water fishes in northern Wisconsin lakes and streams sands of fishermen who spend hundreds of hours in 
where the muskellunge is found. In North Twin Lake search of such a prize. When it is caught, it is fre- 
(Vilas County) the yellow perch, common shiner, quently honored by being mounted at considerable 
logperch, pumpkinseed, and white sucker have been expense. 
taken with young-of-year muskellunge. 

In typical waters, the muskellunge lurk near the drop- 
IMPORTANCE AND MANAGEMENT offs from rock or sand bars in the middle of the lake, along 
Yous muskéllutise-are:preved on bynorthern:piké weed beds, in small weed-covered bays and in shady wa- 

8 8 ptsy: Y PIKE; ters close to shores that are fringed with overhanging trees. 

walleye, yellow perch, smallmouth bass, largemouth Casting or trolling over these areas is most rewarding 
bass, rock bass, and sunfishes, as well as other mus- (Oehmcke et al. 1965). 

kellunge. Scott and Crossman (1973) note that in 
hatchery situations, and possibly in nature as well, The muskellunge is a spectacular fighter, violently 
diving beetles, electric light bugs, and the large lar- twisting underwater, leaping out of the water to 
vae of some aquatic insects are significant predators shake the hook, or bulldogging the bottom like an 
on newly hatched muskellunge. Large muskellunge unyielding snag. Favorite lures are bucktails, spoons, 
are nearly free of predation except from poaching. and wobbling underwater baits. But in heavy weeds, 

During the 1961 season about 170 resorts and other surface lures retrieved with noisy and erratic action 
businesses in northwestern Wisconsin were asked to often entice an otherwise uninterested muskellunge. 
keep records of the muskellunge caught by their The most effective live bait is a sucker 23-36 cm (9-14 
guests or patrons. In all, 2,022 legal fish were re- in) long which is fitted to a harness. 
ported (Klingbiel 1962). A statewide survey of mus- In 1955 the Wisconsin legislature recognized the 
kellunge fishermen gave an estimated harvest of one muskellunge’s quality by designating it as the official 
fish for every 5.6 acres—a possible total harvest of state fish. Like television, movie, or baseball stars, 
47,700 from the state’s muskellunge water (Oehmcke the muskellunge has its avid fans. There are loner 
et al. 1965). The “Musky Marathon,” sponsored by muskellunge fishermen who fish only for this species 
the Vilas County Chamber of Commerce from 1966 and who do it in solitude—the more solitude the bet- 
to 1968, recorded a total of 4,510 fish weighing 24,500 ter. There are also those more gregarious in nature 
kg (53,966 Ib), or an average of 5.43 kg (11.96 lb) per who band together to fish for “Mr. Big” in competi- 
fish (Oehmcke 1969). tive fever. Muskies, Inc., has been formed to promote 

The muskellunge harvest has been estimated by and to perpetuate the sport of muskellunge fishing. 
Churchill (1968) as follows: 1964—110,000, 1965— A small group of muskie-struck fishermen from
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northern Wisconsin calls itself KMK (Killer Musky Muskellunge Life Table 

Klub) and publishes a newsletter biannually. Avg Number of 
Private fishing clubs exist in Wisconsin on private No. Alive at i Dying weno aia are atte 

lakes which hold natural or planted muskellunge. niga Bapiniing Vearee — (Bayinning of Beainnine at 
Under some membership rules, muskellunge may be Interval of Year Age Year Year of Life 
caught, but they also must be returned to ensure ac- 051 1000 42498 #42488 +14 
tion for other members. 1-2 114 5 44 7 

The muskellunge on a platter is the gourmet’s de- a4 abs a es 
light. Although the meat—like that of the northern 4-5 99 5 51 5.0 
pike—has rows of Y-shaped bones, these generally 5-6 94 29 308 3.2 
are large, easily extracted, and hardly detract from a 2 i ae 3 
the white, flaky, and firm meat. 8-9 36 10 277 33 

The artificial propagation of muskellunge in Wis- 9-10 26 7 269 3.2 
consin was initiated in 1899 at Woodruff. For more an a ; 28 4 
than 25 years little effort was directed toward rearing 12-413 13 4 307 25 
muskellunge beyond the sac-fry stage. Today the 13-14 9 2 222 23 
program is geared to producing large fingerlings, tae : = i 
ranging from 203 to 381 mm (8 to 15 in), for all high- 16-17 2 0 0 15 
priority muskellunge plantings. Present stocking 17-18 2 0 0 0.5 

procedures call for scatter planting whenever pos- 
sible to eliminate concentrations of small fish 
(Oehmcke 1969). Oehmcke noted that biologists and While hybrids supply a rapid return to the fishery, 
fish managers base their recommendations for the there are several disadvantages that must be consid- 
stocking rates for individual bodies of water on such ered. Hybrid muskellunge bite on live baits during 
factors as available forage, exploitation rates, and the winter months, when the season is closed, and 
general conditions of the fishery. When the actual hooked fish are invariably killed. They also bite well 
catch from a given lake is known, fingerling stock of during the summer and are particularly vulnerable 
twice the annual harvest is recommended; other- under legal size (Hacker 1973). As a result, many ti- 

wise, a standard rate of five fingerlings per hectare ger muskellunge are destroyed and do not become 
(2/acre) is used. part of the legal catch. 

The loss of stocked fish is rapid. The life expect- A number of problems persist in the muskellunge- 
ancy table in the next column shows how many rearing program. Supplying the demand for forage 
muskellunge remain alive after each year of life from minnows to feed young muskellunge is still the pri- 
an initial stocking of 1,000 fingerlings about 20-25 cm mary key to successful fingerling production. A basic 

(8-10 in) long (L. D. Johnson 1975:20). The large requirement is the feeding of proper-sized forage fish 
number of fish dying between years 5 and 10 reflects at each critical stage in fingerling development. The 
the take in the fishery. At age V the fish reach the fourth and fifth week of rearing have been identified 
legal length of 76 cm (30 in), and at that time there as one weak point in the muskellunge pond program 
are only 9.4% of the original number remaining. (Oehmcke 1969). 

Tiger muskellunge have been artificially hybridized Rearing costs rose from $14.65/kg ($6.66/Ib) in 1964 
in Wisconsin hatcheries since 1940. During 1976, to an estimated $22/kg ($10/Ib) in 1977, and probably 
164,926 fry and 33,341 fingerlings (the latter weigh- will continue to rise. The Wisconsin Department of 
ing 2,700 kg) were distributed in Wisconsin waters. Natural Resources has successfully used sewage 
Many hybrids have been stocked in nonmuskellunge treatment plant ponds for raising muskellunge fin- 
lakes in central and southern Wisconsin. This hybrid gerlings from 76 mm (3 in) to about 305 mm (12 in). 
is a hardy fish, shows greater thermal resistance than Such ponds can also be used to raise food for mus- 
either parent (Scott 1964), and exhibits phenomenal kellunge fingerlings. From 45 kg (100 Ib) of fathead 
growth. In Little Green Lake (Green Lake County), minnows stocked in a sewage treatment pond in 
hybrids 2.5 years old may be 838 mm (33 in) long Whitehall (Trempealeau County) over 3,270 kg (7,200 

(Hacker 1973). A tiger muskellunge weighing 22.79 Ib) of fatheads were harvested in 3.5 months (A. 
kg (50 Ib 4 0z) was taken on 28 June 1951 from Lac Oehmcke, pers. comm.). The use of sewage treat- 
Vieux Desert (Vilas County). ment ponds, and the help of outside groups sup-
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plying minnows for muskellunge food, could trim have northern pike. The two species appear to be in- 
expenses from rearing costs. compatible, and the northern pike is gradually re- 

Since muskellunge are among the largest of the placing the native muskellunge in many waters. To 
fish predator species, they are important in maintain- counteract this competition, management measures 
ing fish population balance. Studies by Gammon and have been imposed (Oehmcke et al. 1965): northern 
Hasler (1965) and by Schmitz and Hetfeld (1965) pike removal programs, heavy stocking of fingerling 
showed that increasing growth rates of perch were or yearling muskellunge to support muskellunge 
accompanied by decreases in their numbers after populations, and increased bag limits on northern 
muskellunge were introduced into two bass-perch pike in counties having numerous muskellunge wa- 
bog lakes in northern Wisconsin. In the same experi- ters. 
ment largemouth bass populations decreased mark- In Escanaba Lake (Vilas County), which was opened 
edly, due undoubtedly to predation from the muskel- to fishing under experimental regulations stipulating 
lunge. In another experiment, involving a stunted no size and bag limits and no closed seasons on any 
bluegill population (Clear Lake, Sawyer County), the species of fish, the muskellunge population re- 
stocking of muskellunge fingerlings resulted in good mained more stable throughout the study period 
muskellunge growth but had no apparent affect on (1946-1969) than populations of the other fish spe- 
the growth rate of the bluegills, although these were cies (Kempinger et al. 1975). Anglers harvested 550 
undoubtedly used by the muskellunge as forage muskellunge that weighed a total of 1,181 kg (2,604 
(Snow 1968). Snow suggested that when the density Ib). Muskellunge constituted 0.1% of the total catch 

of a bluegill population is above a certain unknown and 1.9% of the total weight harvested. From 1954 to 
level, predator stocking can exert little, if any, control 1969, the average annual muskellunge size varied 
on the population. In High Lake (Vilas County), from 546 to 742 mm (21.5 to 29.2 in), and 27% of 
Helm (1960) noted that after stocking yearling mus- those caught were 762 mm (30 in) or larger. The mus- 
kellunge there was improvement in the native mus- kellunge population was supported by substantial 
kellunge population, in walleye fishing, and in the plantings of fingerling and yearling fish. 
quality of perch taken. The current inland and boundary waters limits for 

A major problem associated with the muskellunge muskellunge—76-cm (30-in) size, and one fish bag 
stocking program is the 20-80% mortality which oc- per day—have been in effect for more than 30 years. 
curs within 3 weeks of stocking (Snow 1968). There The open season for muskellunge begins near the 
is evidence that muskellunge stocked in High Lake end of the spawning season in May, and extends un- 
were preyed on by other species of fish: the tag from til mid-November. The average muskellunge fisher- 
a muskellunge, 251 mm (9.9 in) long when stocked, man is far less successful than the average deer 
was taken from the stomach of a 1.13-kg (2.5-Ib) wall- hunter. Since the muskellunge never occurs in dense 
eye (Helm 1960). Although Island Lake (near Winter, populations and is intensively fished, Oehmcke et al. 
Sawyer County) in 1972 had the highest predator in- (1965) suggested that season bag limits be established 
dex (northern pike, walleye, bass) of any lake stud- for individual waters. Also, compulsory registration 
ied, it also had the highest survival (96%) of stocked of harvested muskellunge would provide needed 
fingerlings (L. D. Johnson 1974). Very heavy aquatic management information. 
vegetation cover in Island Lake appeared to lower I have suggested that muskellunge fishing be con- 
fingerling mortalities due to predation. tinued on a catch-and-release basis (Becker 1976). 

Enough circumstantial evidence exists to suggest Large muskellunge which would be continually re- 
that a serious competitor of the muskellunge is its turned to the water might serve as checks on the 
close relative, the northern pike. Natural hybridiza- competitive northern pike, and would provide a con- 
tion between the species produces progeny with cur- tinual source of fishing for other fishermen. A single 
tailed reproductive potential. Also, the probable trophy fish, rather than ending up on one person's 
competition between the fry of the northern pike and table or wall, might instead be commemorated by 
the muskellunge, at the expense of the latter, has successful fishermen either through the “thrill of the 
been mentioned previously (p. 404). moment” or through a snapshot taken prior to releas- 

Lakes that formerly contained muskellunge exclu- ing the fish to the water. As an added protection to 
sively are now dominated by the northern pike—wa- the fish, only artificial baits with single hooks should 
ters like the Island Lake chain (Rusk County). Almost be allowed. Catch-and-release programs work by of- 
all of the best remaining muskellunge waters also fering more fishing fun, and by providing the moral
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satisfaction that comes with leaving something for lunge range and reserves. As noted by Threinen and 
the next fisherman rather than contributing to the ex- Oehmcke (1950:12), the future of this species appears 
haustion of an already strained resource. In waters doubtful: 
where there may be an overpopulation of this spe- ki . 4 eRe ij 
cies, and where cropping is necessary to preserve a Looking at the problem PvISPOSPeCL ane JAKINE Intovae: 
healthy population ‘elled: pevmibweason ia count the present limited distribution of the muskellunge, 

y Pop One arcor P' y we could conclude that the muskellunge is a relict species 

be instituted. . Site apparently doomed by time. This process has been accel- 
Our current problems with muskellunge fishing erated by man’s breaking down the natural barriers. 

will undoubtedly accelerate with the anticipated But where man has in his power to tear down, perhaps 

growth of the human population, with increased lei- he can also build up. We hope that sound fish management 
sure time, and with the steady decline of the muskel- activities can adequately cope with the situation.



Minnow and Carp 
Family— 

Cyprinidae 

Forty-five species of minnows in 15 genera are known from Wiscon- 
sin; of these, 43 species are native. In the United States and Canada more 

than 200 species are recognized (Robins et al. 1980), and every year ad- 
ditional species are accepted. The Cyprinidae include some 275 genera 
and more than 1,500 species. Of Eurasian origin, it is the largest of all 
fish families. It is known from the Paleocene of Europe, the Eocene of 

Asia, and the Miocene of North America. 
Minnows are small to large, soft-rayed fishes with toothless jaws, pha- 

ryngeal teeth in the back of the mouth cavity which grind food against a 
plate fastened to the skull beneath the hind brain, and well-developed 
fins and scales. 

The pharyngeal teeth, usually ascribed to the fifth branchial (gill) arch, 
have been studied in Wisconsin minnows by Peterman (1969), and in 

depth in Minnesota minnows and suckers by Eastman (1970). Eastman 
provided a key to the minnow species based solely on these teeth and 
their arches. Evans and Deubler (1955) noted that the number and ar- 

rangement of teeth on the arch is rather constant for the species. In our 
native North American species the teeth are arranged in one or two 
rows, and tooth replacement is continuous throughout life. 

What appear to be spines in the dorsal and anal fins of such forms as 
the carp and the goldfish are actually hardened bundles of soft-ray ele- 
ments which have fused embryonically to give rise to spinous rays. 
These are not true spines, such as are encountered in the basses and the 

sunfishes. 

415
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In most insectivorous minnows, the digestive tract is a simple S- 
shaped structure which, when extended, is generally less than the min- 
now’s total length. The lining of the body cavity is silvery, and it may be 
lightly speckled with dark pigments. Vegetable-feeders, however, have 
elongated digestive tracts in which additional loops develop from the 
original S-shaped structure. As the intestine lengthens, the lining of the 
body cavity darkens to dusky or black. 

During the breeding season, the males of many minnow species sport 
bright, attractive colors and breeding tubercles in various shapes and 
numbers. These features have made our North American minnows at- 
tractive to European fish fanciers. Breeding tubercles have three func- 
tions: they aid in the construction of the nest, they are weapons of com- 
bat between fighting males, and they enable males to hold females 
during spawning (Reighard 1903). 

Between the swim bladder and the inner ear is the Weberian ossicle 
device, a chain of three bones derived from the anteriormost vertebrae. 

These increase the minnow’s hearing sensitivity, and Winn and Stout 
(1960) suggested that perhaps this has been a reason for its success in the 
fresh waters of the world. 

Another successful feature in many minnow species is continuous 
spawning over a long season, commonly called fractional spawning. Ni- 
kolsky (1963) noted that fractional spawning decreases the chance that 
one or more entire generations will be lost to unfavorable environmental 
conditions, such as high water or flood stages. 
Many intra- and occasionally inter-generic hybrids occur. Minnow hy- 

bridization may result from drought conditions on small, spring-fed 
streams that support large populations of fishes (Cross and Minckley 
1960). Unusual crowding of spawning fishes would increase the oppor- 
tunity for fertilization of the eggs of one species by sperm from another 
species, and, as noted by Hubbs (1955), hybridization of fishes seems 

most common in areas that have been subject to radical climatic change 
within the past 20,000 years, and in streams that have been altered re- 
cently by the activities of man. 

The use of and demand for bait minnows has led to the development 
of an important business in and around resort or fishing areas. In 1957, 
the Wisconsin Department of Natural Resources issued 853 bait dealer 
licenses. The dealers sold almost 23.5 million minnows with an estimated 
value of $783,000. The total volume of all minnows used was estimated 
at 36 million, with a market value of about $1.2 million (Niemuth 1959). 

Great demand and uncertain supply have caused many minnow deal- 
ers and people who handle live bait to propagate and rear minnows in 
natural or artificial ponds. Today some people supplement their incomes 
by raising minnows, while others live entirely off the profits derived 
from raising and selling minnows. Procedures and methods for raising 
minnows are discussed by Hasler et al. (1946), Dobie et al. (1956), and 

Hubbs and Cooper (1936). In recent years tank trucks have transported 
thousands of golden shiners from Arkansas to Wisconsin to help meet 
the demand. 

The minnow is one of the most important commercial food fishes in 
the state. In 1976 over 1.25 million kg (2.75 million lb) of carp worth
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$179,142 were harvested from the Wisconsin waters of the Mississippi 
River (Fernholz and Crawley 1977). They weighed over 64% of the total 
commercial catch, and were surpassed in value only by the catfish catch. 

Fish management and research biologists who have conducted sur- 
veys with shocking units in southern Wisconsin trout and bass streams 
have shown that an immense number of minnows are present in most 
streams having reasonably good habitat (C. L. Brynildson 1959). A min- 
now dealer who was given a contract to remove forage fish from Milner 
Branch, Little Grant River (Grant County) seined 174 kg/ha in 1955 and 
140 kg/ha in 1956, ahigh harvest. Subsequent shocking showed that 
the number of suckers remained essentially constant, and that the num- 

ber of creek chubs and common shiners increased through natural repro- 
duction and movement. Investigations strongly indicate that forage fish 
production continues to be high regardless of the intensity of the har- 
vest. 

High-density populations of forage fish undoubtedly compete with 
trout and bass for space and food, but the degree of competition is diffi- 
cult to measure. Minnows have additional value in that they serve as a 
“buffer” food for predators that would otherwise deplete trout and bass 
more extensively. 

In addition to the carp and the goldfish, which are well established in 
- Wisconsin waters, other introductions have occurred. According to 
Baughman (1947), 90 European tench, Tinca tinca Linnaeus, were stocked 

in Wisconsin during 1895-1896. This minnow, which reaches 25-30 cm 

and about 250 g in 3 to 4 years, has 95-120 small scales along the lateral 
line, and the skin is thick and slimy (Muus and Dahlstrom 1971). It feeds 

on the larvae of insects, mostly midges, and on small clams, and snails. 
The fate of this stocking in Wisconsin is unknown. 

In 1916, B. O. Webster, superintendent of hatcheries with the Wiscon- 
sin Department of Natural Resources, secured “several pails” of Euro- 
pean rudd, Scardinius erythrophthalmus (Linnaeus), from the New York 
Aquarium and stocked them in Oconomowoc Lake (Waukesha County) 
(Cahn 1927). Cahn reported two successful spawnings; however, no sub- 
sequent records are available. This minnow, similar in body form to the 
golden shiner, has 40-43 scales, and pelvic, anal, and caudal fins which 

are bright red on the extremities. The eyes are yellow to orange. It aver- 
ages 20-30 cm and 200-400 g in about 10 years, and feeds on aquatic 
vegetation, insects, snails, and occasionally fish eggs (Muus and Dahl- 
strom 1971). 

A more recent introduction to Wisconsin has been the grass carp, 

Ctenopharyngodon idella (Valenciennes). It was imported into the United 

Grass carp 189 mm, Arkansas State Hatchery, 21 May 1976
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States in 1963 by the Bureau of Sport Fisheries and Wildlife to the Fish 
Farming Experimental Station in Stuttgart, Arkansas, and was soon in- 
troduced in waters of Arkansas, Alabama, and Oregon (Greenfield 1973). 

Illegal importations and stockings of this species into Wisconsin ponds 
occurred in 1974. In November 1975, 44 grass carp were removed from 
Maloney Pond near Brodhead (Green County), 1 of which was 490 mm 
(19.3 in) and weighed 1.56 kg (3 lb 7 oz). Of the 12 grass carp originally 
stocked in a dairy pond near Manitowoc (Manitowoc County), 1 was 
killed in April 1975 during rotenone treatment; another was found dead 
on the shore prior to treatment. V. Hacker (pers. comm.) noted that fin- 
gerlings 20-23 cm in May sometimes reach 55 cm (21.5 in) and 1.8 kg (4 
Ib) by November. 

The grass carp has 36-40 lateral line scales and pharyngeal teeth 
(2,4-4,2). It is reported to reach a length of over 1.2 m and a weight of 

45 kg (4 ft and 100 Ib) in its native range. 

. eae eed paler = 
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Grass carp pharyngeal teeth 

The grass carp was imported into this country as a biological control 
for aquatic vegetation. If it becomes established in natural waters, it may, 
like the carp, become a serious pest. It is feared that the grass carp may 
destroy fish and waterfowl habitat by eliminating all aquatic vegetation 
in waters where some vegetation is desirable. 

Potentially the biggest threat from the grass carp may come from the 
central Mississippi River, where a number of specimens have been re- 
ported by commercial fishermen. A 9.53-kg (21-Ib) specimen was caught 
in 1971 in the Mississippi River near Chester, Illinois (Pflieger 1975). 
Stroud (1976:4) noted: 

It is indisputable that grass carp are now resident in the Mississippi and Mis- 
souri rivers. Since they have already reproduced in two Mexican rivers, there 
is every reason to expect grass carp to do so in the Mississippi River system 
and its tributaries. The presence of this fish portends both good and bad for 
American fishery resources.
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Common Carp ryngeal teeth molarlike, larger teeth often with 
blackened ridges 1,1,3-3,1,1. Gill rakers 21-27. Dor- 

sal fin originating slightly anterior to or directly be- 

Cyprinus carpio Linnaeus. Cyprinus—Greek name of low pelvic fin; dorsal fin long, of 1 spinous soft-ray 
the carp; carpio—Latinized form of carp. serrated posteriorly, and 15-23 rays; anal fin of 1 spi- 

Other common names: carp, German carp, Euro- nous soft-ray serrated posteriorly and 4—6 rays; pec- 
pean carp, mirror carp, leather carp, leather- toral fin rays 14-17; pelvic fin rays 8-9. Lateral line 
back, German bass, buglemouth. 32-41; lateral line complete. Digestive tract about 1.6 

TL. Chromosomes 2n = 104 (Ohno, Wolf and Atkin 

: 1968). 
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Immature 120 mm, Mississinewa Reservoir (Wabash Co.), Indi- 2, ; 

ana, 2 Mar. 1968 wy 

_ 

ra Carp pharyngeal teeth 

ae ee? Brassy olive above, lower sides golden yellow; 
a» : ne ==3 belly yellow-white. Basal half of caudal and anal fins 

eee es often reddish; stronger coloration in adults. Each 

ie scale on back and sides with dark basal spot. Peri- 
5 . a 3 toneum dusky. 

mmature 90 mm, (mirror variety), Mississinewa Reservoir (Wa- : 2 . 
bash Co.), Indiana, 2 Mar. 1968 Fine breeding tubercles on head and pectoral fins 

in male, rarely in female. Male obviously darker dur- 

ing the spawning season. 

Hybrids: Common carp x goldfish (UWSP 3263), 

4 from the Milwaukee River at Estabrook Park (Mil- 

/ om & waukee County); from the Crawford River (Dodge 

, ALN J “i County) and the Milwaukee River (Milwaukee 

Be VAAN i oe County) (Wis. Fish Distrib. Study 1975). 

ii a oe SYSTEMATIC NOTES 
The scaled carp with its large, thick cycloid scale, the 

Adult 476 mm, Wisconsin R., Stevens Point (Portage Co.), 22 mirror carp with its occasionally enlarged and scat- 
Sept. 1977 tered scales, and the leather carp in which the scales 

are absent, are varieties of the same species. The 

DESCRIPTION progeny of the mirror and the leather carp are mostly 
Body robust, compressed laterally. Average size 406— fully scaled. Of the 345 fish imported to the United 
457 mm (16-18 in); TL = 1.24 SL (200 mm); TL = States as brood stock, 227 were mirror and leather 

1.23 SL (400 mm). Depth into TL 3.0-3.9. Head length carp and 118 were scaled carp, but nearly all off- 
into TL 3.7-4.3. Snout long; mouth of moderate size spring were fully scaled. Mirror and leather carp are 
reaching to below nostril, 2 fleshy barbels on each quite rare today, constituting less than 2% of all wild 

side of upper jaw, the smaller hanging from edge of carp (Walden 1964). The genetic basis for these vari- 
snout, the larger from near corner of mouth. Pha- eties is discussed by Wohlfarth and Lahman (1963).
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DISTRIBUTION, STATUS, AND HABITAT Nevin Hatchery in Madison, Wisconsin. The first 
The common carp occurs in all three drainage basins year’s hatch produced 350 young. In 1881, 163 carp 
in Wisconsin, and has been steadily extending its fingerlings in lots of 20-22 were distributed to indi- 
range in the state. It is rare in the Lake Superior ba- viduals in Rock, Columbia, Fond du Lac, Sauk, and 
sin, and on the south shore of Lake Superior the Manitowoc counties. As many as 35,000 were placed 
yearly catch is six or fewer individuals; it has been into Wisconsin waters in 1890; distribution contin- 
recorded from several streams throughout the area ued until 1895, when the program was discontinued. 
(McLain et al. 1965). In 1958 (Druschba 1959), it had By that time plantings had been made throughout the 
not been reported from Bayfield, Ashland, Iron, Vi- state, including the northern and central counties of 
las, Florence, Langlade, Lincoln, Oneida, Price, Rusk, Barron, Douglas, Eau Claire, Langlade, Marathon, St. 
and Sawyer counties. In 1975, Hacker (1975) noted Croix, Ashland, Marinette, Polk, Price, Sawyer, Sha- 
this species from all counties except Bayfield, Flor- wano, Taylor, and Washburn. 
ence, Iron, Vilas, Oneida, Langlade, Menominee, and The exotic carp is a characteristic and abundant 

Price. species in large, shallow lakes and streams in south- 
The carp, native to Asia, was mentioned in the 1876 ern and central Wisconsin. In recent years it has be- 

report of the Commissioners of Fisheries of Wiscon- come common in some northern Wisconsin waters. 
sin as “a species eminently calculated for the warmer Although the carp is known to survive under a 
waters of the country.” The 1879 report carried a re- wide range of conditions, it prefers warm streams, 
print of “A Distinguished Immigrant—Prof. Baird’s lakes, and shallows containing an abundance of 
European Carp.” In 1880, 75 carp were obtained from aquatic vegetation. The carp is tolerant of all bottom 
Prof. Baird of the U.S. Commission and forwarded types and of clear or turbid waters, but is not nor- 
from the carp ponds at Washington, D.C., to the mally found in clear, cold waters or streams of high
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gradient. The carp is not found in chara-type lakes acre of water around me came alive with startled 
(Threinen 1952). In Wisconsin it was encountered carp!” 

most frequently in turbid water at depths of 0.6-1.5 In Lake St. Lawrence, Ontario, spawning did not 
m over substrates of sand (frequency 29%), mud occur at water temperatures below 16°C (60.8°F), ac- 
(19%), clay (10%), gravel (23%), silt (9%), rubble tivity was comparatively low at 16-18°C (60.8—64.4°F), 
(6%), boulders (3%), and detritus (1%). It occurred in reached an optimum between 19 and 23°C (66.2 and 

rivers of the following widths: 1.0-3.0 m (8%), 73.4°F), and ceased at temperatures above 28°C 
3.1-6.0 m (13%), 6.1-12.0 m (22%), 12.1-24.0 m (82.4°F). Temperature is the primary environmental 

(42%), 24.0-50.0 (15%). stimulus to spawning (Swee and McCrimmon 1966). 

Carp in holding ponds apparently do not spawn 
BIOLOGY successfully (Black 1948). Even if spawning is at- 
In Wisconsin the spawning period for carp extends tempted in the pond, the thorough working the carp 
from April to August (Miller 1942). The greatest ac- give the bottom daily would almost certainly prevent 
tivity occurs in late May or early June when water any of the eggs from surviving long enough to hatch. 
temperatures range from 18.3-23.9°C (65-75°F) (Cahn The individual female deposits her eggs in groups 
1927, Mraz and Cooper 1957b). Spawning occurs in of from 500 to 600 in an area roughly 2 m diam (Jester 
shallow, weedy areas of lakes, ponds, tributary 1974). These eggs are 0.9-2.0 mm diam and of a gray- 
streams, swamps, temporary flood plains, and ish white to yellowish color. The adhesive eggs either 
marshes at depths of 8 cm to about 183 cm (3 in to 6 stick to debris or plants or sink to the bottom, where 
ft) (Mansueti and Hardy 1967). Intermittent spawn- they lie disregarded by both parents. 
ing may last several days to several weeks, possibly Despite the fact that no males were present, fe- 
with two spawning peaks in some areas. males which were temporarily held in a large tank at 

Carp segregate into small groups typically consist- a Wisconsin hatchery spawned by bumping against 
ing of one pair, or of a female and two to four males, the side of the concrete tank while swimming along- 
or of one female with six to seven males. Swee and side it (Mraz and Cooper 1957b). Soon the entire 
McCrimmon (1966) described spawning behavior tank, which was more than 6 m long, had a layer of 
(p. 377): eggs sticking to the bottom. 

. . Fecundity is variable, depending on the size of the 

In the prespawning phase; each group Of fishiswam lo; female. In an age-IV female about 391 mm (15.4 in) 
cally in a compact school within the relatively open areas of TL, 56,400 duced: i XVI f 1 
the marsh with their dorsal fins and backs exposed above ye O88 are pro} ucec yA anage emale 

the water. The males initiated the spawning act by repeat- 851 mm TL, more than 2.2 million eggs are produced 
edly pushing their heads against the body of the female. (Swee and McCrimmon 1966). In the Madison region 
Each prospective spawning group gathered in a shallow females weighing 4.5-6.8 kg (10-15 Ib) produce more 

area, usually in less than 12 inches of water where there than 1 million eggs each (Miller 1952). The number of 
was an abundance of vegetation on which the adhesive eggs discharged at the primary spawning is from 
eggs could be broadcast. On stimulation by the males, the 50,000 to 620,000 (Mansueti and Hardy 1967). 

female responded by raising her caudal peduncle and tail. The incubation period extends from 3 to 16 days, 
Her tail lashed violently and, as she propelled herself for- depending on the temperature: 3-5 days at 20°C 
ward, the eggs were scattered over the vegetation. Simul- (68°F); 5 days at 15°C (59°F) (Mansueti and Hardy 

taneously, the males came along the side of the female with 1967). At hatching the yolk-sac larvae are 3.0-6.4 
their tail region proximate to the female genital opening E 5 . 
and, by violent movements of their tail region, discharged mm TL. Mansueti and Hardy describe and illustrate 
their milt. stages between 4 mm and 30 mm TL. Scales become 

evident anteriorly on sides at 22.5 mm, and scalation 
Spawning was observed on 28 May in the early is complete at 30 mm. 

afternoon (W. McKee, pers. comm.) at the mouth of The artificial breeding of carp has been difficult be- 
the Mink River (Door County): “The spawning was cause of the sticky layer which develops on the sur- 
very intense, as I only had to stand still for a minute face of the eggs, causing them to clump together 
or two and the spawning activity resumed around when they come in contact with water. A solution of 
me. Several times I had carp bump against my an- 0.6% sodium chloride (salt) temporarily inhibits the 
kles. And on several occasions I witnessed ‘picture stickiness of the eggs and permits them to be poured 
perfect’ mating units of one large female flanked on uniformly into hatching trays (Blaylock and Griffith 
either side by two smaller males. If I caused a com- 1971). 
motion by running through the water a very literal For the first 2 days of life, the young carp are at-
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tached to vegetation or lie near it. After 4-5 days, growing races of carp in other parts of the world. In 
the yolk-sac is gone and the young move to the bot- Israel, carp from selected stock weighed over 907 g 
tom. At 18 days, young carp may be nearly 25 mm (1 (2 Ib) in October in the first year of life (Carlander 
in) long and will tend to move into slightly deeper 1969). 
water. The young fish remain in this habitat for much In Wisconsin, male carp may mature at age II and 
of the summer, a trait which makes them relatively females at age III (a few at age II) (Miller 1952, Frey 
unavailable to many of the predacious fish which 1940). 
might eat them while they are small. By the time the A 25.91-kg (57-Ib 2-0z) carp was caught from Lake 
young carp leave the shallow, weedy habitat, they are Wisconsin (Columbia County) on 28 August 1966. A 
often 76-102 mm (3-4 in) long and are relatively safe 27.9-kg (61-Ib 8-0z) carp was taken from Big Wolf Lake 
from predation (Sigler 1958). Small crustaceans (En- (Jackson County, Michigan), in 1974. A carp weigh- 
tomostraca) are a major food of young carp (Moen ing 37.88 kg (83.5 lb) was taken at Pretoria, South 
1953). Africa (Walden 1964). 

The growth of young-of-year has been recorded as The usual longevity of the carp is 9-15 years; max- 
follows: imum observed longevity is 47 years (Brown 1957). 

Carp are omnivorous. In 42 carp up to 460 mm TL 
7 from the Madison, Wisconsin, area, 49% of the con- 

(rare) tents of the digestive tracts consisted of immature 
No. of — sis ah * * 

Date Fish Ava! ‘ange Location and adult individuals from the following insect or- 
ieJune +4 46.” Wisconsin R. (Grant Co) ders: Diptera, Ephemeroptera, Trichoptera, Hemip- 
27 July 7 22 20.5-24 Wisconsin R. (Portage Co.) tera, and Coleoptera (Pearse 1918). In addition Pearse 

7 Aug. 5 52 32-69 Mill Cr. (Richland Co.) found entomostracans (20.9%), amphipods (6.9%), 
ean ie = aa iinet tones eos snails (6.9%), and lesser quantities of oligochaetes, 

SS mites, rotifers, plants, silt, and debris. In Lake Men- 
dota (Pearse 1921a) carp averaging 383 mm TL had 

Carp are generally aged by analyzing scale annuli, taken fish (35%), snails (32.8%), plants (2.8%), and 
although this method is not always reliable. Opercu- bottom ooze (27.9%). Although the literature occa- 
lar bones were used by Sigler (1958). A method of sionally reports fish in the carp’s diet, the percentage 
sectioning carp spines for growth studies was de- of fish in this report is exceptionally high. 
scribed by English (1952). In Iowa (Moen 1953), the diet of carp of all sizes is 

In Lake Monona (Dane County) age-II males on 21 predominantly animal material from three principal 
June were 360 mm TL; age-II females were 366 mm groups: insect larvae, crustaceans, and mollusks. In 
TL (Frey 1942). Similar growth was found in Lake Ke- addition, Moen noted oligochaete worms, freeliving 
gonsa. In Lake Waubesa age-III males were 388 mm flatworms, leeches, and water mites. His data indi- 
TL and females, 424 mm TL. The first annulus cated that carp will take walleye (Stizostedion vitreum) 
formed in late May; the second and third annuli eggs during the spawning period, but the predation 
formed from middle of June into second half of July. is not extensive. One stomach from an April collec- 
Miller (1952) determined that Lake Waubesa carp less tion of 37 Spirit Lake carp contained 3 walleye eggs. 
than 3 years old were 419 mm (16.5 in) TL and In carp from the Des Moines River (Harrison 1950), 
weighed 1.09 kg (2.4 lb). insects made up 53% of stomach contents and in- 

In four large carp from the Wisconsin River (Ju- cluded mayflies, dipterans, caddisflies, aquatic bee- 
neau County) collected 21 July 1976, the calculated tles, and hemipterans. Terrestrial insects were con- 
total length at the annuli was: 2—304 mm, 3—404 mm, sumed by many individuals, but made up only a small 
4—490 mm, 5—543 mm, 6—584 mm, 7—622 mm, 8— part of the volume. The plant material (32%) con- 

643 mm, 9—667 mm, 10—695 mm, 11—746 mm, and sisted of green leaves from lowland trees, grasses, 

12—761 mm (W. McKee, pers. comm.). The first an- twigs, rootlets, and green algae. Bryozoans, cray- 

nulus was not readable on the scales. Three of the fish, earthworms, fish scales, and fry of the spotfin 
fish were age X, and one was age XII. Carp from the and the bullhead minnows were also identified. 
Mississippi River near Fountain City had the follow- During winter months animal organisms (crusta- 
ing calculated total lengths at time of annulus for- ceans and dipterous larvae) made up 100% of the diet, 
mation (sexes combined): 1—196 mm, 2—376 mm, 3— with only traces of plant material (Moen 1953). Fish 
486 mm, 4—561 mm, and 5—655 mm (Christenson taken during low oxygen conditions (less than 1.0 
and Smith 1965). ppm) were all empty. 

Selective breeding has developed some fast- In Elephant Butte Lake (New Mexico), the algae
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Chlorophyta and Chrysophyta were the most impor- temperature for carp is 20°C (68°F). This is the maxi- 
tant food items in the carp diet (Jester 1974). Plant mum temperature at which carp will spawn. Growth 
materials made up 43.5% and animal materials, would be slow at this temperature, but the fish 
mostly Copepoda and Cladocera, 10.2%. Jester con- would be long-lived. In a Canadian study dealing 
cluded that carp are versatile omnivores, eating with temperature preference (Pitt et al. 1956), carp 
whatever food is available. selected water at 32°C (89.6°F). In Wisconsin the pre- 

Cannibalism by large carp larvae of smaller larvae, ferred water temperature was 31.8°C (89.2°F); in the 
even in the presence of abundant plankton, was re- field (Lake Monona power plant outfall), this temper- 
ported by Kudrynska (1962). Sigler (1958) cited a re- ature was 30.6° (87.1°F) (Neill and Magnuson 1974). 

port of young carp (25-51 mm) taken from the stom- This is obviously above the temperature at which 
achs of 5- to 9-kg (10-20-lb) carp. carp can either reproduce or survive for a long period 

Carp appear to utilize a sequence of tactile and of time on short rations; however, they can probably 
gustatory cues in the prey selection process (Stein et live at this temperature for long periods if sufficient 
al. 1975). They have taste sensations similar to mam- food is available. The upper lethal temperatures are 
mals and can sense salty, sweet, bitter, and acid between 31 and 34°C (87.8 and 93.2°F) when carp are 
stimuli (Lagler et al. 1962). acclimated at 20°C (68°F), and 35.7°C (96.3°F) when 

In general, carp do little feeding in water below they are acclimated at 26°C (78.8°F) (Black 1953). The 
10°C (50°F), and none at 1.7—4.5°C (35.1—40.1°F) (Car- lower lethal temperature is a body temperature of 

lander 1969). —0.7°C (30.7°F) (Bardach et al. 1966). 

The carp adapts to a wider variety of conditions Sigler (1958) reported that with rising temperatures 
than almost any native North American fish. Habitat activity among carp increases and some leaping may 
requirements permit carp to range the state’s exten- be seen. No one knows exactly why carp leap and 
sive warm waters with little concern for low oxygen splash, although it has been called “playing.” The 
content, pollution, or sudden temperature changes. larger fish move into shallow waters in the afternoon 
Carp are able to withstand turbidities far in excess of or evening, often in enormous concentrations (Nord 

those found in most natural waters, but 165,000 ppm 1967). 
(silicon dioxide equivalents) are fatal to 3-inch carp Carp normally seek quiet waters and dark holes, 
(Sigler 1958). Fatal turbidities are considerably lower avoiding swift water except during the spring 
for largemouth bass, pumpkinseed, channel catfish, spawning runs. They are rarely reported below 
and rock bass, but higher for the black bullhead and depths of 30 m (100 feet), even in deep lakes. This 
golden shiner. The carp has the capacity to adjust to reluctance to inhabit deep water may be due to 
higher than normal salinity—up to 17 ppt, which is avoidance of the low water temperatures found at 
a concentration of salts considerably higher than that greater depths. 
in their own bodies (Lagler et al. 1962). Except in the spring, carp are usually wary and 

The carp’s ability to tolerate low oxygen levels is dash for cover or deep water at the slightest distur- 
well known and often it is one of the last survivors in bance. At other times they swim about in a leisurely 
oxygen-depleted waters. This relates to its ability to and almost lazy fashion. A change in the weather can 
use atmospheric oxygen (MacKay 1963). cause them to alter their habitual movements; even a 

In a widespread fish-kill due to supersaturation of slight change in the water level affects them. For ex- 
oxygen from an algal bloom, only a few carp suffered ample, in Illinois, Sigler watched carp moving freely 
mortality. The fish looked normal except for small gas into flooded corn fields as long as the water level was 
bubbles, under the skin and in the fin rays, which rising; however, a drop in the water level as slight as 
obstructed the flow of blood (Mackenthun et al. a few inches sent them scurrying back to the protec- 
1948). tion of the river. 
Aquarium-held carp (Sigler 1958) in water 1.7°C Carp seining operations are intensified in the spring 

(35.1°F) are quite inactive, with no apparent inclina- and in the fall during those seasons when the carp 
tion to move about. At 2.2°C (36°F) these carp move form schools, making it possible to catch them in large 
away when approached, but show no inclination to numbers (Miller 1952). A seine haul in November 1973 
feed. When the temperature is raised to 26.7°C by a Wisconsin Department of Natural Resources crew 
(80.1°F), they dash frantically around the aquarium, on Lake Koshkonong produced a record 340,000 kg 
frequently hitting the sides when an observer ap- (750,000 Ib) (V. Hacker, pers. comm.). Schooling is also 

proaches. Wild carp have been observed to begin ac- characteristic under the ice. 
tivity at a water temperature of 3.3°C (37.9°F). Carp may range extensively. One fish tagged in 

Sigler speculated that an average optimum water Missouri was recaptured 28 months later in South
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Dakota, after traveling at least 1,088 km (674 mi) (Sig- Carp have been used as weed control agents; many 
ler 1958). Recently the Nebraska Game and Parks shallow fishing lakes would soon become choked 
Commission reported a carp which covered 1,629 km with aquatic vegetation if it were not for their activi- 
(1,009 mi) on the Missouri, Mississippi, and White ties (Moyle and Kuehn 1964). The eradication of carp 
rivers. One carp tagged in Lake Winnebago, at Sup- in many southern Wisconsin river impoundments 
ple’s Marsh near Fond du Lac, was recaptured in the has resulted in weed-choked waters. 
Embarrass River, approximately 148 km (92 river Carp in some localities are important as eradicators 
miles) away (Priegel and Morrissette 1971). In Lake of fluke diseases that attack sheep (Adams and Han- 
Winnebago and connecting waters most carp have kinson 1926). In grass bottomlands during annual 
been recaptured within a few kilometers of tagging overflows, carp eat the snails (Limnaea) that harbor 
sites. stages in the life history of the flukes. Lastly, the carp 

Almost all warmwater fish are associated at one makes an excellent bioassay animal, because it is 
time or another with carp. In the Baraboo River (Sauk hardy, seldom subject to diseases, and highly pro- 
County), the carp is associated with the bluegill, ductive. 

black bullhead, largemouth bass, white crappie, and Problems associated with the carp were recognized 
northern pike. In a collection from the Blue River as early as 1891-1892 when the Wisconsin superin- 
(Grant County), the following species (number) were tendent of fisheries, noting carp habits in California, 
found together: common carp (26), quillback (1), big- called them “a great nuisance to the sportsman who 
mouth buffalo (1), shorthead redhorse (21), white uses a gun. . . ” because they destroy wild river beds 
sucker (3), central stoneroller (2), creek chub (6), “by their ground hog proclivities.” At the 1901 meet- 

golden shiner (1), bullhead minnow (22), bluntnose ings of the American Fisheries Society in Milwaukee, 

minnow (9), suckermouth minnow (1), common a special roundtable discussion was held on the carp. 

shiner (12), emerald shiner (13), spotfin shiner (102), General E. E. Bryant, a member of the Wisconsin 

sand shiner (3), bigmouth shiner (11), Mississippi Conservation Commission, noted that within a ra- 

silvery minnow (230), stonecat (1), johnny darter (23), dius of 8 km of Madison there were “billions of carp,” 

and banded darter (1). and that every fisherman saw them, cursed them, 

and refused to catch them. George Peabody of Ap- 
IMPORTANCE AND MANAGEMENT pleton reported that the introduction of carp in Lake 
Predators of carp, particularly the young, are bass, Koshkonong had destroyed the fishing for black bass 

crappies, northern pike, bowfin, turtles, snakes, and pike, roiled the waters, and ruined duck hunting 

loons, mergansers, grebes, and goshawks. Preda- through the destruction of wild rice and celery (Black 
cious water insects destroy small carp, as do frogs 1944). 
and toads. The eggs are eaten by minnows, catfish, There are many illustrations of the loss of aquatic 
and sunfish. The adults are parasitized by lampreys. vegetation where carp are abundant (Threinen and 
In a feeding preference test (Coble 1973), northern Helm 1954). At Madison, Wisconsin, during 1944- 
pike always selected carp and fathead minnows over 1945 carp were stocked at an equivalent of 532 kg/ha 
green sunfish and bluegills. A great blue heron was (475 Ib/acre) in a pond with a dense growth of water- 
killed by a 31-cm (12-in) carp which it tried to swal- weed (Anacharis canadensis), sago pondweed (Pota- 

low (Ryder 1950); apparently the carp was too large mogeton foliosus), and lesser amounts of pickerel weed 
for the heron to swallow, but the bird was unable to (Potamogeton richardsonii), coontail (Ceratophyllum de- 
regurgitate the fish because the dorsal spine pierced mersum), and wild rice (Zizania aquatica) (Black 1946). 
the gullet and held the fish fast. Fifty-one days later the aquatic vegetation was re- 

Carp are an important source of gonadotropins for duced to a very critical stage: the wild rice had been 
many game fishes. Both mature eggs and sperm uprooted within a few days of stocking, the sago 
were obtained from rainbow trout in advance of the pondweed was torn out quickly, and the coontail soon 
normal spawning period in Wisconsin by intraperi- after; only the waterweed, heavily grazed, and the 
toneal injections of fresh or acetone-dried pituitary pickerel weed remained. When the pickerel weed was 
glands of the carp (Hasler et al. 1939). attacked, however, it was destroyed completely in less 

Carp have been proposed as a source of forage for than 2 weeks. 
game fish (Sorenson 1971). A major problem in mus- Competition exists between young largemouth 
kellunge culture is the establishment of a reliable bass and carp of all ages for the available food, and in 
source of fry, and carp may provide a solution. Injec- areas of spawning the largemouth is at a definite dis- 
tion of carp females with carp pituitary induces advantage (Sigler 1958, Mraz and Cooper 1957b). 
spawning within 12 hours. Competition between the carp and the green sunfish
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for available habitat takes place because both fish fre- Once a carp population has established itself in an 
quent shallow water and occasionally compete for area, other factors may operate along with selective 
the same spawning area (Sigler 1958). Competition harvesting to account for population balance in favor 
between the carp and the black bullhead is for habi- of carp (Sigler 1958). One factor is the comparatively 
tat, food, and spawning areas: “The more aggressive few fatal diseases that plague carp; another is the 
carp move into available spawning areas at the ex- wild carp’s comparative freedom from harassment by 
pense of bullheads, and the excessive activity of effective enemies. 
spawning carp is probably disturbing to them” (Sig- Izaak Walton (1653) early extolled the virtues of this 
ler 1958). species: 

The contention that the presenice of Sorp EYER The carp is the Queen of Rivers, a stately, a good, and a 
small numbers is detrimental to game fish is strongly ie til fish 

: . ry subtil fish... . 
disputed by the fact that nearly every lake in south- 
ern Wisconsin has carp present, yet game fish thrive There are many devotees to fishing for this species, 
except in those lakes where a dense carp population in Wisconsin and elsewhere, and carpophiles from 
exists (Mraz and Cooper 1957a). Nonetheless, there over the world come to the United States—the center 

is constant pressure by the public to remove carp, of the finest carp fishing in the world (Gapen 1973). 
even from waters where their numbers are known to Dr. Increase Lapham wrote in 1882: “The day will 
be small. come when the people of the state (Wisconsin) will 
Dymond (1955) believes that the success of carp thank the men who have introduced and planted this 

and the disappearance of other species in some wa- extra fine species of fish (carp).” In 1882 the city coun- 
ters are probably attributable to changed ecological cil of Ripon passed an ordinance “prohibiting fishing 
conditions incident to the clearing of land. Two such in all waters within the city limits, for the protection 
conditions that favor carp more than most other fish of the trout and carp, for two years.” To make certain 
are the high temperatures of the streams and the silt- that the carp would succeed, the 1884 report of the 
ing of lakes and streams. High water temperatures Commissioners of Fisheries of Wisconsin noted: “It is 
result from the removal of bank and land cover. Silt- useless to undertake to grow carp where there are 
ing results from the erosion of agricultural and other other fish. The fish must be cultivated in ponds ex- 
lands. Ellis (1973) noted that the carp is a symp- pressly built for them and those of different ages 
tom, not a cause. Its abundance is due to ecological must be kept by themselves.” 
changes in the habitat that represent improved con- In many lakes and rivers in southern Wisconsin, 
ditions for carp and deteriorating conditions for the carp today is first in numbers and fish biomass. 
game species. To many it is a sport fish; and it is sought with hook 

Highly polluted waters, such as the Illinois River and line, using doughballs and other soft baits; it has 
(Mills et al. 1966), have noticeable effects on carp. First, also been speared, hunted with bow and arrow, net- 

the length-to-depth ratio of individuals increases as ted, and snagged. In Pools 4, 5, 7, and 11 of the Mis- 
pollution increases. By dividing the depth into the sissippi River in 1967-1968, the estimated sport fish- 
standard length, an index is obtained; if the fish’s ery catch of carp was 4,367 fish weighing a total of 
length is 3 or more times greater than its depth, it is 8,375 kg (18,463 lb) (Wright 1970). 

too thin for commercial uses. Any index under 3 The carp has become an important commercial 

would indicate a satisfactory commercial fish. Sec- species in Wisconsin. Before 1903 it was not taken in 

ond, carp exhibit a rachitic bone malformation, known Lake Pepin in any large quantities; by 1907 this wide 

as “knothead” condition, which becomes more con- spread of the Upper Mississippi River was producing 
spicuous with increased pollution. more carp than any other species of fish: “ . . . (fish- 

Sigler (1958) summarized the basic carp problem in ermen) of Bay City caught, in December 1907 with 
the following statement: one haul of a seine . . . 55,000 pounds of carp for 

Granted that carp may be more able competitors than which they. received four and one-half cents Bet 
many game fish, or that carp may be able to replace game pound” (Commissioners of Fisheries of Wisconsin, 

fish only after the habitat has sufficiently deteriorated, it 1907-1908). . . Le 
still remains that carp can and do alter a habitat in such a In the Wisconsin portion of the Mississippi River 
way that it is less suitable for game fish—and even for carp during the 1960-1964 period, the carp harvest rose 

themselves. However, in general, it is expected that game from 1.144 million to more than 1.862 million kg (2.522 
fish will be handicapped more by these habitat changes million to 4.105 million Ib). The average price per kilo 

than will carp, and that carp will therefore become domi- varied between 7 and 9¢. Seines and gill nets ac- 

nants counted for 96% of the carp caught. Lake Pepin was
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by far the greatest carp-producing area in the Wis- ning along each side cut out and discarded. After the 
consin boundary waters, and Pools 8 and 9 were next meat has been soaked in salt water from 2 to 6 hours, 
in carp production. In 1974, carp amounted to 63% it may be cooked by any of the usual methods. There 
(1.26 million kg or 2.78 million Ib) of the total com- are many folders, bulletins, and cookbooks contain- 
mercial catch in the Mississippi River. In 1975, the ing recipes in which carp is the basic protein ingre- 
value per kilogram was 12¢ or $93,345.72 for 769,848 dient. Carp delicacies may be prepared by consulting 
kg (1.70 million Ib) (Fernholz and Crawley 1976). Mattingly (1976). Hacker (1976) provides recipes for 

The time of the carp’s first appearance in Lake carp chowder, pickled fish, carp sandwich, and hors 
Michigan is not known. Commercial production rec- d’oeuvre of smoked carp. In The Art of Viennese Cook- 
ords started in 1893, with an entry of 900 kg (2,000 ing (Morton 1970) recipes are provided for boiled 
Ib), and by 1899 the catch had increased to 11,300 kg carp, fish stock, Polish carp, and fish goulash; Gapen 
(25,000 Ib). Production passed 454,000 kg (1 million (1973) provides recipes for steaks, steamed carp, 
Ib) in 1934. The annual average was 680,000 kg (1.5 French fried carp, carp rolls, and carp cakes. 
million Ib) from 1934 to 1965 and 1.04 million kg (2.3 In recent years the use of carp as human food has 
million Ib) from 1966 to 1970 (Wells and McLain 1973). taken a dramatic setback. Polychlorinated biphenyls 
The 1975 catch was 1.47 million kg (3.24 million Ib)— (PCBs), toxic industrial chemicals, have accumulated 
1.16 million kg (2.56 million Ib) from haul seines and in the fats of carp in some Wisconsin waters and fish 
261,923 kg (577,431 Ib) from 18-cm stretch (7-in stretch) consumers are therefore warned against eating more 
gill nets. The value of the carp fishery was $142,850 than one meal of carp per week. Wisconsin fishing 
in 1974 (Wis. Dep. Nat. Resour. 1976c). A large per- regulations should be consulted for information as to 
centage of the catch has been from southern Green the waters affected. 
Bay, although some carp are taken in nearly all shal- In Wisconsin a number of years ago canned carp 
low areas of the lake, particularly in the southeast- were sold for human consumption under the title 

ern portion. “Lake Fish,” and the sales went well (E. Schneberger, 
In 1976 Wisconsin Department of Natural Re- pers. comm.). When the company was required to 

sources fish removal crews took 5,000 kg (11,020 Ib) place “carp” on the label, sales dropped and the busi- 
of carp from Lake Winnebago (Wis. Dep. Nat. Re- ness halted. In Minnesota, however, an entrepreneur 
sour. 1976b). is currently making carp into baloney, dips, country- 

From 1949 to 1976, 80.7 million kg (178 million Ib) style fish sausage, fish breakfast links, wieners, and 
of underutilized fish, of which 62% were carp, were even a mock tunafish sandwich spread. 

removed from Wisconsin waters. Most of the carp are The so-called “muddy” taste in carp was re- 
used as human food (Hacker 1975). Large carp are searched by Lewis (1939), who reported that micro- 
sent to markets in New York, Philadelphia, Chicago, organisms of the group Actinomyces were respon- 
Memphis, and other cities in the southern states. In sible. Sigler (1958) noted that carp lose objectionable 
1978 prices paid to the commercial fisherman for tastes if they are taken alive and placed in clear, run- 
fresh fish in the round are only 11-22¢/kg, but the ning water for 5-10 days or more. 
consumer paid $2.20/kilo or more for carp fillets and The following measures for controlling carp have 
smoked chunks. Smoked carp is becoming increas- been instituted or suggested: 
ingly popular, and carp meat products are finding a 

growing market. 1. Seining is often the most practical method of re- 
Wisconsin carp are in demand for fee-fishing moving carp, but it may be expensive (Miller 

ponds in southern states, where fishermen are turn- 1952, Peterson 1956). In Lake Wingra, during a 
ing to carp for sport fishing. During 1951 over 91,000 2-year period in which the population was re- 
kg (200,000 Ib) of carp removed from Wisconsin wa- duced by about 90% by the seine fishery, as well 
ters were transported alive to other states to stock as by natural mortality, carp reproduction re- 
fishing ponds, where fishermen may catch Wiscon- mained negligible (Neess et al. 1957, Churchill 
sin carp with hook and line after paying an admis- 1976). 
sion fee (Miller 1952). In 1967, nearly 454,000 kg, at a 2. Barriers can be erected to prevent carp from en- 
price of $0.12/kg, were shipped from Wisconsin to tering new waters or from reinvading waters 
southern states for fee-fishing ponds (DeLoughery from which they have been removed. Move- 
1975). ment of carp may be restricted through the use 
When properly prepared the meat of carp is excel- of wood traps (Miller 1952), screens, and dams, 

lent. Carp may be skinned, and the dark streak run- each peculiarly suited to certain conditions.
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3. Water level fluctuations may be used effectively of carp as a high protein supplement offers promise, 
against eggs and sac-fry. Lowering the water in but further technological advances are needed before 
an impoundment just a few inches may be suf- carp meal can compete with marine fish products. In 
ficient to destroy eggs and larvae by exposing order to increase human consumption of carp, it 
them to air. would be necessary to advertise carp as a product to 

4. Parasites and diseases specific to carp may be in- the general public. Sigler (p. 58) continues: 
troduced as a means of control. To date these . . 

measures have not proved themselves; they b ——— a a i and, a a little : a 
may be dangerous (Sigler 1958). een done to bring to light le undevelope potential o: 

5, Electricity. may: be used to diréct fish move: an abundant and seemingly inexhaustible natural resource. 
. y y . ae It is important because at the present time a low-cost, high- 

ments, capture fish, and Kill fish. . protein food supply and animal feed supplement is avail- 
6. Chemicals may be used in shallow impound- able to the people of the state. It is important because the 

ments and ponds where the level of lakes or res- recreational, commercial, and industrial values of our carp 

ervoirs can be sufficiently lowered. Several kinds populations should be exploited as part of the tremendous 

of toxicants, such as rotenone, toxaphene, and social and economic expansion. . . . Finally, it is important 

antimycin have been used in fish control pro- because in times of possible national emergency, we have 

grams in the past; rotenone and antimycin are within our borders a readily obtainable food supply. 

till in . With chemical ; — 
oe an emical programs care must Although Sigler wrote this in behalf of Utah, the con- 

be taken that the native fish species are not de- : ‘ ‘ 
stroyed cepts are applicable to Wisconsin. There is no other 

: . i species of fish in our state that equals the carp in the 
7. Sonar and radio-telemetry tracking of carp dur- ; : . 

: : production of protein pounds. Although the Wiscon- 
ing the winter can be used to locate and capture : 

. sin Department of Natural Resources has attempted 
large schools of these fish when they are under : Gece! i 3 
: : in many ways to promote utilization of this species 
ice (Johnsen and Heitz 1975). : 4 

sais : : as a worthwhile food product for man and animal, 
8. Prohibiting the use of carp as bait will prevent . 

a segments of the public refuse to accept such a useful 
the contamination of new waters and the re- : 

é : ‘ perspective. 
entry of carp into cleared waters. Wisconsin “iy 113 
remilations forbid the tise of carp as bait fish Unless we are willing to spend millions of dollars 

bu P , to pull out dams and restore the watersheds of our 

It is generally conceded that the exploitation of the streams in Wisconsin, we will have carp in abun- 

commercial and sport possibilities of carp is the so- dance. The best way to handle the carp is to utilize it 

lution that offers the most promise for carp control as a sport fish, as a food fish, and as a “desirable” 

(Sigler 1958, Nord 1967). According to Sigler, the use species.
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Goldfish DISTRIBUTION, STATUS, AND HABITAT 
The goldfish occurs in the southeastern quarter of 
Wisconsin. Since it has been reported from south- 

Carassius auratus (Linnaeus). Carassius—Latinization eastern Minnesota, it may also occur in the Missis- 
of the vernacular names Karass or Karausche sippi River. In Waukesha County goldfish have been 
(German for Crucian carp); auratus—gilded. liberated in Oconomowoc Lake and Lac La Belle, 

Other common names: golden carp; Indiana, Balti- where, according to Cahn (1927), schools of large 
more, and Missouri minnow. goldfish (up to 0.9 kg) “have established themselves, 

reproducing in considerable numbers.” Wisconsin 
egce Department of Natural Resources biologist D. Mraz 

i (pers. comm.) stated that Peters Lake (Walworth 
ao County) has had a common goldfish population for 

‘ —< years: “They run about 12 in. long and are a real sight 
. b 4 tee ‘ to see.” In 1974, Department of Natural Resources 

a - i tahe *. oe = biologist D. Dodge (pers. comm.) observed goldfish 
cs ee = up to 305 mm (12 in) long, weighing 0.45-0.91 kg (1- 
a ' 2 Ib), in the lower 0.8 km (0.5 mi) of Sauk Creek 

(Ozaukee County). 

110 mm, L. Michigan, Port Washington (Ozaukee Co.), 15 Sept. The goldfish, a native of Asia, has been introduced 
1973 into many American waters. The direct importation 

of oriental goldfish into the United States began at a 
DESCRIPTION comparatively recent date. The first specimens seem 
Body deep and stout, moderately compressed. Av- to have been brought over by Rear Admiral Daniel 
erage length 152-203 mm (6-8 in). Depth into TL Ammen, USN, in 1878, and fish of that lot were pre- 
2.9-3.6. Head length into TL 3.8—4.1. Snout pointed. sented to the United States Fish Commissioner and 
Maxillary short, reaching to below nostril. Mouth ter- extensively bred at the government nurseries in 
minal, oblique; barbels absent. Pharyngeal teeth 4-4 Washington. Subsequently, large numbers of Japa- 
on heavy arch, 1 tooth conical and 3 with crowns ex- nese goldfish were brought into the United States by 
panded laterally, compressed dorso-ventrally, and private fanciers and by regular dealers; other impor- 
sheared off at an angle. Gill rakers 37-43. Fins heavy, tations were made from Europe. 
rounded on edge; dorsal originating over or slightly At the World’s Columbian Exposition in Chicago in 
ahead of pelvic fin; dorsal fin long, of 1 spinous soft- 1893, goldfish were kept in pools and lagoons as ex- 
ray serrated posteriorly and 15-19 rays; anal fin of 1 hibits, and afterward were released or escaped into 
spinous soft-ray serrated posteriorly and 5 (6) soft Lake Michigan (Woods 1970). Large goldfish can still 
rays; pectoral fin rays 15-16; pelvic fin rays 9 (8). be seen in the weed beds of the yacht harbors in the 
Lateral line scales 27-30; lateral line complete. Diges- area. 
tive tract, of several loops, about 1.5 TL. Chromo- In Wisconsin, the earliest stocking of the goldfish 
somes 2n = 100 (Kobayasi et al. 1970). was in Lake Mendota in 1855 by Governor Farwell 

Color variable from olive green to red, orange or (McNaught 1963). Today the most frequent reports of 
gold, commonly orange variegated with black. Gen- goldfish in Wisconsin come from Milwaukee County. 
eral dull gray-olive in some populations. Scott and They have been observed in the Milwaukee River 
Crossman (1973) suggested that the highly colored fish from near the Ozaukee county line to the downtown 
became more rare, partly as a result of selective area. Small schools of goldfish are often seen near the 
predation by fish-eating birds, such as herons. Peri- surface of the water below the State Street and Wells 
toneum dusky to black. Young variable from green, Street bridges. Many Milwaukee ponds and lagoons 
bronze to black. are ideally suited to this species, which has been re- 

Sexual dimorphism: In males, fine breeding tu- ported from Saveland Park Pond (Poff and Threinen 
bercles on opercles, back, and on pectoral fins. Male 1964), Jackson Park, and Mitchell Park. Richard How- 
with longer pectoral and pelvic fins than female. miller (pers. comm.) noted: “Many years ago I caught 

Hybrids: Goldfish x common carp (UWSP 3263), hordes of goldfish, all colors, to about 14 inches in 
from the Milwaukee River at Estabrook Park (Mil- Mitchell Park—could be a sizeable population there.” 
waukee County); from the Crawford River (Dodge Some of the goldfish that have been reported in 
County) and the Milwaukee River (Milwaukee Wisconsin may have been unwanted pets that were 
County) (Wis. Fish Distrib. Study 1975). released into public waters. In a Department of Natu-
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ral Resources survey in 1942 (Noland 1951) only a population reaches a high density, an excretion from 
single specimen (weight 0.5 kg) was taken from Lake the goldfish represses further spawning (Swingle 
Wingra. Wisconsin’s northernmost goldfish record is 1956). 

of an isolated individual taken from Lake Butte des The spawning behavior of the goldfish is not gen- 
Morts (Winnebago County)—“a goldfish the size of erally accompanied by as much splashing as that of 
a large white bass ... caught by Elmer Sauer, the carp, in part because goldfish are smaller. The fe- 
Neenah ” (Wis. Conserv. Bull. 1943 8[8]:27). male may be accompanied by two or more males, 

In Wisconsin, the goldfish is common in some and the eggs are released at depths of 15 cm over 
sluggish streams and in the lakes and lagoons of ur- submerged aquatic plants or willow roots. According 
ban centers. It is found occasionally in protected to Webster (1942), several males “wildly chase the fe- 

areas of Lake Michigan. male” as she scatters the eggs. Spawning starts at 
The goldfish inhabits shallow water with dense about daybreak and lasts into the afternoon. 

vegetation in warm lakes, reservoirs, rivers, and The first spawn of the season is generally the larg- 
quiet streams. The adults generally are near the bot- est, with individual fish spawning 3-10 lots of eggs 
tom, but sometimes appear in schools at the surface. at intervals of 8-10 days. A female may lay 2,000-—4,000 

eggs at one time. Her ovaries hold 160,000—380,000 
BIOLOGY eggs (Muus and Dahlstrom 1971). The eggs are usu- 
Spawning occurs when the water temperature reaches ally attached singly, rarely in twos and threes, to 
15.6°C (60°F), and spawning continues throughout aquatic plants and other fixed objects, at intervals of 
the summer if the temperature remains above 15.6°C 12-25 mm (Mansueti and Hardy 1967); the eggs are 
and the fish are not overcrowded. In Wisconsin the adhesive and stick to any object they touch. The male 
season may run from April to August. After the fertilizes the eggs immediately.
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The eggs are about 1.6 mm diam, smaller if from ously inhabited by other goldfish have shown that 
small fish. They are clear when laid and turn brown such experimental fish grew better than the controls 
as they develop. Dead eggs are cloudy and opaque. did in “unconditioned” water. The improved growth 
The incubation period is from 46 hours to 14 days, may have been due to the uptake of regurgitated 
depending on temperature: 8-10 days at 15°C (59°F), food from the conditioned water. More likely, how- 
5 days at 20°C (68°F), 46-54 hours at 29°C (84.2°F) ever, it was due to the presence of a growth-promot- 
(Mansueti and Hardy 1967). At hatching the yolk-sac ing substance that could be isolated from the slime in 
larvae are 3.0-5.0 mm long, possibly as long as 8.0 the tanks with conditioned water. This substance was 
mm. The elaborate developmental process is de- found to be effective in stimulating growth at dilu- 
scribed and illustrated up to the 30 mm stage by tions as low as 1.2 ppm (Lagler et al. 1977). 
Mansueti and Hardy (1967). When first hatched the In the Milwaukee River some goldfish purportedly 
larvae cling to plants or remain quietly on the bot- grow to 457 mm (18 in) (Milwaukee Journal 30 July 
tom, but after 1-2 days they become free-swimming. 1972). In Ohio, adults are usually 254-406 mm long 

In many parts of Europe, male goldfish are not and weigh 340-1,588 g (12 oz-3.5 Ib) (Trautman 1957). 
found and the whole population consists of females. Trautman noted that specimens more than 457 mm 
The mode of reproduction in a goldfish population TL almost invariably show some hybrid characters. 
without males is discussed by Muus and Dahlstrom Sexual maturity varies depending on the strain. 
(1971:134): Some fantail varieties may mature in 9 months, while 

. .. These females reproduce by pairing with males of re- other varieties may not do so for 3 or 4 years (Breder 
lated species such as carp, crucian carp, etc. During spawn- and Rosen 1966). Trautman (1957) noted that indi- 
ing true fertilization does not take place, for the spermato- viduals from small ponds spawn at a length of 127 
zoa penetrate the outer membranes of the eggs but perish mm (5 in). Normally maturation occurs at an age of 
before their nuclei combine with those of the eggs. How- 3-4 years, at lengths of 150-200 mm (Muus and 

ever, the mere presence of the sperm stimulates the egg Dahlstrom 1971). 

nuclei to start dividing and thus produce new individuals. The usual longevity of goldfish is 6-7 years. The 
The offspring produced in this way will have received only maximum observed longevity is 30 years (Brown 
the hereditable genes of the female, and therefore can only 1957). 
become females. This form of reproduction is known as Goldfish have developed an organ in the roof of 

gynogenesis, and is extremely rare among animals. the mouth (palatal organ) where food is tested by 

Goldfish from the Milwaukee River (Milwaukee taste and touch (Lagler et al. 1977). They are omni- 
County) collected in September 1966 showed the fol- vorous feeders, consuming a variety of larvae and 
lowing growth during the first 4 years of life: adult aquatic insects, mollusks (such as small clams 

and snails), crustaceans, aquatic worms, and aquatic 
Calculated TL at vegetation (Scott and Crossman 1973). 

qh Annulus Goldfish frequent the deep water off of bars during 
Age No. of fon a most of the year, but in spring they move into the 

Class Fish Avg Range! shallows (Cahn 1927). According to Trautman (1957), 
a 2 4 = BI-87 the goldfish has about the same ecological require- 

\ 9 120.2 106-140 67.3 : 
" 6 1513 132-168 Gee? 1268 ments as the carp; however, it seems to be less toler- 

ul 3 188.0 170-200 81.7 1347 1683 ant than the carp of moderate or high gradients, cool 
- water, great turbidity, and domestic and industrial 

Avaweignted) ts BBS HOS pollutants. It often reaches greater numbers than the 
carp in shallow water and in dense aquatic vegeta- 

In New York (Carlander 1969, citing G. C. Em- tion. 
body) growth of the goldfish was: 0—64 mm FL, I— The preferred temperature for younger goldfish in 
89 mm TL, II—127-152 TL. In Ontario, the fork length- the laboratory is 27.8-28.6°C (82—83.5°F); the upper 
weight relationship from wild specimens taken from lethal limit, according to the Federal Water Pollution 
Silver Lake, Port Dover, was: 222 mm—340 g, 229 Control Administration, is 41.4°C (106.5°F) (Clark 

mm—397 g, 260 mm—510 g, and 267 mm—680 g 1969). Goldfish in a warm environment were trained 
(Scott and Crossman 1973). to cause a small drop in their environmental temper- 

In Iowa the condition factor (K,,) for 197 fish, ature by pressing a lever; temperatures between 33.5 
79-228 mm SL, averaged 3.54 (Carlander 1969). and 36.5°C (92.3 and 97.7°F) were subsequently se- 

Experiments with goldfish grown in water previ- lected by the fish most of the time (Rozin and Mayer
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1961). Riege and Cherkin (1971) noted that memory The goldfish is the best known of our domesticated 
retention in goldfish increased when the temper- fishes. Available in novelty stores, along with all 
ature increased from 10 to 30°C (50 to 86°F). sorts of fishbowls and aquariums to accommodate 

The speed of travel of the goldfish is 3.6 km/hr them, goldfish often become the showy centerpiece 
(2.23 mi/hr) (Lagler et al. 1977). Removal of the fore- of our living rooms. They are hardy and easily kept, 
brain leaves the goldfish with less initiative and often surviving long periods of neglect. 
spontaneity in exploring its environment. All goldfish have scales, but in the course of culti- 

Endocrinal studies have shown that ACTH (adre- vation varieties have been developed whose scales 
nocorticotropic hormone) of the pituitary has a stim- are so thin and transparent as to be inconspicuous, 
ulating effect on melanin (black pigment) production or, under certain conditions, almost invisible. Fan- 

in the xanthic goldfish. Also, small doses of thyrox- ciers call them “scaleless,” but “transparent-scaled” 
ine cause thickening of the epidermis and a paling of would be more correct. Many varieties have become 

the goldfish (Lagler et al. 1977). popular: the Telescopes (popeyed fish with defective 
The goldfish, although a freshwater fish, has the sight), the Comets, Fringetails and the Veiltails, the 

capacity to adjust to higher than normal salinity and Nymphs, the Fantail, the Veiltail Telescopes, the Veil- 
can tolerate salinities up to 17 ppt (Lagler et al. 1977). tail Moor Telescope, the Lionhead, the Oranda, and 

the Shubunkin. Goldfish have been called the “pea- 
cocks” of the fish world. They have been produced 

IMPORTANCE AND MANAGEMENT by Chinese, Japanese, and American breeders after 
Predation on goldfish by other animals is minimal, long-term, careful development of the breeding stock. 
especially since the highly colored fish are eliminated Much is known about the genetics of the goldfish, 
from the population. The effect of this species on the which has been treated chiefly in the Japanese litera- 
aquatic ecosystem is not clearly understood. Greeley ture. 
(1936) considered it “a worthless although appar- Farming of the showy goldfish varieties in the 
ently not seriously destructive addition to the fish United States started about 1889 in Maryland. Large- 
population.” Dobie et al. (1956) noted that many scale production now occurs in Indiana, Iowa, Kan- 
states prohibit the use of goldfish for bait because of sas, and elsewhere. The goldfish is a good bait fish in 
the danger of introducing them into valuable game- the southeastern states, where it is legal, because it is 
fish waters: “Experience in some of these States has hardy, can live in crowded pails even during hot 
shown the goldfish to be as vigorous as carp in de- weather, reproduces in large numbers, and grows 
stroying game-fish habitats.” Cross (1967) noted that rapidly. Goldfish farming for bait has been well de- 
thoughtless release of goldfish endangers native scribed by Dobie et al. (1956) and Prather et al. (1953). 
fishes through competition: “The goldfish has no ad- In hatcheries where a heavily stocked brood pond 
vantages as a bait-minnow over various native spe- provides fry for eight or ten growing ponds, the pro- 
cies. Therefore, the production and use of goldfish as duction will reach 200,000-300,000 bait fish to the 

bait involves unnecessary risk that anglers ought not acre (500,000-750,000/ha). 
be willing to accept.” In Wisconsin it is unlawful to Goldfish production can be increased in most 
use goldfish for bait. ponds by supplementing the natural food with arti- 

The center for the commercial production of gold- ficial food. Soybean meal, peanut meal, poultry 
fish in the United States is Lake Erie, where in 1936 mash, and cottonseed meal are good supplementary 
commercial fishermen took 30,800 kg (67,800 Ib) (Wis. foods for goldfish (Dobie et al. 1956). 

Conserv. Bull. 1938 3[9]:53). In 1966, 61,200 kg (135,000 Because it is easily produced and is hardy, the 
Ib) of goldfish valued at $4,050 were removed from goldfish has become a favorite experimental animal. 
Lake Erie by haul seines (Lyles 1968). These fish had Many fish biologists use the goldfish as an assay an- 
lost their bright color and resembled carp. Fisher- imal; subjects pursued deal with the toxicity of new 
men have taken enormous quantities of goldfish in chemicals, temperature sensitivity, respiration rates, 
seines from the lower Hudson River (New York). They biochemical changes in fish tissues, energy extraction 
have usually been used as fertilizer, or sold in winter efficiency, thermal shock, photoperiodism, and en- 
at a small price for food, “but they are rarely pur- docrines. The goldfish is the aquatic counterpart of 
chased twice by the same person, they are so bony” the guinea pig and the rabbit in experimental re- 
(Greeley 1936). search.
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Golden Shiner Sexual dimorphism: Breeding male with red- 

orange pelvic fins and orange, black-margined anal 

fin; back swollen at nape. According to Forbes and 
Notemigonus crysoleucas (Mitchill). Notemigonus—back, Richardson (1920), the lateral body scales are rough 

half, angle; the back being almost keeled; cryso- with minute tubercles. 
leucas—gold, white. 

Other common names: bream, American bream, DISTRIBUTION, STATUS, AND HABITAT 
roach, American roach, butterfish, eastern golden The golden shiner occurs in all three drainage basins 

shiner, sunfish, dace, bitterhead, chub, gud- in Wisconsin, although it is less extensively distrib- 

geon, young shad, windfish, goldfish. uted in the unglaciated southwestern quarter of the 

state. In Wisconsin the golden shiner is common to 
abundant. 

. It inhabits lakes, ponds, reservoirs, and river areas 
Pe OS with limited current, where it is generally found in 
eT al ae a sloughs and pools, seldom in riffles. In Wisconsin it 

; sata ale Gs occurred in rivers of the following widths: 1.0-3.0 m 
(10% frequency), 3.1-6.0 m (15%), 6.1-12.0 m (15%), 

Immature 52 mm, L. Poygan (Winnebago Co.), 8 Aug. 1971 12.1-24.0 m (36%), 24.1-50 m (18%), and more than 
50 m (7%). It was encountered most frequently in clear 
water over substrates of sand (33% frequency), mud 

- (20%), gravel (19%), silt (11%), rubble (5%), detritus 
ek ye eran 7 7 (4%), boulders (3%), clay (3%), bedrock (1%), and marl 

| . (1%) at depths of 0.6-1.0 m. Specifically a fish of 
a weedy waters, the golden shiner prefers shoals where 

3 aquatic vegetation is moderate to very dense, and is 

Adult 110 mm, Mill Cr. (Dodge Co.), 8 Sept. 1973 seldom found on the wave-washed, sand-bottomed 

shoals of lakes where vegetation is absent. 
DESCRIPTION 
Body deep, strongly compressed laterally. Average BIOLOGY 
length 102 mm (4 in) TL. Depth into TL 3.8-5.8. Head At Wisconsin’s latitude, the golden shiner has a long 
triangular, length into TL 5-5.8. Snout pointed. spawning season, extending from the time the water 
Mouth small, almost vertical (strongly oblique), the reaches 20°C (68°F) through the rest of the summer 
maxillary not reaching front of eye; barbel absent. (Dobie et al. 1956). In Michigan spawning has been 
Pharyngeal teeth 5-5, slender, strongly hooked at tip observed from June to August, with some evidence 
with well-developed (often serrated) cutting edges that the season begins in May (Hubbs and Cooper 
below; arch slender. Eye into head length 3—4.2. Gill 1936); in New York spawning usually begins in May 
rakers long, slender, about 16. Dorsal fin origin dis- and continues into August (Forney 1957); in Con- 
tinctly posterior to pelvic fin origin; dorsal fin straight necticut, it occurs from mid-June to mid-August 
to slightly falcate, rays usually 8; anal fin rays usu- (Webster 1942). 
ally 11-13; pectoral fin rays 15-17. Pelvic fin rays 9(8), During the spawning period there are sometimes 
pelvic process in some populations. Lateral line scales four or five distinct spawning peaks (Mansueti and 
42-54; lateral line strongly decurved, complete. A Hardy 1967). Spawning occurs at temperatures be- 
pronounced fleshy keel between pelvic fins and anal tween 20 and 27°C (68 and 80.6°F); when the water 
origin over which the scales do not pass. Digestive temperature exceeds 27°C, spawning activity ceases 
tract (end of pharynx to anus) is a single S-shaped unless a cool rain reduces the water temperature suf- 
loop 0.6—-0.7 TL. Chromosomes 2n = 50 (Gold and ficiently to shock the fish into further spawning activ- 
Avise 1977). ity. The time of spawning is usually early morning to 

Back golden underlaid with olive green; sides more noon. 

golden with silvery reflections; belly yellowish or yel- Spawning occurs over beds of submerged vegeta- 
low-silvery; fins light olive or yellow. Young and im- tion. One or two males pursue a female, nosing her 
mature with a definitive lateral stripe about the width cheeks, opercles, and the sides of her abdomen; she 

of pupil from eye or snout to caudal base. Peri- drops her eggs as she swims (Webster 1942). Greeley 
toneum dusky or silvery with large dark speckles. and Greene (1931) observed fish swimming back and
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forth over beds of vegetation with rapid circling Kramer and Smith noted that golden shiner eggs 
movements; later considerable quantities of golden which had been laid in unused largemouth bass 
shiner eggs were found clinging to the vegetation nests disappeared before hatching, while those laid 
and to stones. in occupied nests hatched at about the same time as 

Golden shiners have occasionally failed to spawn the bass eggs. The abundance of young-of-year in the 
successfully in ponds lacking aquatic vegetation (For- summer was directly proportional to the percentage 
ney 1957). Mats of straw submerged along the shore of bass nests used for spawning in the spring. 
provide a suitable spawning site in ponds where On 14 June 1965 in Long Lake (Florence County), 
dense plankton blooms prevent the growth of fila- a female (133 mm TL), with ripe ovaries constituting 
mentous algae. 10% of total body weight, contained an estimated 

In Minnesota, golden shiners were observed 2,290 yellow mature eggs 1.1 mm diam, and 390 white 

spawning in largemouth bass nests (Kramer and immature eggs 0.7 mm diam. A second female (141 
Smith 1960b). In a 3-year period, 4-75% of the active mm TL) had ovaries constituting 7.2% of the body 
bass nests in a lake, and 40-94% of them in an ad- weight with a total of 4,670 eggs. The mature eggs 
joining slough, were used by golden shiners. Schools were 1.0 mm diam, and the immature eggs were 0.4 
of 25-100 shiners deposited eggs in bass nests 1-2 mm diam, in a ratio of 1:1. Mansueti and Hardy 
days after the bass had spawned, and the male bass (1967) report fecundity up to 200,000. The eggs are 
guarding the nest did not interfere with the spawn- adhesive and lack oil globules. Incubation is 4 days 
ing activity of the shiners, except during 1 year of the at 23.9-26.7°C (75-80°F) (Dobie et al. 1956). 
3-year study. Eggs were deposited on mats of needle M. Fish (1932) described and illustrated the 18.0- 
rush (Eleocharis acicularis), humps of fibrous organic mm stage of the golden shiner, and noted that al- 
debris, and bare sand. though a 24-mm specimen was fully scaled, it pos-
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sessed a fleshy keel on the belly behind the pelvic An 8-year-old, 195-mm-long golden shiner (UWSP 
fins over which the scales did not pass. The juveniles 4539) from Arbor Vitae Lake (Vilas County) had the 
are found in schools near the periphery of ponds, or following growth at the annuli: 1—28 mm, 2—59 mm, 
in the open water of shallows not far from vegeta- 3—83 mm, 4—127 mm, 5—154 mm, 6—172 mm, and 
tion. In lakes with rock shores, the young remain in 7—185 mm. However, this species lived for 10 years 
deeper water where vegetation may be found. in a New York aquarium (Nigrelli 1959). It purport- 

In Minnesota ponds, total length has been calcu- edly reaches 305 mm (12 in) TL and a weight of 680 
lated for age in terms of days (Dobie et al. 1956): 8 g (1.5 lb) (Adams and Hankinson 1926). 
mm—10 days, 15 mm—20 days, 23 mm—30 days, 30 There is considerable variation in rate of growth. 
mm—40 days, 38 mm—50 days, 46 mm—60 days, The golden shiner grows more rapidly in the warmer 
and 53 mm—70 days. waters in southern Wisconsin than in the cooler wa- 

In Wisconsin, the growth of young-of-year follows: ters in northern parts. Females grow faster, attain a 

larger size, and live longer than males (Hubbs and 

TL Cooper 1936). This species may mature in 1 year in 
No. of (mm) warm regions at a length of 64 mm (2.5 in), but in 

Date Fish Avg Range Location most of the lake states it probably does not mature 
10 July 26 43.5 33-52 Mississippi R. (Grant Co.) before age II (Dobie et al. 1956). 
18 July 5 30.6 26-36 —_L. Poygan Maushara Co.) From lakes near Madison (Dane County) golden 

eauy Bo ASS) Mesh CwordGo) shiners 25-152 mm (1-6 in) TL had eaten large quan 
8 Aug. 18 47.3 36-57 _L. Poygan (Winnebago Co.) tities of cladocerans (57.6%), copepods (16.5%) and 
9 Aug. 28 48.4 39-55 _L. Poygan (Winnebago Co.) insects (9.7%, largely Diptera), and lesser amounts of 
i ae a = a Seen teeeet a) amphipods, ostracods, mites, mollusks, plant re- 

14 Sept. 84 55.4 39-67 —_ Lemonweir R. (Monroe Co.) mains, silt, and debris (Pearse 1918). In golden shin- 
18 Sept. 36 53.2 46-65 — White Clay L. (Shawano Co.) ers from Waukesha County (Cahn 1927), the food 
teSept 5 646 61-68 wean (Dour eay Miche consisted largely of entomostracans, Hyallela, young 

— waterboatmen and backswimmers, and occasionally 
young leeches. Aquatic vegetation comprised about 

Age is determined by reading scales. In this spe- 20% of the food. 
cies the annuli are very clear. Golden shiners from In Missouri, Divine (1968) noted that a wide va- 
Pool 10 of the Mississippi River (Grant County), col- riety of food organisms was consumed by shiners, 

lected 10 July 1962, showed the following growth: and that the dominant organism was never the same 
from one month to the next in the same pond. Each 

Calculated: Thict size group appeared to concentrate on consuming 
" Ana foods of a particular type; for instance, the 13- to 37- Age No. of (mm) (mm) 00 P Pe; ’ 

inss Fh Ava Range a s° a mm group ate protozoans, copepods, cladocerans, 
2 #8 we sho > and plant fragments, and the 38- to 59-mm. group 

| 43 97.0 85-110 441 consumed Hexagenia, bushy pondweed (Najas), and 
t 6 122.5 107-132 35.8 86.0 bur marigold (Bidens). Although they consumed a 
" j 153 32.2 83.6 123.0 wide variety of foods, three or fewer items usually 
Avg (weighted) 429 85.6 123.0 made up more than 90% of the diet. In some ponds, 
aint iin iad filamentous algae made up the bulk of the diet dur- 

. ing certain months. The 60- to 89-mm group relied on 
Shiners from Pool 7 of the Mississippi River (La- insects in July, August, and September, but in June 
Crosse County), collected 2 May 1968, showed the Closterium was important, and plant materials re- 
following growth: placed insects in September. Bur reed (Sparganium) 

was the most extensively used of the higher plants, 
TL Calculated TL at Annulus and Spirogyra and Oedogonium made up the bulk of 

Age No.of mm) mm the filamentous algae. The 90- to 129-mm group con- 
Gloss, Fish’ __iAvg! _ Range H(t sumed the greatest variety of forage organisms, from 

" 3 112.3 102-130 51.5 112.3 protozoans, rotifers, cladocerans, copepods, and 
iu 3 140-0 “1864S S08), BRE) 1607 Hexagenia to filamentous algae, colonial algae, and 
Vv 1 200 28.0 91.9 137.3 1883 200 higher plant material. 

: The food habit studies made by many researchers 
aveiweigined); +989) 10012 1988 “188 200" reveal that the golden shiner feeds more on animal
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plankton (chiefly water fleas) than on any other main In water salinities of 2, 4, 6, and 8 ppt, the eggs of 
group of food organisms. Insects, both aquatic and both golden shiners and goldfish were only slightly 
terrestrial, and diatoms and other algae, are of con- affected. Immediately after hatching, however, a 
siderable importance, especially in certain localities, marked reduction in salinity tolerance was observed. 
but they are of less significance than the minute crus- Total mortality of fry of both species occurred in the 
taceans. Other food items recorded include small 8 ppt salinity tanks. Salinities as low as 2 ppt reduced 
clams, snails, protozoans, water mites, and small survival in both species. Only 7% survival of the 
fishes (Hubbs and Cooper 1936). golden shiner fry occurred at the end of 3 weeks at 

Golden shiners are classified as sight feeders. Their salinities of 6 ppt (Murai and Andrews 1977). 
mouths are uptilted, and they feed mostly at or near Fish associates observed in the Wisconsin River 
the surface. The bacteria Escherichia, Aerobacter, Pseu- (Grant County) were: golden shiner (205), paddlefish 
domonas, and Flavobacterium are believed to be regular (1), gizzard shad (156), quillback (8), river and/or high- 
inhabitants of the intestines of golden shiners in fin carpsuckers (5), bigmouth buffalo (2), white sucker 

southern Illinois (Franklin 1964). (6), bullhead minnow (35), bluntnose minnow (3), 
The golden shiner is easily damaged by handling, pugnose minnow (72), emerald shiner (10), spotfin 

and it is very excitable; consequently it is not recom- shiner (493), spottail shiner (7), river shiner (5), Mis- 

mended as a bioassay animal (Ward and Irwin 1961). sissippi silvery minnow (3), black bullhead (48), north- 

It will jump out of the water at a sharp noise from a ern pike (3), white bass (25), yellow perch (4), west- 

boat or from the shore. Although generally associ- ern sand darter (3), johnny darter (4), logperch (2), 
ated with shallow water, many shiners 203 mm or smallmouth bass (11), largemouth bass (8), pumpkin- 
larger have been noted in water 1.5-3.7 m (5-12 ft) seed (1), bluegill (8), black crappie (42), white crappie 

deep where plants were not especially numerous (2), brook silverside (11), and freshwater drum (4). 

(Adams and Hankinson 1926). 
The golden shiner is the only fish that survives in IMPORTANCE AND MANAGEMENT 

some ponds and sloughs where the oxygen is com- The golden shiner is used extensively as a food 
pletely exhausted in winter. In field studies, the low- minnow by many game fishes, including crappies, 
est observed oxygen tension at which all fish sur- bass, and muskellunge. It is eaten by pied-billed 
vived for 48 hours was 1.4 ppm, and the highest grebes, mergansers, bitterns, green herons, night 
observed oxygen tension, which killed all fish within herons, greater yellowlegs, fish hawks, kingfishers, 
48 hours, was 0.0 ppm (Moore 1942). At oxygen lev- and crows (Adams and Hankinson 1926). It is a trib- 
els of 0.2-0.0 ppm in Michigan lakes, there was some ute to the reproductive capacities of the golden shiner 
survival of golden shiners, but there was a heavy kill that it can remain abundant while living in a habitat 
of game and panfish (Cooper and Washburn 1949). with so many animals which use it for food. 
Moore noted that small individuals are less tolerant The golden shiner is a known host to the glochidial 
of low oxygen levels than are larger individuals of stage of the clam known as the floater, Anodonta gran- 
the same species, at both summer and winter tem- dis, hence contributing to the success of that mollusk 

peratures. species. 
In a Canadian study the shiner was an associate of The golden shiner has a reputation as an excellent 

the rock and smallmouth bass at water temperatures bait minnow for game and panfishes, and it is a good 

of 20.7-21.4°C (69.3-70.6°F), but was never taken with bait for walleyes. The greatest demand for it comes 
the mottled sculpin and the brook trout, which fre- in those seasons when the water is cold. A very deli- 
quented waters at temperatures of 15.7-16.6°C (60.3- cate minnow, it is hard to keep alive in a bait pail in 
61.9°F) (Hallam 1959). The upper tolerance limit of the summer. 
golden shiners is about 34°C (93.2°F). In a shallow Large golden shiners will take artificial flies, and 
Michigan pond at water temperatures as high as 38°C may provide some sport on light tackle. There is a 
(100.4°F), high mortality occurred in the umbrid, cas- diversity of opinion as to the palatability of golden 
tostomid, cyprinid, ictalurid, and percid groups (Bai- shiners, and perhaps this is a matter of regional 
ley 1955); among the species undergoing appreciable tastes. In the East, large individuals have been used 
mortality was the golden shiner. Carlander (1969) re- for home consumption, and constitute a potential 
ported freely swimming golden shiners in water at supply of nourishing human food (Hildebrand and 
30°C (86°F); when frightened in waters of 27-35°C Schroeder 1928, Adams and Hankinson 1926). Forbes 

(80.6-95°F), some shiners died but others re- and Richardson (1920) mention it as an excellent pan- 
grouped. fish.
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Natural reproduction of golden shiners does not warm weather if treated with care (Forney 1957). 
meet the needs of the bait industry in Wisconsin, and However, to raise golden shiners, ponds must be free 
many tankloads of this minnow are raised in Arkan- of fathead minnows to ensure spawning success (Do- 
sas and trucked into the state for distribution to bait bie et al. 1956). 
stations. In its first season, the golden shiner makes In New York, fertilized ponds consistently produce 
excellent bait for crappie fishing by September, when greater weights and numbers of golden shiners than 
it is 51 mm (2 in) long; during its second season it is unfertilized ponds. In a 2-year period, the wholesale 
good bass bait. value of golden shiners produced in ten fertilized 

The golden shiner is an interesting and attractive ponds was $1,620/ha, while the value of shiners pro- 
aquarium fish. duced in three unfertilized ponds was only $433/ha. 

The golden shiner may be a valuable mosquito de- The cost of the fertilizer applied was approximately 
stroyer in stagnant water (Adams and Hankinson $150/ha, a small expense for such an increase in pro- 
1926). When a shiner specimen was introduced into duction (Forney 1957). Fertilizers increase the pro- 
a barrel swarming with mosquito wrigglers, it de- duction of microscopic plants, which, as food, in- 
voured practically all of them in a few days. The crease the production of animals used by minnows 
mouth opening on the upper surface of the shiner’s as food. 
head, and its feeding habits at the surface and in The production of eight Minnesota golden shiner 
midwater ideally suit this species for mosquito con- ponds averaged 163 kg/ha (145 Ib/acre), and the max- 
trol, although its impact on natural populations of imum was 437 kg/ha (390 Ib/acre). When production 
mosquitoes is not known. was above 336 kg/ha (300 Ib/acre), about 5% of the 

In 1973, the estimated adult population of golden fish were large enough to be used as pike bait; when 
shiners in Lake Wingra (Dane County) was 7,300 or production was around 168 kg/ha (150 Ib/acre), 70% 

54/ha (Churchill 1976). In Flora Lake (Vilas County), of the fish were large enough for pike bait. 
the population was estimated at different times to be Evidence is presented by Hubbs (1934) that in 
25-287 fish, or 0.9-11.2 kg/ha (Parker 1958). ponds in which adult golden shiner are kept there is 
Methods of propagation of the golden shiner have practically no bass reproduction, since the large min- 

been outlined in Dobie et al. (1948), Dobie et al. nows consume the bass fry. On the other hand, Re- 
(1956), Langlois (1941), Prather (1957a), and Forney gier (1963) noted a reduction of golden shiners in 
(1957). It spawns readily in ponds, and reaches bass management ponds stocked with largemouth bass 
size in 6-12 months. Golden shiners 70 mm (2.75 in) and golden shiners. In these the bass preyed on the 
long can be seined, transported, and sold even in shiners to the point of eliminating them entirely.
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Creek Chub small, black basicaudal spot. Lateral stripe becoming 
faint and diffuse in adults, disappearing in the oldest 
and largest fish. All fins with rays edged in pigment, 

Semotilus atromaculatus (Mitchill). Semotilus—banner the dorsal and caudal fin membranes darkly pig- 
(i.e., dorsal fin), spotted; atromaculatus—black, mented. Peritoneum silvery to light gray. 

spot. Breeding males with 6 to 10 or 12, large sharp tu- 
Other common names: horned dace, northern horned bercles on each side of head, smaller tubercles on 

dace, common chub, northern creek chub, tom- opercle, on first 6-8 rays of pectoral fin, and on up- 

mycod, brook chub, silvery chub, mud chub, per scales of caudal peduncle. Body, sides of head, 
blackspot chub. and fins usually with a rosy tint; occasionally yellow, 

blue, and purple on sides of head and body. 
: Sexual dimorphism: In male, pectoral fin length in 

. gh SL 5.4-6.6, generally 6 or less; in female 6.2-6.7. 

ez = Hybrids: Creek chub x redside dace (Greene 
™ QO ee 1935), creek chub xX common shiner (Raney 1940a, 

ey Greeley 1938), creek chub x southern redbelly dace 
and creek chub x stoneroller (Cross and Minckley 

Adult male 125 mm, Wakefield Cr. (Florence Co.), 22 June 1965 1960, Cross 1967), creek chub x longnose dace (Slas- 
tenenko 1957). 

a : SYSTEMATIC NOTES 
f — Two subspecies, Semotilus a. atromaculatus (Mitchill) 
— a Sing alee gS and S.a. thoreauianus Jordan, are recognized (Hubbs 

i: P — and Lagler 1964). The former is wide-ranging, and is 
found in Wisconsin; the latter is found in the eastern 

Adult female 105 mm, Wakefield Cr. (Florence Co.), 22 June 1965 parts of the Gulf of Mexico drainage (extreme south- 
eastern United States). The major distinguishing fea- 

DESCRIPTION ture between the two subspecies is difference in scale 
Body robust, almost cylindrical, slightly compressed size, which is clinal in nature; subspecific distinctions 
posteriorly. Average length 102 mm (4 in) TL. TL = may be unwarranted (Bailey et al. 1954). 
1.21 SL. Depth into TL 3.8-5.9. Head length into TL 

4.0-4.7. Snout bluntly pointed. Mouth terminal, DISTRIBUTION, STATUS, AND HABITAT 

slightly oblique, large and extending to below ante- The creek chub is widely distributed in all three 
rior part of eye; upper and lower lips thick, upper lip drainage basins in Wisconsin. Although it has been 
groove continuous over tip of snout; a flaplike barbel reported in the Great Lakes to 13 m (Hubbs and Lag- 
in upper lip groove slightly in advance of the corner. ler 1964), no recent reports are known from Lakes 

Pharyngeal teeth usually 2,5—4,2 (occasionally 2,4-4,2 Michigan and Superior. It is frequently recorded at 
or 2,4-5,2), strong, hooked; sturdy arch. Eye into the mouths of streams entering these lakes, and it 
head length 3.8-6.6. Gill rakers short, conical, widely has been taken in the shallows of lower Green Bay. 
spaced on lower limb, about 8. Dorsal fin origin The creek chub is abundant in small- and medium- 
slightly behind origin of pelvic fin; dorsal fin rays 8 sized streams and rivers over the entire state. It is 
(a distinct dark spot at base of first 3 rays); anal fin rare in large rivers and in lakes. It is a common Wis- 
rays 8; pectoral fin rays 16-17; pelvic fin rays 8. Lat- consin minnow, and although its populations are eas- 
eral line scales 49-66 (average, Lafayette County ily exploited, they restore quickly. This species is tol- 
55.1, Portage County 58.03, Florence County 58.43, erant of considerable pollution: a native fish with the 
with number apparently increasing from south to tenacity of a weed. Its status appears secure. 
north); lateral line usually complete, sometimes in- The creek chub was encountered over substrates 
terrupted. Digestive tract simply S-shaped 0.6-0.7 of gravel (23% frequency), sand (22%), silt (15%), 
TL. Chromosomes 2n = 50 (W. LeGrande, pers. rubble (11%), mud (11%), boulders (6%), clay (5%), 

comm.). bedrock (4%), and detritus (3%). It occurred in clear 
Back dark olive, sides lighter to silvery (often with to dark brown waters, preferring silt-free to slightly 

violet and purple iridescence in large males); belly sil- turbid waters, although it was also taken from a 
very white. Young with a distinct narrow lateral number of locales with turbid water. It occurred in 
stripe which begins behind the eye and ends in a streams of the following widths: 1.0-3.0 m (28%), 3.1-
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6.0 m (26%), 6.1-12.0 m (20%), 12.1-24.0 m (15%), numbers of immatures undertook at least short up- 
24.1-50.0 m (7%), and more than 50 m (4%). stream migrations. Larval chubs drifted downstream 

The creek chub occurs infrequently in lakes. Of the in early summer, but there is evidence that no other 
441 localities from which Greene (1935) collected this age-groups made substantial downstream migra- 
minnow, only 9 were lakes. In 256 lake collections, I tions. 
found it in only 6. In 18 of 20 Wisconsin lakes, creek The nest-building and spawning behavior of the 
chubs are believed to have been introduced by bait creek chub was originally described by Reighard 
fishermen (Copes 1978). (1910), whose observations were summarized by 

Miller (1964:326): 

BIOLOGY In brief, he found that spawning occurs in a shallow pit 
Spawning occurs from May to July, with most spawn- excavated by the male. By picking up stones in the mouth 
ing completed early in the season. Spawning usually and depositing them on the upstream edge of the pit, the 
begins at a water temperature of 12.8°C (55°F); the male creates a small pile. As digging and stone carrying 
upper limit is near 17°C (62.6°F). It occurs over coarse continue, the male gradually fills in the anterior portions of 
gravel runs in currents of 0.3—0.7 m/sec (1-2.4 ft/sec), the pit and extends the excavation farther downstream. 
and over littoral areas of gravel in lakes. Prolonged activity forms a ridge of gravel one to several 

‘ « P feet long and about a foot wide covering a previously ex- In some streams creek chubs migrate into suitable d h and a shall : : Pith * In Iowa (Paloumpis 1958), the earl cavated trench and a shallow pit (newest section of the 
spawning, aresoae Ey t y trench) just downstream to the ridge. The male defends the 
run consisted of males, but about 2 weeks later, it pit and sometimes parts of the ridge against other male 
Was predominantly females. In a small headwater predators. Spawning occurs when a female enters the nest 
stream in Illinois (T. Storck, pers. comm.), nearly all and approaches the male, which clasps her between pec- 
mature males, 80% of the mature females, and large toral fin and body. When the clasp of less than a second,
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egg release, and fertilization are over, the female floats up- spawn with a female when the dominant nesting 
ward for a few seconds apparently stunned, then swims male is absent. 
away. Since spawnings are interspersed with nest-building Combat between chubs seldom involves bodily 

the eggs become imbedded in a shallow gravel pile that contact, despite the following account from Reighard 
probably deters predators after the male deserts the spawn- (p. 1128): 
ing site and protects the eggs from sediment. 

. . + If the male dace that approaches the nest is of the same 
size as the nest occupant a battle frequently ensues. The 
two strike at each other with their heads in apparent efforts 

} 6 to inflict wounds with the sharp pearl organs. They often 
L struggle together fiercely in these encounters, but neither 

\\ \\, fish appears to suffer any injury. 

SN ~ \\ Recent studies (Ross 1977, Miller 1964) have shown 
SSs5 ‘ AN Hr ag that fighting is rare. Nesting male chubs seldom swing 
Say at oe their heads with enlarged tubercles against other 

BP Sirs aS ; eR mae fishes while around the nest, and overt aggression 
ee AE #2 rarely occurs during creek chub interactions. Rit- 

. Ho ese ualized, rather than overt, aggression is common in 

< bees vertebrate social systems, and appears characteristic 
ae 7 of creek chubs. 

dil. AS 3 The parallel swim is a ritual combat between a res- 
ie WS Sy ident male and an intruding male. During the paral- 
SAY lel swim, which carries the antagonists one or more 

Q meters upstream from the nesting site, the dorsal, 
L | anal, and pectoral fins are spread wide, and forward 

Yi ‘| \\\ movement by the strong, undulating caudal beats is 
Ut i \\\ relatively slow (Miller 1964). Several clearly observed 

fish had their mouths open during parallel-swim- 
The spawning embrace of the creek chub. The male is curved ming, but this may not always occur. Progression 

about the body of the female, which he has flipped into an up- seems to be slow because the caudal beats not only 

Hight Rositien((Reidhard 1910;1130). propel the fish, but intimidate the opponent. Thus 
they resemble the tail-beating movements common 

Probably not more than 25-50 eggs are released at in many species inhabiting still waters. The tail-beat- 
one time. The female drifts downstream, but may re- ing effect is probably of primary importance because 
turn shortly for another spawning in the same or an- it often is begun when the fish are still side by side, 
other nest. and is prominent especially when one fish is some- 

Ross (1976) observed three types of nest-entry be- what ahead of the other. When this happens, the 
havior of female creek chubs: moving passively forward fish stops, but continues to make caudal un- 
downstream into the nest tail first, swimming in dulations, directing the tail blows at the head and 

circles as the nest was being approached, and assum- forebody of the other. 
ing a prespawning position in the nest before being The creek chub occasionally appropriates spawn- 
detected by the nesting male; otherwise, a direct en- ing pits from stoneroller minnows, which are driven 
try into the nest produced male aggression, and the away. The creek chubs may also move into a nest 
female was driven away. containing one or more common shiners, and dig or 
Communal nesting sites (Ross 1977) are attended carry stones without opposition (Miller 1964). At 

by several males: the nesting male who is the domi- times, shiners are so active that they bump and jostle 
nant male that controls the nesting territory, and the a chub working in the same nest; when this hinders 
nest-watching male(s) who, when the nesting male is the chub, he turns and swings his head toward the 
chasing an intruder away or parallel-swimming, en- nearest shiners, driving them back a few centimeters. 
ters the nest and initiates nest building. Upon return, After a minute or two, the shiners usually crowd into 
the nesting male chases the nest-watchers from the their original positions, and the chub threatens 
nest. These remain near the periphery of the nest, again. Often many male common shiners are actively 
watching for another opportunity to enter. Occasion- engaged in digging, courting, spawning, and fight- 
ally a nest-watcher will have the opportunity to ing in a milling swarm around a pit-digging chub.
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Copes (1978) observed spawning in the Tomorrow In Iowa (Dinsmore 1962), mean total lengths at the 
River (central Wisconsin) in nests which were never first 3 annuli were 58.2, 94.6, and 127.6 mm. In 
over 36 cm (14 in) wide, 15 cm (6 in) deep, and 76 cm southern Illinois the calculated TL (mm) at the end of 

(30 in) long. After one to three females had entered each year was 58, 94, 132, and 160 (Gunning and 
the nest, the male came alongside, wrapped his cau- Lewis 1956). In Sand Creek (Wyoming) during Sep- 
dal peduncle around a female, pressed her to the bot- tember growth was: 0—38.6 (26-52) mm; I—74.2 
tom, and quickly straightened his body, or else the (50-94) mm; II—108.3 (80-135) mm; III—141 (120-161) 
male pressed the female against the side of the nest- mm; IV—163 (147-184) mm; V—184.5 (175-203) mm 
ing depression, and eggs were released. The spawn- (Copes 1978). New annulus formation appeared 1 
ing act lasted less than 2 seconds. One large female July, and most growth ceased by early September. 
entered two nests in less than 10 minutes. Males grow more rapidly than females, and Copes 

Gravid females were collected from the Tomorrow noted that maturity occurs at age III in males, and in 
River on 4 May 1959. A 96-mm fish with ovaries some age-I females. Few creek chubs live longer than 
20.1% of body weight held an estimated 1,115 mature age VI. One 292-mm, age-VIII chub was collected 

eggs, 1.4-1.5 mm diam; a smaller number of imma- from the Tomorrow River in August 1965. The largest 
ture eggs 0.7-0.8 mm diam were present. A 120-mm known creek chub, 330 mm TL, was caught by hook 
fish with ovaries 23.5% of body weight had 2,255 ma- and line from the Pembina River in North Dakota in 
ture eggs 1.6-1.7 mm diam, and fewer immature 1964 (Copes 1978). 
eggs 0.7-0.9 mm diam. The creek chub is best described as an opportunist 

Eggs are covered with gravel by the males after and a carnivore, feeding on whatever organisms are 
each spawning act, protecting them from potential available, from surface drift to benthos. Digestive 
predators. Raney (1969) noted that the spawning ac- tracts of adult creek chubs from Castle Creek (Bay- 
tivities and the nest of the creek chub are attractive to field County) contained: fish (62%), insect remains 

the common shiner and the blacknose dace, which and vegetation (17.5%), amphipods (6.4%), adult Co- 
usually occupy the nest without being attacked. Do- leoptera (4.4%), Ephemeroptera nymphs (4.1%), 
bie et al. (1956) observed that at least 30% of the Odonata larvae (2.3%), and Diptera adults (2.1%) 
males and 15% of the females die each year after and larvae (1.2%). Copes did not find fish in creek 
spawning. chubs smaller than 95 mm TL. Fish made up 90% of 

The eggs hatch within the nest, and the young the volume of food in creek chubs 175 mm or larger. 
make their way out through the chinks between the Observations on the feeding habits of the creek 
stones. Copes (1978) collected fry 10-12 mm on 20 chub are provided by Copes. Schools of young-of- 
July 1974 from the Tomorrow River, and on 11 July year feed actively throughout the day on drift and 
from the Plover River (Portage County). M. Fish benthic organisms, and search in vegetation for food 
(1932) illustrated and described the 14-mm stage. Ac- organisms. Age-I and smaller age-II fish feed exten- 
cording to Copes, scales begin to appear when the sively in vegetated areas of streams. In April and 
fish reach 26 mm, and scales of 30-mm individuals early May larger creek chubs were not observed feed- 
had two to three circuli. Growth of young-of-year is ing before 1100 hr. Copes noted that schools of creek 
rapid, sometimes attaining 89 mm (3.5 in) or more chubs usually do not leave the sheltered areas where 
before the end of the first year. they spend the night until water temperatures have 

Creek chubs from Big Rib River (Taylor County), increased a few degrees from the daily minimum. 
collected 12 October 1974, showed the following Schools of larger chubs are seen foraging on the bot- 
growth: tom and in vegetation for a 1- to 2-hr period; they 

then return to a pool or to a deep run, and appear to 
Calculated TL at lie in wait for drift items. Copes noted that as a drift 

TL Annulus organism neared the creek chub aggregation, from 2 
Age No. of — tm) nm) to 50 chubs rushed to consume it. During July and 
Class Fish Ava Range 1 7 3 August drift items consumed by chubs included 

0 8 399 36-47 leaves, small sticks, willow buds, insects, and other 
i 7 eed ai WEA matter; they also pursued invertebrates, smaller fish, 

Ml 8 141.9 127-160 45.6 81.6 1179 and tadpoles. 
In Iowa, fish identified in the stomachs of creek 

_Avatweighted) 79.9 117.9 chub included the spotfin shiner, common shiner,
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and bigmouth shiner, the bullhead minnow and fat- In Wisconsin the creek chub is a popular bait min- 
head minnow, and johnny darter (Harrison 1950). now for pan and gamefish. Where spearing pike 
Adams and Hankinson (1926) noted that the creek through the ice is allowed, the creek chub makes an 

chub is very fond of the eggs and fry of the brook ideal decoy. It is a hardy minnow, and holds up well 
trout. Even young bullheads have been found in in the bucket or on the hook. It can tolerate consid- 
creek chub stomachs (Hubbs and Cooper 1936). erable exposure to sudden changes in water temper- 

The creek chub is classified as a sight feeder by Ev- ature. Some anglers prefer to “sour” their chubs by 
ans (1952) because the taste lobes of the brain are not placing them in a capped fruit jar in the sun for a few 
enlarged. hours before using them (Harlan and Speaker 1956). 

The creek chub is primarily a schooling species. This minnow readily takes a hook baited with 
Copes observed schools of age-0 creek chubs active worm or a piece of fish, and frequently will take an 
in shallow runs throughout the day during August. artificial fly. It furnishes thrills to thousands of boys 
Age-I and small age-II creek chubs usually are found and girls of all ages who fish along smaller streams. 
in schools which occupy the edges of pools and Its flesh has a fine flavor and is said to taste like 
deeper runs. Creek chubs larger than 180 mm gen- smelt. 

erally do not school; they occupy a sheltered spot in Creek chubs have been accused of competing with 
a deep pool or run at the edge of the current. game fishes for food and of being trout predators, 

Creek chubs winter in deeper pools and runs. since large chubs are known to feed to some extent 
They can be seen lying on the bottom of streams, and on small trout fingerlings. Hubbs and Cooper (1936:60) 
many have been collected from under stream shelters analyzed the problem: 
in November. When alarmed, a school of creek chubs oo. . 
breaks up, and individuals swim rapidly toward . .. Under natural conditions in a stream, a population of 

vegetation and other shelter. In a tagging experi- large trout would probably keep the abundance of this and 
. other minnows in check by eating them, but under existing 

ment, Copes noted that recaptured fish had moved se : . : 
conditions, the survival of these large, competing minnows 

no more than 30 m from where they had been is favored since the intensive fishing on almost all of our 
tagged. . . . trout streams continually removes most of the larger 

The upper temperature at which the water be- fish-eating trout. Thus fishermen by removing the large 
comes lethal to the creek chub during mid-summer trout cause an increase in abundance of chubs, which by 

in Algonquin Park (Ontario) is 32.5°C (90.7°F); the competing for food with the remaining smaller trout de- 
lower lethal temperature is 1.7°C (35.1°F) (Brett 1944). crease the growth and the numbers of trout. On the other 

This species is able to tolerate a wide range of spe- hand, an increase in the abundance of the chubs in a trout 

cies associates under widely varying environmental stream augments the food supply for the larger trout that 
conditions. In Gran Grae Creek (Crawford County) are not taken by the angler. In this way the harm done by 

285 creek chubs were collected with the northern hog the minnows may be compensated for., The whole problem 
sucker (1), white sucker (51), central stoneroller (530), a extremely complicated, and has not Deen: thoroughly 

studied by fisheries investigators. It is probable that a large 
longnose dace (3), blacknose dace (1), bluntnose population of creek chubs is desirable in some trout 
minnow (117), common shiner (50), spotfin shiner streams, but undesirable in others. 

(10), weed shiner (56), bigmouth shiner (146), brassy 

minnow (5), Mississippi silvery minnow (26), central The propagation of creek chubs is outlined by Do- 

mudminnow (1), grass pickerel (2), northern pike (1), bie et al. (1956), Washburn (1948), and Langlois (1941). 
walleye (3), johnny darter (10), mud darter (1), fan- It is well suited for production in large numbers in 
tail darter (1), and warmouth (1). artificial ponds. Creek chubs can be ripened by injec- 

tions of carp pituitary (Ball and Bacon 1954). When 
IMPORTANCE AND MANAGEMENT held in tanks at 7.8-17.8°C (46-64°F), they can be 
Creek chubs are eaten by a variety of natural preda- stripped of eggs in 48 hours. 
tors such as loons, kingfishers, mergansers, wall- Stocking of creek chub fry in growing ponds is es- 
eyes, brown trout, northern pike, and smallmouth pecially successful if there is an incoming flow of 
bass; large creek chubs eat smaller fish of their own spring water; however, even without such a water 

species. supply, 125,000 fry can be stocked to a hectare of 
The creek chub is the host to the glochidia of the water. At the end of 6 weeks at water temperatures 

clams Anodonta imbecilis and Strophitus undulatus; of 21.1-23.9°C (70-75°F) when fry have reached 38 mm 
hence it is partially responsible for the success of (1.5 in) TL, larger items of food, such as fathead 
those mollusks (Hart and Fuller 1974). minnow fry, are recommended.
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Pearl Dace Breeding males with a few minute tubercles on head 
and opercles, densely tuberculate on edges of bran- 
chiostegal rays; lateral body scales and breast scales 

Semotilus margarita (Cope). Semotilus—banner (i.e., with tubercles on posterior edges; close-set and 
dorsal fin), spotted; margarita—a pearl. pointed tubercles on rays 2-6 of pectoral fins. Large 

Other common names: northern pearl dace, northern breeding female occasionally with fine tubercles on 

dace, northern minnow, nachtrieb dace. rays 2-6 of pectoral fins. Adult male with orange to 
bright red stripe along flank below _ lateral 
stripe; females yellow to orange, occasionally red. 

ee ee iene ae ea Vivid colors often present in the fall and persisting 
py g en ae tho +a through spawning. 

ae — Sexual dimorphism: In male, length of pectoral fin 
dl into SL 4.8-5.7; in female, 6.1-7.0 (R. Theis, pers. 

comm.). 
Adult male 97 mm, Big Roche a Cri Cr. (Waushara Co.), Sept. Hybrids: Pearl dace x northern redbelly dace and 

1988 possibly a tri-hybrid with the northern redbelly and 
finescale daces (Legendre 1970). Pearl dace x central 

Z stoneroller from the South Fork of the Hay River 
i Pa (Barron County) (Wis. Fish Distrib. Study, pers. 

eee comm.). 

pe i | — SYSTEMATIC NOTES 
The systematic position of this species is not clear. It 

Adult female 122 mm, Walczak Cr. (Oneida Co.), 5 July 1966 has recently been placed in the genus Semotilus (Bai- 
ley and Allum 1962). Also, there is evidence for plac- 

DESCRIPTION ing it in the genus Phoxinus, and Legendre (1970) 

Body elongate, almost cylindrical, slightly com- suggested that the pearl dace is more closely related 
pressed posteriorly. Average length 89 mm (3.5 in). to the finescale dace (Phoxinus neogaeus) than to other 
TL = 1.24 SL. Depth into TL 4.8-6.3. Head into TL members of the genus Semotilus. Three subspecies 
4.2-5.3. Snout bluntly pointed to rounded. Mouth are recognized (Hubbs and Lagler 1964), of which 
terminal, slightly oblique, moderate-sized, extending only the northern pearl dace Semotilus margarita nach- 
to below nostril; upper lip groove continuous over tip triebi occurs in Wisconsin. 
of snout; a small flaplike barbel in upper lip groove 
slightly in advance of the corner, occasionally lacking DISTRIBUTION, STATUS, AND HABITAT 

on one side, less frequently on both. Pharyngeal The pearl dace occurs in all three Wisconsin drainage 

teeth usually 2,5—4,2 (occasionally 1 less tooth on in- basins. It is widely distributed except in the Lake Su- 
ner or outer row), slender, hooked, with a short cut- perior watershed, in the unglaciated southwestern 
ting surface. Eye into head length 3.3-4.6. Gill rak- quarter of the state, and in the southern tier of coun- 
ers short, conical, to knoblike on lower limb, 6-8. ties. 
Dorsal fin origin behind origin of pelvic fin; dorsal The pearl dace is listed as rare in Connecticut and 
fin rays 8; anal fin rays 8; pectoral fin rays 15-16; pel- Nebraska, rare and depleted in Maryland and West 
vic fin rays 8. Lateral line scales 62-75; lateral line Virginia, rare and endangered in Wyoming, and en- 
complete (occasionally interrupted). Digestive tract dangered in South Dakota and Iowa (Miller 1972, 
simple S-shaped loop 0.7-0.9 TL. Chromosomes 2n Roosa 1977). In Wisconsin the pearl dace is common 
= 50 (W. LeGrande, pers. comm.). in small streams of central and northern Wisconsin, 

Back dark olive, sides light olive to lateral stripe; except in streams of the Lake Superior drainage, 

belly below stripe white to silvery white. Patches of where it is rare. It is uncommon in medium and large 
darkened scales on sides, few on young. Dusky lat- rivers. 
eral stripe distinct in young and ending in distinct In Wisconsin its typical habitat is cool, clear head- 
basicaudal spot; lateral stripe less distinct in large water streams and bog drainage streams; only rarely 
specimens, especially anteriorly. Fin rays edged in is it found in lakes. It was encountered in clear to 
dark pigment; dorsal, caudal and anal fin membranes slightly turbid water most frequently at depths less 
with scattered dark chromatophores. Peritoneum sil- than 0.5 m (seldom more than 1.5 m), over substrates 

very with dark speckles. of sand (26% frequency), gravel (22%), silt (18%),
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mud (10%), rubble (9%), detritus (6%), boulders adult male maintained a small area of the stream bot- 

(6%), bedrock (2%), and clay (1%). It occurred in tom about 20 cm (8 in) across as his private spawning, 

streams of the following widths: 1.0-3.0 m (44%), ground, guarding it against intrusion by other males, 

3.1-6.0 m (19%), 6.1-12.0 m (16%), 12.1-24.0 m and apparently restricting his own spawning to this 

(13%), 24.1-50.0 m (7%), and more than 50 m (1%). area most of the time. A male’s holding was without 

It was generally taken from light brown to dark definite outline, and was defined only by the behav- 

brown water in areas of sparse vegetation. ior of its proprietor. No transporting of material was 
seen, and there were no signs of either mounding or 

BIOLOGY excavating. The two closest holdings in the areas ob- 

In Wisconsin, spawning occurs from late March to served were 2 m (6 ft) apart. The smaller males main- 

the end of April or later. Spawning was observed in tained no holdings, and frequently invaded the hold- 

two streams in lower Michigan on 12-13 June at ings of other males, only to be driven out when their 

water temperatures of 17.2-18.3°C (63-65°F) (Lan- owners returned. The smaller males also pursued fe- 

glois 1929). Activity occurred in a strong current, in males and occasionally succeeded in pairing with 

a moderate current, and in a pocket where the water them. Adult females were constantly pursued by 

was nearly quiet; dace were seen pairing only over males. 

coarse gravel, fine gravel, and sand, though there Langlois described parallel-swimming, a type of 

were other substrate materials accessible. The streams behavior also referred to as deferred combat (Reig- 

were about 5 m (15 ft) wide and 0.5—0.6 m (1.5-2 ft) hard 1910). An interesting facet of this behavior was 

deep where the fish were breeding. seen by Langlois (p. 162): “Sometimes, at the mo- 

Large males, smaller males, and breeding females ment when the intruder apparently refuses to be led 

were present. According to Langlois (1929), each farther away, the two males pose for an instant with
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their heads abreast as if they had started to pass each only one stage of development; partially ripe eggs 
other and then stopped suddenly. From this position were not observed. 
the stranger almost invariably makes another dash Pearl dace from Big Roche a Cri Creek (Adams 
for the holding.” County), collected 14 September 1960, showed the 

Langlois detailed the pearl dace’s spawning behav- following growth: 
ior (p. 162): 

If the stranger should be a female, and if she permits the 1 Catoulated TL at 
male to drive her into his holding instead of fleeing, and if, hae a (mm) (mm) 
once there, she stays and permits the male to pair with her, case Fish ‘Avs ‘Range 7T 2. 3. 

the process occurs in this manner. The two fish come to a ee 
position side by side, close at bottom, and, if there is a cur- i 2 eld a Bid 

rent, heading upstream. The oversized tubercle-roughened i 10 1133 107-117 64.0 99.4 
pectoral fin of the male is slipped beneath the anterior part mM 4 121.0 119-123 56.5 88.0 109.6 
of the body of the female, and his tail is crossed over her 

back, just behind her dorsal fin. Then as his tail presses her Avg (weighted) 55.8 96.0 109.6 

vent and tail tightly to the bottom, her pectoral fin raises 
the forepart of her body to an angle of about 30 degrees 
from the bottom, in cis a suetening tight her belly. wall Age-I males, 65-99 mm TL, had orange to bright red 
and probably assisting oviposition. When this position has stripes on the flanks. Age-I females over 80 mm had 
been reached both fishes vibrate the posterior parts of their yellow stripes on the flanks; all age-II and age-III fe- 
bodies rapidly, the tail of the female stirring up the bottom males, orange to red. In this collection no males were 
behind them, while the male’s tail fans the bottom along- over age I, and both males and females at this age 
side and about mid-way between the female’s pectoral and were becoming sexually mature and would have 
pelvic fins. If the male is considerably shorter than the fe- bred the following spring. 
male his tail may not reach the bottom, and in this case it In southern Ontario (Chadwick 1976), lengths of 
vibrates in the water at whatever angle it attains. The eggs females at the first 3 li 55.0, 89.2, and 114.5 
and milt are without doubt extruded while the fish are vi- indies at ile tithe Sri were oe O7s A ar . 
brating, but they were not seen. When the spawning vibra- mm; lengths of males at the first 2 annuli were 58.5 
tions have ceased, the female resumes a horizontal position and 85.6 mm. Only two age-II males were recovered; 
at once, swimming forward out of the holding without the no males were age III. 
momentary relaxation and floating belly-upward that oc- Sexual maturity is attained in both sexes at age II, 
curs in the case of the horned dace immediately following and it is possible that males die off shortly after 
the spawning act. spawning. A few females may reach age IV. 

The spawning act lasts about two seconds, and since The largest pearl dace reported is 158 mm (6.25 in) 
each female repeats the act many times during the breeding TL from Charlie Lake, Peace River (western Canada) 

season she must extrude but a few eggs each time. (Lindsey 1956). 

The pearl dace exhibits an interesting stage in the The studies available have shown that insects are 
development of nesting in fishes—the establishment preferred food of the pearl dace, but this species has 
of a territory. A further stage in nesting development been known to feed on phytoplankton, mollusks, 
is illustrated by the creek chub, which digs a nest pit surface drift, and water mites (Dobie et al. 1956). In 
and places gravel in an upstream ridge (Raney 1969). New York, the diet of 13 individuals was entirely plant 

Egg development occurs early in this species. For material of algae and diatoms (Rimsky-Korsakoff 
five females 89-112 mm TL, collected 8 November 1930). In Canada (McPhail and Lindsey 1970), stom- 
from Tenmile Creek (Portage County), the weight of achs contained insects (primarily beetles), filamen- 
the gonads was 15-19% of the total weight; for eight tous algae, Chara, and vegetable debris. The pearl dace 
males 54—88 mm TL it was 2.6-3.3%. These are high has taken flies from the surface after the manner of 
levels of gonadal development in view of the fact that trout, and they have been said to eat animal plank- 

spawning was some 5 months away (E. Curtis and ton and various aquatic organisms, including small 
D. Korth, pers. comm.). fish. 

At the onset of spawning on 27 March in Big Roche In 200-m study areas of a natural headwater stream 
a Cri Creek (Adams County), gravid females 102-123 in central Wisconsin, M. Headrick (pers. comm.), us- 

mm TL had ovaries 18-21% of body weight (R. Theis, ing a mark-recapture technique estimated popula- 
pers. comm.). A 119-mm fish held an estimated 4,240 tions of 1,999 + 663 pearl dace in August, and 1,375 
mature eggs, 1.3 mm diam; a 122-mm fish, 4,005 + 233 in September. In an area which had been 
eggs, 1.4 mm diam. The ovaries contained eggs in ditched, the populations were 1,820 + 819 and 3,888
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+ 836 respectively. The populations dropped off IMPORTANCE AND MANAGEMENT 
drastically in larger downstream waters which had The value of the pearl dace as a forage species in Wis- 
been ditched. consin is not known. It has been noted in the diet of 

In Canada, Hallam (1959) noted that this species is kingfishers in eastern Canada (Scott and Crossman 
commonly associated with the brook trout and mot- 1973). 
tled sculpin at average water temperatures of The importance of the pearl dace is difficult to as- 
15.8-16.6°C (60.3-61.9°F), and seldom with the sess. It undoubtedly has only limited use as a bait 
smallmouth bass and rock bass at 20.8-21.5°C minnow in Wisconsin, since it is seldom taken in 

(69.3-70.6°F). The upper lethal temperature for pearl large numbers. 

dace in August is 31.1°C (88°F), and for dace im- Dobie et al. (1956) suggested that the pearl dace 
mersed in cold tanks, the lower lethal temperature in might be reared successfully in artificial ponds, and 
August is —0.2°C (31.6°F) (Brett 1944). that bait large enough to catch panfish could be 

In Tenmile Creek (Portage County), 37 pearl dace raised in one season: “Because it makes a fine growth 
were taken with brook trout (2), white sucker (160), in northern boggy waters, this fish could be raised in 

creek chub (51), bigmouth shiner (2), fathead min- northern areas in places where land is cheap. For 

now (12), blacknose dace (28), northern redbelly dace dealers with little working capital, this species seems 
(8), johnny darter (11), central mudminnow (1), mot- to offer excellent opportunities” (p. 103). 

tled sculpin (7), and brook stickleback (3).
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Redside Dace I and older); in female, 1.36-1.41 (Schwartz and Nor- 
vell 1958). 

Hybrids: Redside dace x common shiner, redside 

Clinostomus elongatus (Kirtland). Clinostomus—in- dace x creek chub: common, and rate of hybridiza- 
clined mouth; elongatus—elongated. tion in Wisconsin at 2% (Greene 1935). Redside dace 

Other common name: red-sided shiner. x southern redbelly dace (Trautman 1957). 

ES SYSTEMATIC NOTES 

Pa —— Oe The striking feature in the disposition of the breeding 
* =i “a tubercles on the breast of the redside dace is the simi- 
eS 2 larity to those encountered in the genus Phoxinus 

al need (formerly Pfrille and Chrosomus) (Koster 1939). In each 
" " of these genera there develops a series of “very regu- 

aes male 67 mm, tributary to Little Sandy Cr. (Marathon Co.), lar comib-like:rows of nuptial organs” on the breast 

9 May 1961 P 3 7 
just anterior to the pectoral fin. Hubbs and Brown 
(1929), who first called attention to this feature, con- 

— sidered it evidence of a direct relationship between 
c mS , = these genera, and were unable to find anything even 

ae oe ae, s suggestive of this arrangement in other genera. 

i , Se a 4 According to Koster, the color pattern of a ripe 
- male pearl dace is strikingly similar to that of the red- 

. side dace, and offers further evidence of the close re- 
Adult female 82 mm, Melancthon Cr. (Richland Co.), 19 July lati ; 
1962 ationships between these genera. Morphologically, 

the redside dace appears to have more in common 

DESCRIPTION with the pearl dace than with the redbelly daces 
Body elongate, thin, strongly compressed laterally. (Phoxinus). The tendency of males to maintain terri- 
Average length 65 mm (2.5 in). TL=1.22 SL. Depth tories resembles the behavior of the pearl dace, while 

into TL 5.0-5.8. Head length into TL 4.3-4.6. Snout ec male habit of pursuing females resembles the be- 
sharply pointed and long. Lower jaw projecting be- avior of the redbelly daces (Phoxinus). 
yond upper; barbels absent; maxillary long, reaching 
to below eye (almost half of head length—largest in DISTRIBUTION, STATUS, AND HABITAT 

minnow family). Mouth very large and terminal, The redside dace occurs in the Mississippi River and 
oblique. Pharyngeal teeth slightly hooked, usually Lake Michigan drainage basins. Populations are iso- 
2,5-4,2 (occasionally 1,4-3,1). Gill rakers rudimen- lated in a disjunct distribution pattern, confined pri- 

tary, but variable in size. Dorsal fin originating marily to small headwater streams. 
slightly behind pelvic fin; dorsal fin rays 8; anal fin The overall range of this species is constricted, dis- 
rays 9 (8-10); pectoral fin rays 14-16; pelvic fin rays junct, and decreasing. In Minnesota it is largely con- 
8. Lateral line scales 69 (62-75); lateral line complete. fined to the extreme southeast. In lower Michigan, 
Digestive tract short with only a single loop. Chro- where it has threatened status, the only recent re- 
mosomes 2n = 50 (W. LeGrande, pers. comm.). cord (1970) comes from a tributary to Lake Erie. It 

Back usually green or blue-green; below this on has disappeared from Iowa (Harlan and Speaker 1956, 
each side a narrow light stripe followed by a dark Roosa 1977), and there is only a single record from 
lateral stripe, vague in its beginnings but becoming northeastern Kentucky (Clay 1975). In Ohio, it has 
clearer below dorsal fin and continuing posteriorly to decreased drastically in abundance, and in some sec- 
caudal peduncle; laterally below the stripe a broad tions disappeared entirely (Trautman 1957). In Can- 

orange or red streak extending from opercle to at least ada (Scott and Crossman 1973), it is restricted to trib- 
below dorsal fin; white ventrally. Sides speckled with utaries into western Lake Ontario, and its “sensi- 
darkened scales. Peritoneum silvery. tivity to turbidity suggests that this dace will become 

Sexual dimorphism: Pectoral fins of male longer increasingly rare.” 
(and thicker during breeding season) than in female; In Wisconsin, the redside dace populations which 
male pectoral length into head length 1.15-1.19 (ages once were found in Milwaukee and Racine counties



Redside Dace 447 

, —¥Z rr — Tepe eR iT cay | ; Bea LAKE | | # @ Bee pi. we NS 

| BASE y | ce / en, ‘ fly 

wre AL" ar ae [ise he 
hoe L | | Ne Ser Ff Ue Say 

lity ath h jos b ETT A 

ibs es Pe Ton pe, | Voy a Gt i 
area FOE BAe INS BOREL SERS pe ae | Wer & » 

: PS ASE GL I TRG EID TT (SR RY Te NRO PA EE I LACIE Ga hee Seo} forts ch OA Arr COND Crees 
ee eee CAS PEAS Wi ea) Ac PESTS 5 NPI” 

«ORR AO cee ty dL, ETS eK a BB qe Pee We Na wer 
CPS ED IM BLT FEF REA PN a \ eS (CBA NES LETS BY YEN NE if Rg 

SACO RR SOE ROIS DASE SAAS | wa 
Po PR APL Np OQ RRR RKP & 4 Ete Le 

POPP ek 1 OG Re SOS ES, Sop LY | Oe L 
RK VY “AD VERB PE ES a af \ Sega 

BAY CIN UR DARN VTA NE LOI PERS ROA a? RE ee OS SOE SE BIE 
|. WZ Cp be as hyp WS rh yes 9 ABs : 

Bell YN 74 pao VU (apis AP? hn © | AEE PRY Ba or SOON: “ er, OA SIS ba ER BES Ty Sp el yo 
WD pick Soh Je} & I] & 

. Wh A EW ST boy % . Sor id ws 3 . | 

: 4) a KS TA ae ch aS 4 oN ae {3 . 
aaa ¥ are oy? sk > 7 babe pad OTN Ye oncnovonn 
ASST NLS PON a | 

me eag RNG eT ys | 
tot OO? 1“ Tp? Lal'aly) Go od \ 

—— saat amen SE | SSG Ee Lan f ety ; | 

4 x KC ALL Nd No ee ee DRESS (eR ee 1 

| | CA sy. a Os ae = | | Range of the redside dace 
| | (Or FF Wee Ty eA BY) | @ Specimens examined 

e ol we SQ LK Ad Wes | Sf [Sy aN San | A Wisconsin Fish Distribution Study (1974-78) 
| | NeNE Aas Ya é Fb ut | © Literature and reports 

| Clinostomus elongatus eee TSA So ale TaN | O Greene (1935) 

have disappeared, and other populations in central moving toward extirpation. He called attention to its 

and southern Wisconsin have been severely deci- spotty distribution then, and noted that following 

mated. The stream habitat in which this species is glaciation it had probably had a more continuous dis- 
found frequently coincides with intensive human tribution. He was concerned with the high degree of 
use. These streams are in low-gradient areas given to hybridization which this species had with the com- 
farming, golf courses, and homes, and such uses in- mon shiner and the creek chub. Koster (1939) ob- 
variably lead to modification of the stream in a num- served that if the redside dace has been largely or 
ber of ways unfavorable to the redside dace. entirely restricted to spawning in creek chub or com- 

Difficult decisions face the Wisconsin Department mon shiner nests, it may have become over special- 
of Natural Resources. Although that regulatory agency ized in its spawning habits. He also noted that the 
is alert to the problem of the redside dace, it is doubt- spottiness of its distribution may be evidence that it 
ful that it will be able to provide the constant vigi- is not fully synchronized with the host species as re- 
lance needed to prevent deterioration of the water gards season of spawning. 
resource specifically required by that species. In the The problems associated with spawning and hy- 
1970s, federal and state agencies planned and insti- bridization do not appear as serious today as Greene 
tuted watershed changes to promote flood control. and Koster indicated. Large populations of this min- 
Among the redside dace streams which underwent now are frequently encountered along with other 
modification were Brick Creek (Clark County), Ha- minnow species. Nevertheless, its habitat require- 
mann Creek (Marathon County), and Pine River ments are very narrow, and these most likely limit its 
(Richland County). distribution. 

Greene (1935) suggested that the redside dace is The redside dace has been placed on watch status
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by the Wisconsin Department of Natural Resources male. A simpler combination consisted of two single 
Endangered Species Committee (1975) and Les (1979), males, one on each side of the female, and each with 
but it will take more than “watching” to reverse the his body as close as possible to hers while they were 
loss of habitat which threatens this species. Until we in the pit. Milt and eggs were apparently emitted at 
understand better what its specific needs are, one or this time. At the anterior edge of the depression, fol- 

more scientific areas should be established for this lowing spawning, the group broke apart and indi- 
species. viduals drifted downstream to rejoin the main school. 

In Wisconsin the redside dace has been taken from The spawning act might be repeated four to six times 
pools and quiet riffles of small streams with moderate per minute, or several minutes might elapse be- 
gradients and cool waters. This species avoids both tween successive matings. Spawning was observed 
warm and very cold water. The substrates over which at 18°C (65°F) or higher. 
it has been taken were: gravel (50% frequency), sand According to Koster (1939): 

(14%), clay (14.%), silt (7%), rubble (7%), and bed- The reaction of the male horned dace (creek chub) and 
tock (7%). It occurred in pools and rifles at depths of shiners (common shiners) to the redside dace was one of 
0.1-0.5 m, rarely deeper, in streams 1.0-3.0 m (25%) tolerance. At one time a spawning group of Clinostomus ac- 

and 3.1-6.0 m (75%) wide. In almost all instances the tually pushed a fairly large male Semotilus aside without 
area adjacent to the stream was meadow or pasture, provoking an attack. The redside dace were often driven 
and the water clear to slightly turbid. away from the tail of the redd during the battles for the 

Pools containing this species usually have a mod- possession of the redds by the horned dace and shiners but 

erate current flowing through them, and many have _ were not made the object of special persecution. 
overhanging grasses, brush, or trees along the banks Most of the body of the male redside dace bears 

for emergency cover. scattered, small, breeding tubercles. These are ob- 
viously of value in enabling males to maintain posi- 

BIOLOGY . . . . tion against a female in a current during spawning. 
In Wisconsin, spawning occurs in May. The following A highly tuberculate male (86 mm TL) was taken 29 
account of spawning is taken from observations by April 1962 from the West Twin River (Manitowoc 
Koster (1939) on redside dace populations in north- County) (UWSP 2338). A gravid female (89 mm TL, 

ern New York. . 5.23 g) from the same collection had ovaries which 
With the approach of the spawning season, the were 9.6% of the body weight, and which held an 

adult males left the pools and approached the estimated 1,160 eggs. The eggs were white-yellow in 
spawning beds. Three days before actual spawning color and 0.8 mm diam; they appeared to be well de- 

was observed, males began courtship pursuit. If a fe- veloped and loose in the ovaries. One yellow-colored 
male ventured near a male or a group of males, she egg was 1.6 mm diam. 

Was pursued with great vigor back to the upper pool. Artificially fertilized and water-hardened eggs are 
As second sign of the approaching season.was the de- somewhat ovoid in shape, 1.2-2.4 mm diam (Koster 
fense of small territories by the males. These were 1939), and are not adhesive at any time. Koster 

usually located behind a creek chub nest, and were — counted 409-1,526 eggs in 15 females, The 23.25-mm 
small territories, generally no larger than the fish de- larval stage has been described and figured by Fish 
fending them. Deferred combat (never actual fights) (1932). 

between, males was in the form of ‘side-by-side Growth of young-of-year in Wisconsin has been re- 
swims—intimidation swims some 2-3 m upstream corded as follows: 
(see Reighard 1920). 

The territorial instinct became weaker as the actual TL 
spawning period approached. During spawning the No. of (mm) _ 
adult redside dace congregated in dense schools Date Fish Avg Range Eocatlon 
closely behind the pits of the nests. Males formed the e muse fee . e ae ork ee co) 
body of the group; females were restricted to the if Sean (1874) 1 Wetiges cniclarece.) 
sides and downstream margins of the school. When 8 Sept. (1974) 47 41 31-47 Fenwood Cr. (Marathon Co.) 

a female left her position and swam toward the pit of ——— rrr rs—~—‘SOSN 
the nest, males joined her and spawning occurred in 
the depression of the nest. The spawning group The redside dace can be aged from its scales, al- 
commonly consisted of four to six or more males though there is a considerable variation of circuli and 
which gathered about the back and sides of the fe- annuli patterns, even on the same fish. Redside dace
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from the West Branch Pine River (Richland County), plants, and debris contributed a little more than 1% 

collected on 18 July 1962, showed the following to the redside diet. Plankton was not found in any of 
growth: the stomachs; however, one stomach contained a 

quantity of debris (mud and wood particles). 
Calculated According to Schwartz and Norvell, the size of 

TL at Arinulis food is an important factor in determining whether it 

Ags No. of (mm) (mm) will be eaten. There is a general increase in the size 
Class Fish Avg Range 1 2 of food organisms consumed as the size of the fish 

| 2 607 5370 4491. increases. Year group 0 fed mostly on small Diptera 
" 1 89.0 84-94 56.0 84.0 and a few Coleoptera and Hemiptera. Specimens of 
Avg (weighted) Ba wo year group I consumed Coleoptera and Hymenop- 

a tera in preference to Diptera. Specimens in year 

group II also preferred adult Coleoptera and Hemip- 
A small sample from Little Sandy Creek (Marathon tera to Diptera. 
County), collected on 29 May 1961, contained 10 age- The pharyngeal teeth of the redside dace are effec- 
I fish 54.5 mm TL (41-67 mm) whose calculated TL at tive instruments for reducing the ingested food to di- 
the end of the first year of growth was 45.2 mm. gestible size (Evans and Deubler 1955). These are re- 

As the redside dace gets older, the growth rate of placed in a definite order of succession with equal 
the female is greater than that of the male. Koster frequency, and tend to be replaced before they show 
(1939) presented the following SL (mm) for speci- wear. 
mens caught in New York in May: The preference of the redside dace for cooler wa- 

ters has been illustrated in a southern Ontario study 
SL (Hallam 1959). The frequency occurrence of the red- 

im side dace was greater with the brook trout (2%) and 
‘Age Class Males Females the mottled sculpin (11%) than with the rock bass 

! 38.0+2.5 37.3+28 (1%) and the smallmouth bass (0%). Hallam noted 
i me ae that the brook trout and mottled sculpin were taken 

oe from waters which averaged more than 4.5°C (8°F) 
colder than those from which the rock bass and 

In Linesville Creek, Pennsylvania, the standard smallmouth bass were taken. 
lengths (sexes combined) of redside dace for each In southern Wisconsin’s Pine River (Richland 

year group were 0—39.57 mm, I—55.18 mm, II— County), the following associate fish species were 
67.72 mm, and III—74.54 mm (Schwartz and Norvell taken with 50 redside dace: American brook lamprey 
1958). (2), northern hog sucker (4), white sucker (72), cen- 

The redside dace matures at age II, occasionally at tral stoneroller (181), blacknose dace (176), creek chub 
age III. The largest Ohio specimen was 114 mm (4.5 (95), bluntnose minnow (95), common shiner (190), 

in) long (Trautman 1957). An age-III, 117.5-mm (4.6 bigmouth shiner (114), johnny darter (179), fantail 

in) female (UWSP 5441) was collected from Hamann darter (82), and redside dace x common shiner (1). 
Creek (Marathon County) on 27 August 1976. In central Wisconsin’s Little Sandy Creek (Marathon 

The redside dace occurs in schools, and spends its County), the following species were taken with 18 
daylight hours searching for food. In both its natural redside dace: white sucker (34), blacknose dace (21), 

habitat and in aquariums it will jump several inches creek chub (24), northern redbelly dace (55), blunt- 
into the air to catch a hovering insect. nose minnow (6), fathead minnow (1), common shiner 

Observations by Schwartz and Norvell (1958) have (3), bigmouth shiner (19), brassy minnow (25), cen- 

shown that this species is a midwater or surface tral mudminnow (1), blackside darter (6), johnny 

feeder. Insects comprised 95.0% of the total food by darter (42), fantail darter (3), and brook stickleback 
volume in the specimens studied. Terrestrial insects (10). 

made up 76.9% of this total, while 17% consisted of 
bottom forms such as Diptera pupae (11.2%), IMPORTANCE AND MANAGEMENT 
Ephemeroptera (3.9%), and Odonata (1.7%), with The redside dace competes with trout for food (Ra- 
traces of other bottom insects. The remaining 5% of ney 1969, Greeley 1936), a fact inferred from the fol- 
the food eaten was composed largely of spiders and lowing account. In Story Creek in southern Wiscon- 
related forms (3.0%); water mites, roundworms, sin, Mason et al. (1967) noted that the stocked section
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contained only 32 kg of wild and carry-over stocked of minnow dealers in central Wisconsin, undoubt- 
brown trout per hectare; however, a high density of edly the harvest of minnows from area streams. 
the redside dace was observed. Population levels of Since it inhabits quiet pools in open, readily acces- 

other minnows and white suckers were relatively sible areas, it is easily taken by seine. 

low. It is not known whether the redside dace is a With its high color and active nature, this species 

competitor of significance, but it is extremely quick in would make a fine aquarium pet if high water tem- 

striking at surface food and often hits artificial flies peratures could be avoided. Diminishing numbers, 

intended for trout. however, suggest that demands from the pet fish 
The redside dace has been reported from the tanks trade might endanger an already threatened species.
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Finescale Dace dark lateral stripe commencing on the snout (pig- 

mented lips), proceeding through eye, opercle, along 
the length of the body, and terminating in a distinct 

Phoxinus neogaeus Cope. Phoxinus—tapering, the old basicaudal spot. Lower half of body lightly pig- 
name of the European minnow; neogaeus—new, mented above to silvery white on midventral surface. 

world. Sides in mature male below lateral stripe often with 

Other common names: bronze minnow, New World a yellow, orange, or reddish wash; female with a light 
minnow, rainbow chub, chub, leatherback. yellow stripe. Fin rays edged in dark pigment; inter- 

radial membranes mostly yellow but colorless at tip. 
Peritoneum black, occasionally dusky. 

Sexual dimorphism: In breeding male, tubercles in 
oe several rows of weltlike structures between the pec- 

Po : ‘aes en of toral origin and the nearest opercular edge, and on 
. } ee pan —— the scales of the lower half of the caudal peduncle to 
ee ee the anterior base of the anal fin. The first 5 or 6 rays 

_ of the pectoral fins thickened and stiffened, and with 
a swelling on each ray about one-fourth the length 
of the ray from the tip, causing the outer part of the 

Adult male 68 mm, tributary to Grand R. (Green Lake Co.), Sept. fin to curve upward. In female, pectoral fin short and 
1972 narrow. In male, pectoral fin length/SL 0.2098; in fe- 

male, 0.1709 (Stasiak 1972). Lengths of dorsal, anal, 

pelvic, and caudal fins significantly larger in the male. 
Hybrids: Finescale dace x northern redbelly dace 

hybrids are common and have been reported from 

4 New York, Michigan, Ontario, Quebec, South Da- 

~wS ne - kota, Minnesota, and Wisconsin. In New York, hy- 
SE eee brid individuals are frequently more numerous than 

Sees : either of the parent species (Greeley and Greene 

1931, Greeley and Bishop 1933). An intensive study 
of hybrids (New 1962) disclosed only females, but Le- 

Adult female 71 mm, tributary to Grand R. (Green Lake Co.), gendre (1970) reported both sexes and demonstrated 

Sept. 1972 interfertility. The ratio snout length divided by upper 
jaw length is 0.8817 (always less than 1) for the fine- 

DESCRIPTION scale dace, 0.989 (near 1.0) for the hybrids, and 1.102 
Body stout, almost cylindrical anteriorly, compressed (greater than 1) for the northern redbelly dace 
posteriorly. Average length 61 mm (2.4 in). TL = 1.23 (Hubbs and Brown 1929). New illustrated the parent 
SL. Depth into TL 4.5-6.5. Head length into TL species, the hybrid, and their intestinal tracts, and 

3.8-5.0. Snout blunt. Mouth terminal, moderately suggested the possibility of introgressive hybridiza- 
oblique and straight, and extending to below anterior tion with a shift toward the redbelly dace. 
margin of pupil of eye; barbel absent. Pharyngeal 

teeth 2,5—4,2 (variable, with 1 less in a row on one SYSTEMATIC NOTES 

or both sides, but always 2 rows); teeth strong, In the past there has been considerable shifting of the 
hooked, arch sturdy. Eye into head length 2.9-4.8. generic placement of this species. Originally Phoxinus 
Gill rakers short, conical, widely spaced on lower (Cope 1869), it was placed in Pfrille (Hubbs 1926), 
limb, up to 9 per side. Dorsal fin distinctly posterior where it is retained by some workers (see Stasiak 
to pelvic fin origin; dorsal fin rays 8; anal fin rays 8; 1972), and in Chrosomus (Hubbs and Lagler 1964). Re- 
pectoral fin rays 15; pelvic fin rays 8. Lateral scale cently, however, it was merged with the northern 
series 72-89; lateral line very short, incomplete. and southern redbelly dace in Phoxinus (Bailey et al. 
Digestive tract short, simple S-shaped 0.6-0.8 TL. 1970). Although there are considerable internal dif- 
Chromosomes 2n = 50 (W. LeGrande, pers. comm.). ferences between the finescale and the redbelly 

Back dark brown, extending halfway between the daces, the external characters of these three species 
mid-dorsal line to the lateral stripe. Between the back are very similar, and the large incidence of hybridi- 
and the lateral stripe, a light olive stripe. A distinct, zation strongly supports an intrageneric relationship.
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McPhail and Lindsey (1970) suggested that this spe- It occurred in streams of the following widths: 1.0- 
cies may form an unusual link between New World 3.0 m (56%), 3.1-6.0 m (15%), 6.1-12.0 m (10%), 12.1- 
and Old World minnows. 24.0 m (15%), and 24.1-50.0 m (3%). 

DISTRIBUTION, STATUS, AND HABITAT BIOLOGY 
The finescale dace occurs in all three drainage basins In Wisconsin, spawning occurs from April to June. 
in Wisconsin and its distribution generally coincides Tuberculate males and females with ripe eggs have 
with the Wisconsin Drift. Distribution is spotty, with been taken as early as 19 April in northern Wiscon- 
occurrence in small drainages which may be many sin, and females with a few ripe eggs have been 
kilometers apart from one another. taken in mid-June. 

The finescale dace is uncommon to common in The most extensive study of this species was made 
small streams and ponds in northern Wisconsin. In in the French Creek beaver ponds at Lake Itasca, 
central Wisconsin, at the southern limit of its range, Minnesota, by Stasiak (1972). The following data are 
it has been eliminated from a number of locales in from Stasiak, except where other sources are cited. 
recent years (see Greene 1935), but it still occurs in In Itasca Park, spawning fish were observed in late 
the smallest of headwater streams, where it is rare. April when the air temperature ranged from —5 to 

This species is found in cool, boggy waters of lakes, 13°C (23 to 55.4°F), and the water temperature reached 
ponds, and sluggish creeks. It was encountered most as low as 11°C (51.8°F); many of the larger lakes in 
frequently in light brown to dark brown waters at the park region were still partly covered with ice. The 
depths of 0.1-0.5 m over substrates of sand (25% fre- shallow water in the beaver ponds was subject to wide 
quency), gravel (22%), silt (19%), mud (11%), detri- fluctuations in temperature. Spawning on 6-8 May 
tus (8%), bounders (7%), rubble (5%), and clay (2%). occurred in waters from 13 to 18°C (55.4 to 64.4°F).
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Stasiak suggested that spawning is triggered by the weight held an estimated 1,600 eggs. A 68-mm male 
sudden rise and fluctuation in water temperature had testes 5.7% of total weight. Spawning was in 
which takes place following the disappearance of the progress and some females had few eggs remaining 
ice. Fish collected from French Creek Bog in water in their ovaries. On 21 June in Slough Creek (Mari- 
15°C (59°F), and released the following day in water nette County), a 69-mm female with ovaries 4% of 
24°C (75.2°F) in a large aquarium at the University of total weight held 250 eggs 1.0-1.2 mm diam. 
Minnesota, spawned vigorously almost immediately. In Minnesota, a female with ovaries 18.8% of total 
Stasiak described their behavior: weight (the highest value found in females) was col- 

. . . The fish (5 males, 4 females) had been placed in a well- lected 10 May 1969; the highest testes to total weight 
established 20 gallon aquarium containing rocks and live value for males was 1.68% on 8 May 1970 (Stasiak 
vegetation. Almost immediately, two males began chasing 1972). The largest number of ripe eggs (1.1 mm diam) 
the largest female (in the field, the females initiated the found in a single specimen was 3,060. A prespawn- 
chase). The males would nip at the caudal and anal region ing female (82 mm SL) had 5,850 eggs. Stasiak noted 
of the female as they chased from behind; whenever the two distinct size classes of eggs: the yellow-orange 
female was close to a rock, vegetation or the side of the mature eggs, and numbers of smaller (0.3—0.5 mm) 
aquarium, the male would swim alongside the female, recruitment eggs. 
placing his large pectoral fin directly behind the pectoral Artificially fertilized eggs hatched into larvae 4.2 
fins of the female. The large, scoop-shaped pectoral fin of mm TL exactly 4 days after fertilization. The larval 
the male perfectly fit the body contour of the female and fish began to swim for very short periods 3 days after 

allowed the male to somewhat control the swimming of the hatchi fivet fed actively 7 a: fer hatchi d 
pair. With the pectoral fins thus located, the male tried to aicuunpeattet fed active Y ¢ Gays alter Natennge; aly 
force the female against some object such as a rock or the at 10 days ate small particles of dry prepared food 
side of the aquarium; whenever the male was successful in from the surface of the water. At 19 days the min- 
doing this, it would curl its tail over the tail of the female. nows had very obvious dorsal, anal, and caudal fins. 
In this position, the tubercles above the anal fin of the male Eggs spawned naturally developed at a rate similar 
were usually adjacent to the vent of the female. The two to those developing in the laboratory. In nature, the 
fish vibrated in this position for several seconds, and then diet of finescale dace during the first 2 months con- 

the male released the female. sisted of Diptera (larvae and adults), Cladocera, Os- 

In the field, spawning occurred where depressions tracoda, and Copepoda. Aquatic Hemiptera formed 
in the pond were covered by fallen logs or a group of an increasing percentage of the food after June, as 
branches. The water was usually 0.50.9 m (1.5-3 ft) die Coleoptera larvae and adults. Finescale dace less 
deep. Large schools of finescale dace were seen an 9o mm aaa 
swimming near the surface; fish of all sizes were _ In Minnesota, young-of-year attained the follow- 
clearly present, including large ripe females, imma- ing growth (SL): 23 June—17.8 mm, 20 July—25.6 
ture fish born the previous spring, and males in mm, 10 August—30.0 mm, and 23 November—35.3 
bright breeding colors. The large males did not de- mim. . ; 
fend any territory, did not build any nests, nor did Analysis of the scales of finescale dace collected 13 

they fight among themselves. June 1966 from a feeder stream to the North Branch 

Although males were often seen following females of the Pike River (Marinette County) showed the fol- 
closely, females invariably induced chasing. This oc- lowing growth: 
curred when one to three females suddenly left the TL Calculated TL at Annulus 
school in the direction of some cover, usually a fallen Age No. of (mm) (mm) 
log. They swam with a definite zigzag motion, and Class Fish Avg __ Range 120 34 
one to three males almost immediately began to I 13 36.0 33-41 21.4 
chase the zigzagging females. The spawning group ul 14 56.7 51-61 30.4 54.6 
swam into a depression under logs or branches iv ‘ us e978 oe ey ne 85.0 
where the substrate was either mud or fine gravel. 
Stasiak assumed that spawning occurred at this time, Avg (weighted) 2610 57-2 “7257! 186.0) 
although he was unable to observe the act. 

In Wisconsin, mature females were collected on 13 In Minnesota, age-I females were 38 mm, males 41 

June 1966 from a feeder to the Pike River (Marinette mm, age-II females 49.5 mm, males 50 mm; age-lIII 
County). A 76-mm fish with ovaries 16% of total females 56.5 mm, males 56 mm; age-IV females 66 
weight held an estimated 820 ripe eggs 1.0-1.1 mm mm, males 60 mm; age-V females 76.5 mm, males 67 
diam; an 87-mm female with ovaries 17.2% of total mm; age-VI females 83 mm. Complete sexual matu-
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rity was attained by age II in both sexes. Stasiak ob- The finescale dace is capable of withstanding a wide 
tained the best results for calculating age from scales temperature range. In Canada (Brett 1944), the lower 
removed from the caudal peduncle; he also used the lethal temperature for midsummer was 1.3°C (34.3°F), 
right opercular bone. and the upper lethal temperature was 32.3°C (90.1°F). 

A 107-mm female was collected from a beaver flow- The finescale dace is largely a schooling fish and 
age in Weasel Creek (Sawyer County). frequents those waters in which competition with 

The diet of finescale dace from a feeder stream in other fish species is low. Hubbs and Cooper (1936) 

Marinette County consisted of dipterans, crawling noted that boglike lakes, beaver ponds, and small 
water beetles (Haliplidae), moth remains, back swim- weedy, muskeg streams frequently contain an asso- 
mers (Corixidae), unidentifiable insect remains, fila- ciation of minnows which includes pearl dace, fine- 

mentous algae, detritus, and sand (V. Starostka, pers. scale dace, northern redbelly dace, brassy minnows, 
comm.). A number of tracts were empty; others con- and fathead minnows. In Morgan Creek (Florence 
tained large amounts of plant debris. County), 35 finescale dace were associated with: brook 

In Minnesota, mollusks are the major food orga- trout (4), white sucker (1), blacknose dace (8), horny- 
nisms of adult fish. Fingernail clams, or snails, or both head chub (20), pearl dace (1), northern redbelly dace 
are always found in at least 30% of the stomachs ex- (358), fathead minnow (1), common shiner (80), 

amined. The sharp, heavy pharyngeal teeth of fines- blacknose shiner (5), brassy minnow (8), johnny darter 
cale dace allow them to exploit this food source. Tri- (3), mottled sculpin (2), and brook stickleback (22). 
choptera larvae, Diptera larvae, and aquatic 

Hemiptera (mostly Corixidae) are consistently found 
in the diet. Animals occurring less frequently in- IMPORTANCE AND MANAGEMENT 
clude Diptera adults, Coleoptera larvae and adults, According to Stasiak, the chief predators of this spe- 

Ephemeroptera larvae, and Hydracarina. Plant ma- cies in French Creek Bog in Minnesota are insects 
terial, which contributes about 22% of the intestinal such as large, predacious diving beetles and the giant 
contents in some collections, is in the form of undi- water bug. He suspected that backswimmers (Noto- 
gested filamentous Chlorophyta. This material is nectidae) consume considerable numbers of the young 
probably ingested incidentally to other food items, and minnows, and on two occasions he found pharyn- 
probably does not contribute much food value. Sand geal teeth in the stomachs of mudminnows. Stasiak 
and mud are also found in stomachs. Miscellaneous also suspected that herons, kingfishers, grebes, and 
food items include spiders, ants, small Odonata, and loons, as well as northern pike and brook trout, con- 
fish eggs. These eggs are taken at the time of year stitute potential vertebrate predators of the finescale 
when the northern redbelly dace is spawning in the dace. 
ponds. Finescale dace make interesting aquarium pets and 
Many small fish of suitable eating size were pre- are not sensitive to wide variations in water temper- 

sent in the Minnesota ponds, but Stasiak found none ature. 
in the specimens examined. In an aquarium, how- In northern Wisconsin there is limited use of this 
ever, I have seen finescale dace avidly feeding on small species as a bait minnow. It is hardy, survives well in 
guppies, and in all probability larval fish are con- crowded containers, and makes satisfactory pike 
sumed occasionally. bait.
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Southern Redbelly Dace nating in a distinct wedge-shaped basicaudal spot. A 
thin, dorsolateral stripe on upper back between lat- 
eral stripe and mid-dorsal stripe appears as a solid 

Phoxinus erythrogaster (Rafinesque). Phoxinus—taper- line from operculum to behind dorsal base, after 
ing, the old name of the European minnow; which it becomes a series of dots. Irregular spots on 
erythrogaster—red_belly. upper back on either side of the mid-dorsal stripe, 

Other common name: red-bellied dace. approximately 12 or more per side. Peritoneum black 
or dark brown. 

Breeding male southern redbelly dace are among 
i the most strikingly beautiful of all Wisconsin fishes. 

Fa Intense reds cover the lower sides, breast, abdomen, 

a rs chin, lower head, and the base of the dorsal fin. All 
OY 0, dug hwttnemeeeeeneememmemnantts ie fins are a vivid yellow edged in white. The 2 black 

a lateral stripes enclose a broad yellow band. Breeding 
> “SS : females occasionally have red pigment about the base 

i of the pectorals, and a reddish wash from above the 
pelvic fins to the base of the anal fin. Specimens 

Adult male 65 mm, tributary to Pecatonica R. (Lafayette Co.), 28 which have been in the UWSP collection for 15 years 
June 1960 continue to retain these colors, an unusual occur- 

rence since in formalin and alcohol most pigments 
fade within a short time. 

Breeding male finely but densely tuberculate on 
nt head, on body scales, on rays of all fins except the 

F en ARIE 5 gy —) caudal fin; about 8 rows of closely apposed tubercles 
ce sae ee = in a unique patch anterior to the pectoral base and 

4 a) il 5 a) parallel to the opercular sagen eeseine female 
with scattered tubercles on top of head. 

Sexual dimorphism: In male, the distance from the 

end of the pectoral to the pelvic origin is usually less 
Adult female 67 mm, tributary to Pecatonica R. (Lafayette Co.), than one-fourth the length of the pectoral fin; in fe- 

28June'1960 male, the distance is usually greater than four-tenths 
the length of the pectoral fin. In male, pelvic fin into 

DESCRIPTION SL 5.1—-5.9; in female, 6.6—8.8. 

Body elongate, almost cylindrical. Average length 64 Hybrids: Reported with the common shiner, creek 
mm (2.5 in). TL=1.24 SL. Depth into TL 4.1-5.8. Head chub, redside dace, finescale dace, and central 

length into TL 4.5-5.2. Snout blunt. Mouth terminal, stoneroller minnow (Greenfield et al. 1973, Cross and 

with tip of upper lip protruding beyond lower lip; Minckley 1960, Hubbs and Bailey 1952, Slastenenko 
mouth moderately oblique (about 36° with horizontal 1957, Trautman 1957). 

axis) and straight, extending to below posterior nos- 
tril; barbel generally absent (present in groove in up- 
per lip anterior to angle of mouth in some individu- SYSTEMATIC NOTES 
als from the Blue River, Grant County). Pharyngeal A thorough study in Minnesota (Phillips 1969a) 

teeth 5-5, slender, slightly hooked. Eye into head showed that the southern and northern redbelly dace 

length 3.8-4.9. Gill rakers short, conical, 7-9. Dorsal are morphologically distinct and do not interbreed 
fin origin distinctly posterior to origin of pelvic fin; where sympatric. 
dorsal fin rays 8; anal fin rays 8; pectoral fin rays 14— Koster (1939), on the basis of the similarity of tri- 
15; pelvic fin rays 8. Lateral scale series 67-90; lateral angular patches of tubercles near the pectoral fins, 
line very short or incomplete. Digestive tract 1.6-1.7 concluded that the groups Chrosomus (= Phoxinus)— 
TL, increasing in length with size and age of fish. Pfrille and Margariscus—Clinostomus—Couesius form a 
Chromosomes 2n = 50 (W. LeGrande, pers. comm.). closely related series. The discovery in Wisconsin of 

Back above lateral stripe light olive, below lateral a population of southern redbelly dace, with barbels 
stripe silvery white with red, yellow, or pink wash. typical of Semotilus (subgenus Margariscus), further 
Lateral stripe beginning on side of snout and termi- supports this relationship.
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DISTRIBUTION, STATUS, AND HABITAT strates of gravel (27% frequency), rubble (21%), silt 
In Wisconsin, the southern redbelly dace occurs in (19%), sand (10%), mud (6%), boulders (6%), clay 
the Mississippi River and Lake Michigan drainage (5%), and bedrock (5%). It occurred in rivers of the 
basins, and ranges northward through the center of following widths: 1.0-3.0 m (54%), 3.1-6.0 m (24%), 
the state. The overall range appears to be similar to 6.1-12.0 m (14%), and 12.1-24.0 m (8%). Vegetation 
that of the species in the 1920s (Greene 1935); how- is sparse to absent in its habitat. 
ever, many additional sites within that range have 
been recorded since then. BIOLOGY ‘ 5 Fea 

In southern Wisconsin the southern redbelly dace In Wisconsin, spawning begins in early May and ex- 
is abundant in small- to medium-sized streams, al- tends into late July, although males may retain their 
though it is absent in many likely looking streams of brilliant colors into August. Gravid females with ripe 

Crawford and Richland counties. It appears to have eggs were collected from a feeder stream to the Grant 

moved into a number of new localities in central Wis- River (Grant County) on 24 July, but all females ex- 
consin; throughout this region it is rare to uncom- amined an August were spent. . ; 
mon. Its status in the lower Lake Michigan drainage Extensive observations of spawning behavior were 

of Wisconsin is insecure, and it appears to have dis- made near Lake Forest, Illinois, a few miles south of 

appeared from a number of locales in the Milwaukee, the Wisconsin-Illinois line (B. G. Smith 1908). No 
Menomonee and Root river drainages. aggression between males was observed. Competi- 

In Wisconsin the southern redbelly dace was en- tion was limited to the struggle to get a position next 
countered only in streams, generally in clear water, to the female: 
and less commonly in slightly turbid and turbid wa- . . . Several males pursue one female; as the foremost 
ters. It was found at depths of 0.1-1.5 m over sub- males gain a position alongside the female, the flight and
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pursuit attain almost lightning-like rapidity. At length two ing eggs 0.75-1.0 mm diam. In the latter fish, imma- 
males spawn with the single female as follows: One on ture eggs were about 0.5 mm diam. 
each side presses the side of his head against that of the Phillips (1969c) estimated the total number of eggs 
female, all three facing up stream. The two males then (including undeveloped eggs) per female (58.7-81.5 
crowd laterally against the female, held between them; mm TL) as 7,748-20,966. This potential fecundity level 

their entire‘flanks‘are thus:pressed against the:sides:of the probably is not realized in the production of mature 
female. While the males are in this position, a rapid vibra- : 

tion of their bodies occurs. The wave of pressure begins at eggs during the 1-3 years that a female may breed. P 8) ; 
the anterior end of the body and passes backward as a side- By scale analysis, southern tedbelly dace, collected 
wise undulating movement. Other males may attempt to 24 July 1962 from a tributary of Rogers Branch (Grant 
crowd in. So far as observed, the female remains passive County) showed the following growth: 
(p. 13). 

Smith noted that immediately after spawning other Calculated TL at 
fishes poked their noses into crevices between peb- fat) anne 
bles, just downstream from where the spawning oc- Age No. of —— ———— 
curred, evidently in an attempt to get at the scattered Ges sy Baas 

eggs 0 eat them, eS . 2 22 =. 
Smith observed that an entire school, in a compact mt 7 73.7 71-76 31.4 562 68.1 

body, may spawn on the pebbly margin of a stream 
in a “writhing mass of several hundred fishes . . . Ava (weighted) BED 
rasping over the pebbles and wriggling into water so 
shallow that their dorsal surfaces are exposed.” He 
noted that in shallows where the participants were Age-I southern redbelly dace under 50 mm TL are 
wedged among large pebbles and were in close con- immature; those over 50 mm TL are mostly mature. 
tact with the bottom, their positions might be held All age-II and age-III fish are mature. Females average 
indefinitely, and that they might lie for many minutes slightly smaller than males. The largest Wisconsin 
without motion, except for the frequent rapid vibra- dace seen was a male, 76 mm (3.0 in) TL. 
tion of their bodies. In one instance a male crowded The diet of southern redbelly dace taken from Blue 
the female laterally against some pebbles and curved River (Grant County) consisted of large amounts of 
his tail up over her body, thus holding her firmly plant matter and sand with only a single, unidentifi- 
against the bottom; his body vibrated rapidly and the able trace of animal matter (V. Starostka, pers. comm.). 
water became cloudy with milt. In southeastern Wisconsin, Cahn (1927) found Ento- 

The southern redbelly dace also uses abandoned mostraca, algae, and particles of aquatic vegetation, 
nests of Nocomis (Hankinson 1932) and probably and an occasional Hyalella or Gammarus. 
creek chub (Smith 1908). In an abandoned nest, In general, this species feeds chiefly on micro- 
Smith noted a school of a dozen or more males scopic plants (Forbes 1883, Raney 1969, Rimsky-Kor- 
crowded together to await the arrival of one or more sakoff 1930). Zooplankton may be present in stom- 
females; spawning occurred in the hollow of the achs in trace amounts. Mud, sand, silt, and detritus 
nest. Sometimes males left the nest in a body and constituting up to 90% of the volume of ingested ma- 
returned to it repeatedly; their movements appeared terials are freely consumed. In Minnesota, Phillips 
to be excited, and suggested that they were attempt- (1969b) noted that food items generally correspond 
ing to entice or drive a female into the nest. to what is available in the stream, and that feeding 

In Wisconsin, mature ripe females were collected activity is higher in the daytime than at night. Food 
on 28 June 1960 from a feeder to the Pecatonica River is obtained by nibbling or sucking slime from the 
(Lafayette County). A 67-mm fish with ovaries 26% stones and other objects on the bottom. The elon- 
of total weight held 862 ripe orange-yellow eggs gated intestine is designed to handle plant digestion; 
1.2-1.3 mm diam; immature yellow-white eggs about Phillips observed that it increases in length with age 
0.7 mm were less numerous than mature eggs. A 68- at a rate faster than body growth. 

mm fish with ovaries 24% of body weight held 1,020 Clear and shaded waters are the prime habitat of 

ripe eggs. On 20 July 1962 in Bacon Branch (Grant the southern redbelly dace. If undercut banks are ab- 

County), a 59-mm female with ovaries 14% of body sent, this species when frightened forms closely 

weight held 230 eggs 1.25 mm diam, and a 76-mm packed schools in midwater, instead of scattering to 
fish with ovaries 5% of body weight held 550 matur- hide under objects as many other brook species do.
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The schooling behavior of this species is strong, even very low, even in those brooks containing a large 
after the spawning season is over. amount of suitable habitat. 

In Bacon Branch (Grant County), 199 southern red- The southern redbelly dace is a good bioassay ani- 
belly dace were associated with the following species: mal and aquarium species if handled with reasonable 
white sucker (22), central stoneroller (185), long- care (Ward and Irwin 1961). Eddy and Underhill 
nose dace (3), hornyhead chub (10), creek chub (22), (1974) note that, if the day length is controlled, these 
bluntnose minnow (9), suckermouth minnow (2), fish retain their brilliant red pigmentation for a long 
common shiner (53), bigmouth shiner (5), johnny dart- period of time. In caring for this species, a large tank, 
er (11), fantail darter (43), and largemouth bass (3). well-oxygenated water, and plenty of swimming 

space is required. Sterba (1973) recommended sum- 
mer temperatures of 15-—23°C (59-73.4°F), and winter 

IMPORTANCE AND MANAGEMENT temperatures of 12-15°C (53.6-59°F); spawning will 

The southern redbelly dace has been used as bait for occur in spring at temperatures of 20-24°C (68-75.2°F). 
crappies in southern Minnesota, although it is not as This native fish is not as sensitive to temperature as 
hardy as the northern species (Dobie et al. 1956). The many of the tropical species. 
southern redbelly dace is highly vulnerable to cap- Although accounts of the southern redbelly dace 
ture. Trautman (1957) observed that in a few hours as a forage species are not known, its strong school- 
two commercial bait seiners could capture 75% of the ing habit in exposed shallows, especially during 
dace population in a half-mile of stream. In fre- spawning, suggests vulnerability to fish-eating birds 
quently seined streams, the dace populations are and mammals.
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Northern Redbelly Dace stripe and mid-dorsal stripe appears as a solid line 
from operculum to behind the dorsal base, after which 
it becomes a series of dots. Irregular spots in a line 

Phoxinus eos (Cope). Phoxinus—tapering, the old on upper back on either side of the mid-dorsal stripe 
name of the European minnow; eos—sunrise. generally unclear, diffuse, or absent, 10 or less per 

Other common names: redbelly dace, red-bellied side. Peritoneum black or dark brown. 
dace, leatherback, yellowbelly dace. Breeding male with about 6 rows of minute tu- 

bercles on breast below opercular margin. Tubercles 
on pectoral fin rays, and on scales of lower half of 

caudal peduncle. Intense red on abdomen of male; 

Se . occasionally bright yellow on abdomen throughout 
_ tenant a? oe Me breeding season. 

tay a cere Sexual dimorphism: The length of pectoral, pelvic 

: = a depressed dorsal and anal fins is significantly greater 
= in males than in females (Phillips 1969a). Sexual 

variation is not apparent until a total length of 30-40 
mm is attained. 

Adult male 53 mm, tributary to Little Sandy Cr. (Marathon Co.), Hybrids: Northern redbelly dace x common shiner 

29 May 1961 (Gilbert 1964), northern redbelly dace x finescale 

dace (New 1962, Legendre 1970). Legendre reported 
northern redbelly dace x pearl dace and suspected 
tri-hybrid northern redbelly dace x finescale dace 

ee x pearl dace. 

a) gre wis © é SYSTEMATIC NOTES 
i a Xk Sa. The northern redbelly dace and southern redbelly 

j . dace are generally regarded as two species, although 

Adult female 59 mm, tributary to Little Sandy Cr. (Marathon Co.), 2 \- second crosswise coil 
29 May 1961 é 

3 \ 
DESCRIPTION \\ 
Body elongate, almost cylindrical. Average length 51 | 
mm (2 in). TL = 1.24 SL. Depth into TL 4.4-6.3. j | 

Head length into TL 4.4-5.1. Snout bluntly pointed. _ =P PT sticrosewiesicoll 
Mouth terminal, with chin generally protruding be- | | f | 

yond upper lip; mouth strongly oblique (about 50°, \ | } | | 
with horizontal axis) and curved, extending to below \ \ f i | 
midnostril; barbel absent. Pharyngeal teeth 5-5 (oc- \ : 
casionally 1 or 2 missing on one side), slender, \ \ — - primary loop 
hooked. Eye large, into head length 2.7—4.3. Gill rak- \ \ / 
ers short, conical, about 10. Dorsal fin origin dis- \ \ / 
tinctly posterior to origin of pelvic fin; dorsal fin rays \ \W/ 
8 (7); anal fin rays 8; pectoral fin rays 13-15; pelvic fin \ 
rays 8. Lateral scale series 77-81 (70-90); lateral line N 

incomplete, decurved. Digestive tract elongate with \ | / 
2 crosswise coils 1.1-1.6 TL. Chromosomes 2n = 50 | 

(Legendre and Steven 1969). \ [ 
Back above lateral stripe dark olive; below lateral | 

stripe silvery white, yellow or red, the colors usually | 
a condition of spawning. Lateral stripe beginning on u 

snout and terminating in a basicaudal spot. A thin, Ventral view of the alimentary tract of the northern redbelly dace 
dorsolateral stripe on upper back between lateral with ventral body wall and viscera removed
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the northern redbelly dace has also been considered This dace prefers the quiet waters of beaver ponds, 
a subspecies of the southern redbelly dace (Jordan bog ponds, and small lakes, as well as quiet, pool- 
and Evermann 1896). A thorough study in Minnesota like expansions of headwater streams, often over bot- 
(Phillips 1969a) showed that these forms are morpho- toms of finely divided brown detritus or silt. In such 
logically distinct, do not interbreed where sympatric, locations the water is often stained the color of tea 
and hence are distinct species. and may be slightly acid. In Wisconsin this species 

was encountered most frequently in clear to slightly 
DISTRIBUTION, STATUS, AND HABITAT turbid water at depths of 0.1-0.5 m (less frequently 
In Wisconsin, the northern redbelly dace occurs in all at 0.6-1.5 m) over substrates of sand (27% fre- 
three drainage basins. In the Mississippi River basin quency), gravel (23%), silt (17%), mud (10%), boul- 
it generally avoids the unglaciated southwestern ders (9%), rubble (7%) detritus (5%), and clay (1%). 
quarter of the state, and, although it almost reaches It was taken once over bedrock; it has seldom been 
the Illinois line, this species has never been collected taken over marl. It occurred in streams of the follow- 
in that state. It occurs rarely in the shallows of Lake ing widths: 1.0-3.0 m (44%), 3.1-6.0 m (17%), 
Superior and northern Lake Michigan. 6.1-12.0 m (18%), 12.1-24.0 m (11%), 24.1-50.0 m 

The northern redbelly dace is abundant in small (7%), and more than 50 m (3%). The northern red- 
streams and in bog lakes of central and northern Wis- belly dace is often associated with vegetated areas. 
consin. In the lower half of the Lake Michigan basin In central Wisconsin, the analysis of six habitat 
it is gone from a number of locales where it was types—upstream and downstream sectors of new 
found in the late 1920s, but over the remainder of its ditch, old ditch, and natural stream—showed that 
range it appears secure. the northern redbelly dace was most abundant in the
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upstream natural stream and in the downstream fish with ovaries 15% of total weight held 410 ripe 
ditches, and scarce or absent in downstream natural eggs 1.0 mm diam; immature eggs were in several 
stream and in the upstream ditches (Headrick 1976). stages of development up to 0.6 mm diam. Such dif- 

The northern redbelly dace and its closely related ferences in the egg generations within a single female 
form, the southern redbelly dace, live in very differ- suggest that a female has two or more distinct 
ent types of habitats. In some waters, however, as in spawning periods during one season. The eggs hatch 
the lower Tomorrow River (Portage and Waupaca in approximately 8-10 days at water temperatures of 

counties), they occur together. In this river the north- 21.1-26.7°C (70-80°F) (Hubbs and Cooper 1936). In 

ern redbelly dace was the only form taken years ago, Michigan young-of-year grew 0.23-0.28 mm per day 
but the southern redbelly dace has appeared in in- (Chapoton 1955). 
creasing numbers in recent years. Scales of the northern redbelly dace are difficult to 

read; however, when used in conjunction with a 
BIOLOGY length-frequency analysis of 401 fish collected 30 

At the latitude of Wisconsin the spawning season ex- iene 't0d for Speen eek io Pirsh emmnihy), Lae 
: able to make the following estimate of growth: age 

tends from the latter part of May into August. The 
igs : 0—25-31 mm, age I—33-56 mm, age II—58-60 mm. 

condition of museum specimens suggests that most . 
vecrccjeun GA Ts . . A collection taken 19 July 1966 from the outlet creek 

spawning in Wisconsin occurs in June and July. . : 
: : to McCall Lake (Menominee County) was inter- 

The spawning behavior of the northern Redbelly : ‘ 
+8 4s preted to consist of the following year classes: I—44— 

dace has been studied in Michigan by Hubbs and 
Cooper (1936:65): 49 mm, II—52-69 mm, and III—70-77 mm. 

According to Hubbs and Cooper, the rate of 

. . . Spawning occurs in pairs or in a group of one female growth and the age of maturity of northern redbelly 
and several males. The breeding males can be easily rec- dace vary considerably according to the time at 
ognized by their more brilliant colors, the breeding females which the young hatch. Those hatching early in the 
by the swollen abdomen, due to the presence of large eggs. season will spawn the following year at age I; those 
The great activity of the female, when ready to spawn, im- aera : 

: f : individuals hatching late probably do not spawn un- 
mediately attracts the ripe males, which then pursue her, il IL At the latitude of Wi 5 fish i 
in what appears to be a type of spawning courtship. The babe Th ete, autude Of WiscOnsiL some Astve 
female followed closely by 1 to as many as 8 males, darts at least 3 years. In Canada, Scott and Crossman 
through the water for several feet as if attempting to es- (1973), citing, Legendre, reported this species reach- 
cape. The first male to be attracted to the female, some- ing 5 years, and a maximum age of 8 years. 
times the only one, takes up a position a few inches behind The largest Wisconsin fish observed was a 77-mm 
and just below the female; other males joining the pursuit female from the outlet to McCall Lake (Menominee 
take up positions behind for several feet, the female darts County). M. Johnson (pers. comm.) reported an 80- 

headlong into a mass of filamentous algae, almost imme- mm fish from the Menomonee River (Waukesha 
diately followed by 1 or more males. The entire spawning County) in 1967. 
group appears to struggle against the obstruction offered The food of the northern redbelly dace consists 
by the entangling algal filaments. The male, when only one . : : 
<s spas s as . . mainly of algae such as diatoms and filamentous al- 
is involved, takes a position directly alongside the female; but it also includ lank d tici 
several males, when present, form a dense cluster about gae, but it also ane GES ZOO PIADIStOn ani aquatic.:m- 

the female, each approximately parallel to the female. It is sects. In aquariums, redbelly dace will eat small- 
not evident whether more than one male spawns with one mouth bass fry 8-9 mm long (Scott and Crossman 
female at the same time. The spawning act, lasting 2 to 4 1973). 
seconds, is accompanied by a vigorous vibration of the The northern redbelly dace frequently occurs in 
bodies of the spawning fish. After the first spawning act waters which are too warm for trout. With proper ac- 

the pair or group, in courtship pursuit, darts from one algal climation this dace tolerates midsummer temper- 
mass to another, performing a similar spawning act in atures ranging from 4 to 32°C (39.2 to 89.6°F) (Brett 
each. By careful examination, it is seen that these masses of 1944). 

— oe = ted 30) — eggs, scattered In a tributary to Little Sandy Creek (Marathon 
Me ATEN CU NAT iChat nOng ie amen County), 245 northern redbelly dace were associated 

In Wisconsin, mature females were collected on 18 with the following species: white sucker (27), black- 
June 1960 from Hemlock Creek (Wood County). A 60- nose dace (42), creek chub (23), redside dace (8), fat- 

mm fish with ovaries 20% of total weight held 435 head minnow (1), common shiner (102), brassy min- 

ripe orange-yellow eggs 0.9 mm diam; immature yel- now (2), central mudminnow (7), johnny darter (3), 
low-white eggs were 0.3-0.6 mm diam. A 58-mm and brook stickleback (14).
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IMPORTANCE AND MANAGEMENT gills. It is extremely hardy and lives well under 
The northern redbelly dace probably has a host of crowded conditions in a minnow pail (Hubbs and 
predators, such as other fishes, kingfishers, and mer- Cooper 1936). 

gansers. In New York (Greeley and Greene 1931), it When taken with its brilliant breeding colors, the 
has been exterminated in most ponds where perch or northern redbelly dace surpasses in splendor many 
bass have entered. Elsewhere there have been re- tropical fishes. It makes an attractive aquarium fish, 
ports of predation by brook trout; to what extent and can be spawned successfully by using a synthetic 
brook trout prey on this dace in Wisconsin is not fiber mat as a site for egg deposition (Eddy and Un- 
known. Hubbs and Cooper noted that since this dace derhill 1974). Fry bred in aquariums have been raised 
is almost exclusively a plant eater, and therefore com- to maturity. The northern redbelly dace thrives on 
petes very little with trout for food, it appears to be a dried aquarium foods. 
more desirable forage minnow for trout streams than The experimental propagation of this minnow ina 
some other minnows, such as the creek chub and the small pond in Grand Rapids (Michigan), at the rate 
blacknose dace. of 320,000 fish/ha (128,000/acre), has shown that it 

The northern redbelly dace is occasionally sold as can be reared for bait. Since it feeds to a considerable 
a bait fish in Wisconsin. In spite of its small size, it is extent on bottom ooze and plant matter, it uses the 
a good bait for perch, crappies, rock bass, and blue- foods most readily available in the food chain.
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Lake Chub In female, rosy color on body about base of pectoral 
fin. Peritoneum silvery. 

Breeding tubercles appear in both sexes. In male, 

Couesius plumbeus (Agassiz). Couesius—after Dr. Elliot fine tubercles on top of head, opercles and cheeks, 
Coues, American ornithologist, collector of type on edges of scales of back, on scales of sides to lateral 
specimens; plumbeus—lead colored. line, on breast, caudal peduncle, and on rays of pec- 

Other common names: northern chub, lake northern toral and pelvic fins. In female, same as in male ex- 

chub, chub minnow, plumbers minnow, Moose cept less heavily tuberculate, with only the anterior- 

Lake minnow, bottlefish. most rays of the paired fins tuberculate. 
Sexual dimorphism. In male, pectoral fins long and 

- a subcircular; gap between end of pectoral fin and ori- 
; a gin of pelvic fin about half the length of pectoral fin. 

OMEGA ke ee " In female, pectoral fins short and ovate; gap be- 

See ¥ er <a tween end of pectoral fin and origin of pelvic fin about 

ee .. tees — three-fourths the length of the pectoral fin. 

5 Hybrids: Lake chub x longnose dace uncommon, 
Adult male 151 mm, L. Michigan, Kroeff Cr. (Sheboygan Co.), 19 but reported from Isle Royale (Hubbs and Lagler 
Apr. 1974 1949) and Upper Michigan (Taylor 1954). Although a 

pearl dace x lake chub hybrid has been reported, it 

cd 3 has not been proved (Hubbs 1942). Couesius is rela- 
. j Fel tively resistant to hybridization. 

SP Can Pn geal 
a _ SYSTEMATIC NOTES 

¥ Bailey (1951) submerged Couesius in Hybopsis Agas- 
siz. However, recent studies indicate that Hybopsis is 

Adult female 197 mm, L. Michigan, Kroeff Cr. (Sheboygan Co.), an unnatural assemblage, and Jenkins and Lachner 

19 Apr. 1974 (1971) recognized Couesius as a genus rather than a 
subgenus of Hybopsis. The Couesius group shows af- 

DESCRIPTION finity with Semotilus, particularly with Semotilus mar- 
Body elongate, almost round in cross section. Aver- garita, in barbel position, scale pattern, tubercula- 
age length 127 mm (5 in). TL = 1.22 SL. Depth into tion, breeding color, scale morphology, vertebral 
TL 4.8-6.9. Head length into TL 4.5-5.3. Snout numbers and other features. 
bluntly rounded and slightly overhanging the mouth. Earlier, Koster (1939) noted the similarity of tuber- 
Mouth large, almost reaching to anterior margin of culate scale patches in Phoxinus, Semotilus margarita, 
eye; long, prominent barbel present in corner of and Clinostomus, and suggested that these species 
mouth. Pharyngeal teeth hooked, usually 2,4-4,2 form a closely related series. 

(variable 2,4—4,1; 1,3-4,2, etc.). Gill rakers short, 

4-9. Dorsal fin originating over pelvic fin; dorsal fin DISTRIBUTION, STATUS, AND HABITAT 
rays 8; anal fin rays 8; pectoral fin rays 15-16 (13-18); In Wisconsin, the lake chub is found in the shore wa- 
pelvic fin rays 8. Lateral line scales 63 (60-67); lateral ters of Lakes Superior and Michigan, more com- 
line complete. Digestive tract with only a single loop, monly about the mouths of streams at depths of 1 m 
length less than TL. Chromosomes 2n = 50 (Le- or less. Along shores it occurs over sand bottom in- 
gendre and Steven 1969). terspersed with large-sized boulders. Tributary streams 

Back and upper sides lead gray, silver to silver- to Lake Michigan appear to be used only for spawn- 
white below lateral line. An occasional darkened ing during the spring; tributaries to Lake Superior, 
scale on the sides. During breeding season rosy including those which have intermittent flows, ap- 
colors appear in both sexes. In male, faint rosy wash pear to hold permanent populations. 
at corner of mouth, on upper lip and above lip Although not reported from the Mississippi drain- 
groove; faint rosy color at upper angle of opercle ex- age basin in Wisconsin, in 1954 the lake chub was 
tending into opercular cavity; intense rosy spot on taken from Twin Springs Creek, northwest of Du- 
body surrounding base of pectoral fin, and rosy spot buque, Iowa, and across the Mississippi River from 
above base of pelvic fin; faint rosy stripe (3-6 mm Grant County, Wisconsin. Like Cottus cognatus, which 
wide) along side of body just above paired and anal lives in the area, the lake chub’s occurrence in north- 
fins; during courtship a distinct black lateral stripe. eastern Iowa far south of the main range of the spe-
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| Couesius plumbeus [eet f lg Aga __| | O Greene (1935) 
cies is explainable as a glacial relict (Bailey 1956). Bayfield and Douglas county tributaries to Lake Su- 
Streams with Cottus cognatus populations have been perior. The future of this species appears secure if 
found in southwestern Wisconsin, and the possibility water conditions along the shores of the Great Lakes 
exists that the lake chub may occur as a relict species remain unchanged. 
in one or more of those streams. It is also likely that The lake chub tolerates a wide variety of environ- 
this species may inhabit deep lakes containing cis- ments, and has the most widespread northern distri- 
coes or lake trout, since it is a common associate of bution of any North American minnow. It frequents 
these species in the inland lakes of Canada, the Up- lakes and streams, including both clear and turbid 
per Peninsula of Michigan, and northern New York waters, and even the outlets of hot springs (McPhail 
(Greene 1935). and Lindsey 1970). 

Streams in the Lake Superior drainage with lake Little is known about this species and its habits. In 
chub populations which occur many kilometers up- the southern parts of its range it is more common in 
stream are: Bluff Creek (to 22 km upstream), Ne- lakes, but northward it is more common in rivers. 
madji River (9 km), Bardon Creek (12 km), and Pop- The lake chub sometimes occurs in large schools, and 
lar River (10 km) (all in Douglas County); Reefer Creek is essentially a shallow water species. In large lakes, 
(16 km) and Sand River (14 km), (both in Bayfield it can be taken by seining shoals. 
County). Streams in Lake Michigan basin from which In collecting the lake chub from Lake Michigan, I 
this species has been reported are Sauk Creek noted that the greatest inshore density was at depths 
(Ozaukee County), Kroeff Creek and Sevenmile Creek of 15 cm to 1 m just out of the mouth of a tributary 
(Sheboygan County), and Red River into Green Bay stream. Hauls of 7-10 individuals were taken here. 
(Kewaunee County). As we moved along the shore from this center, the 

The lake chub is common in shoal waters of stream number of fish captured dwindled. At 100 m from 
mouths in Green Bay and Lake Michigan, and in the the mouth of the creek, the lake chub was no longer
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captured. Catches were especially common along Courtship pursuit continued until the female swam 
large boulders. alongside or beneath a rock. A male then forced 

The lake chub’s presence in deeper water appears himself against her, and, as he vibrated vigorously 
to be sporadic. Several extensive fish surveys of deep and she appeared to struggle, the nonadhesive eggs 
waters have failed to report this species. No lake chubs freely dispersed. On one occasion when no rocks were 
were reported by Wells (1968), who trawled at depths available, a spawning act was observed over a gravel 

between 5.5 and 91.5 m in southeastern Lake Michi- substrate. Spawning was generally consummated 
gan; nor were they reported by Dryer (1966), who several times per minute, with each act lasting about 
trawled at 4-109 m and set gill nets at 4-160 m in the 1 second. Only a small number of eggs were re- 
Apostle Islands region of Lake Superior. Hubbs and leased during each act. Spawning was at times inter- 
Lagler (1949) reported 178-mm (7-in) adults taken in spersed with feeding, and both sexes were observed 

experimental gill nets set in 6-11 m of water in Middle to devour eggs. There was no evidence of parental 
Islands Passage (Isle Royale in Lake Superior), and guarding, nor was there any nest construction. 
the Museum of Natural History (UWSP) has re- In the Lake Michigan basin, spawning migrations 
ceived specimens which were gill netted from both of up to 1.6 km (1 mi) have been reported from Sauk 
Lake Superior and Lake Michigan by commercial Creek in Ozaukee County, but migration distances are 
fishermen at depths of 5 m or more. generally less than 0.8 km (0.5 mi). In a tributary 

The lake chub prefers cool waters, and is consid- stream to Lake Saugay, Quebec, temperatures at 
ered a trout indicator (Greeley and Greene 1931, spawning have been reported as 14°C (57°F); in the 

Hubbs and Cooper 1936). lake as 19°C (66.2°F) (Scott and Crossman 1973). In 
Saskatchewan, Brown et al. (1970) noted spawning 

BIOLOGY in the Montreal River in late May, but there was no 
In the Great Lakes region, spawning occurs in the spawning in Lac La Ronge until mid-June when sur- 
spring, usually in late April and May. In British Co- face temperatures reached 10°C (50°F). Although a 
lumbia, spawning occurs from late June to early Au- preponderance of afternoon spawning was indi- 
gust, and in Montana it occurs throughout the sum- cated, spawning also took place at night and contin- 
mer (Brown et al. 1970). ued until at least midnight. 

The ability of the lake chub to breed successfully On 19 April 1974, two prespawning lake chub males 
in a diversity of habitats (i.e., in river shallows, along from Lake Michigan (Sheboygan County), 164 and 169 
rocky shores, and in shoals of lakes) and over a va- mm TL and weighing 51 and 49 g, had testes 2.9 and 
riety of substrates (silt, leaves, gravel, and rocks) may 3.1% of total weight. On 26 April 1975, two pre- 
be an important factor in its abundance and distri- spawning Lake Michigan males, 159 and 164 mm TL, 
bution (Brown et al. 1970). had testes 3.3 and 3.1% of total weight. Ahsan (1966b) 

In Saskatchewan, spawning occurred at the mar- determined that temperature is the major environ- 
gins of the Montreal River in about 5 cm of water. mental factor controlling the development of sperm. 
Chubs began moving into shallow spawning areas in Low temperatures of 5-12°C (41-53.6°F) during the 
the morning; most spawning occurred in the after- winter preceding spawning are essential for normal 
noon, although some took place until at least mid- gonadal proliferation and formation of the primary 
night (Brown et al. 1970). Courtship and spawning spermatocytes. Higher temperatures, 16-21°C (60.8- 
behavior were observed in an aquarium. Males 69.8°F), hasten or terminate sperm production in 
showed aggression by holding their positions before prespawning fish. 
an introduced object, twitching their bodies and fins, Ahsan (1966a) also noted that there is continual 
and giving chase. When a female was introduced, the sperm production in the testes during spawning, 
males pursued her from beneath with persistent making repeated sperm discharges possible. When the 
nosing in her vent region. This forced the female up- ratio of males to females is low, repeated sperm dis- 
ward, often causing her to break surface. Males charges may be an advantage that ensures fertiliza- 
sometimes swam beside a female with their snouts tion of eggs. Photoperiod does not appear to domi- 
just behind her operculum; if several males were nate sperm development at any stage. 
present they swam side by side, apparently compet- On 26 April 1975, three prespawning Lake Michi- 

ing for position beside the female. The lateral body gan females of 168, 175, and 181 mm TL had ovarian 
stripe of males became darker and more distinct dur- weights which were 22.4%, 22.7% and 22.9% of total 
ing courtship, and the mouth was rapidly opened and weight. The ovaries contained 5,290, 5,820, and 6,630 

closed. eggs respectively; they averaged 1.6 mm diam. A fe-
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male of 194 mm and 104 g collected 19 April 1974, The largest known individual came from Lake 
had ovaries 25.2% of total weight containing an esti- Mattagami, Quebec. It was 227 mm (over 8.9 in) TL 
mated 11,440 eggs, 1.65 mm diam. (Scott and Crossman 1973). 

In Saskatchewan, egg production in a 100-mm fe- The food of young lake chubs consists of cladocer- 
male was about 800, and in a 130-mm fish it was as ans and copepods; that of older fish is essentially in- 
high as 2,400 (Brown et al. 1970). Of 919 eggs col- sects. Stomachs of 15 chubs taken from Lake Michi- 
lected from among silt, leaves, and wood fragments, gan off Door County showed that 7 had ingested 
519 (56%) were viable. Silt apparently had no ad- ephemeropteran larvae, 6 had ingested dipteran lar- 
verse effect on early egg development. Eggs incu- vae, and 1 an Odonata larva; 4 stomachs were empty. 
bated at temperatures between 8 and 19°C (46.4 and Anderson and Smith (1971b) noted that lake chubs 
66.2°F) hatched after 10 days (Brown et al. 1970). from western Lake Superior had eaten small amounts 

Growth of lake chubs is rapid, and by mid-Sep- of crustaceans, including Mysis, copepods and cla- 
tember the young-of-year in Lake Michigan are 44— docerans, and large quantities of chironomids and 

70 mm TL. Lake chubs from Lake Michigan (Door dipterans. In a July collection, one lake chub held 
County) collected 3 July 1963 (UWSP 2254) showed unidentifiable fish remains, and an October collec- 
the following growth: tion yielded stomachs containing snails and fish eggs. 

The lake chub’s almost total lack of external taste buds 
TL Calculated TL at Annulus suggests that the fish is almost an obligatory sight 

Age No.of (mm) (mm) feeder (Davis and Miller 1967). 
Class Fish Avg __ Range 1 2 3 4 Species associated with 1 lake chub in Lake Michi- 

\ 1 n gan off Wind Point (Racine County) were: longnose 
ii : ee ee aaa ey jae dace (5), emerald shiner (1), and mottled sculpin (1). 
\v 2 165.5 165-166 725 1045 1345 1655 Associated species taken off Kroeff Creek (Sheboy- 

gan County) included: lake chub (c. 25), longnose dace 
Avg (weighted) TAT” 102.0) 131.7; _166:5 (13), white sucker (1), slimy sculpin (2), and nine- 

spine stickleback (1); taken off Bear Creek (Door 

A sample collected at the mouth of Kroeff Creek County) were: lake chub (43), longnose dace (112), 
(Sheboygan County) on 19 April 1974 (UWSP 4656) alewife (117), white sucker (7), fathead minnow (, 

showed growth as follows: creek chub (3), bluntnose minnow (6), common shiner 

(2), spottail shiner (27), sand shiner (1), mottled scul- 

a caleulsisar Tae Anadtuas pin (1), and brook stickleback (1). 

Age No.of ——!™™) mm 
Class Fish Avg Range 1 2 3 4 5 
mM 11 155.1 150-164 80.2 120.8 155.1 IMPORTANCE AND MANAGEMENT 
\V 5 168.6 159-175 72.0 106.6 142.0 168.6 The literature points to the lake chub as an impor- 
Nv 5 WTB 70-183 75.4. 109.4 139.2 160.6 177.8 tant forage fish for such predators as lake trout, bur- 
Avg (weighted) 774 1147 1482 1646 1778 bot, and walleyes. Scott and Crossman (1973) cite re- 

"saa rannuliieiforahe yearok cane had novverlednrdoposied= lenaie cords of predation by northern pike, mergansers, and 
year pture not yet been deposited; leng' " . é 

at time of capture is given. The annulus is deposited from June to the kingfishers. Unfortunately, there is no documenta- 

beginning of July. tion of such predator-prey relationships in Wiscon- 
sin waters. 

The 19 April sample was a prespawning population; In Canada (Scott 1967) this species is sometimes sold 
all males and females were ready to spawn. The males by bait dealers for early spring fishing for lake trout, 
(151-169 mm TL) were the smallest fish in the collec- and walleyes, and other species. The lake chub has 
tion and were all age III, except the 169-mm male, been observed to interfere with brook trout angling 
which was age IV. The females ranged from 150 to (Scott and Crossman 1973), for “it is almost impos- 
197 mm TL, and all were age IV or older. The scales sible to make a cast without catching one of these 
in age IV and older fish were difficult to read. In four minnows.” 
large females, 192-197 mm TL, scales could not be In the spring of the year the larger lake chubs are 
read at all; consequently these, which were esti- taken by smelt fishermen and mistakenly eaten as 
mated to be 6 or 7 years old, were not included in smelt. Larger lake chubs have been smoked. They are 
the above table. reportedly very good, and taste a great deal like cis- 

In Lake Michigan the lake chub matures at age III, coes. 
and few fish live beyond age V.
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Blacknose Dace lateral stripe in some fish; young-of-year with a dis- 
tinct broad stripe of black chromatophores extending 
from tip of snout to end of body, terminating in a black 

Rhinichthys atratulus (Hermann). Rhinichthys—snout, spot at base of caudal fin and extending out on to 
fish; atratulus—probably from atratus, meaning fin. Fin rays lightly etched in dark pigment. Perito- 

clothed in black as for mourning. neum silvery to dusky. 
Other common names: western blacknose dace, dace, Breeding males with minute tubercles on head, over 

striped or redfin dace, brook minnow, slicker, body scales, and on pelvic fins; a reddish lateral stripe 
“potbelly” or “pottlebelly” because it is fre- retained until fall, when it fades to a rust brown re- 

quently distended with parasitic worms. tained during winter. Membranes between pectoral 
rays 2-5, swollen near fin tip into breeding pad, oc- 

casionally light orange in color. Colored lateral stripe 
absent in female. 

| Sexual dimorphism: In male, end of pelvic fin 

Re AER as eo reaches base of anal fin; in female, end of pelvic fin 
os OP aks Ss eee : ane Caine i does not reach base of anal fin. In male, free end of ; oe ie 4 anal fin describes a right or near right angle with body 

Sy axis; in female, free end of anal fin describes an elon- 

gated loop. 
Hybrids: Artifical blacknose dace x longnose dace 

Adult male 75 mm, tributary to Little Sandy Cr. (Marathon Co.), (Howell and Villa 1976). The combination of one-to- 
29 May 1961 one pairing, spawning in slow waters, and burying 

eggs would successfully prevent the blacknose dace 
from forming natural hybrids with either the long- 

Zs - nose dace or other cyprinid species. 
= iy: <4 ge 

ee, gg lion es 2 SYSTEMATIC NOTES 
a FS) ee es ’ Several subspecies are recognized (Hubbs and Lagler 

i atl . ae 3 isi 1964), of which the western blacknose dace, R. atra- 

Ps tulus meleagris Agassiz, ranges in Wisconsin. This 
subspecies is distributed through the entire Great 
Lakes basin (except about the east end of Lake On- 

Adult female 101 mm, Tomorrow R. (Portage Co.), 5 Sept. 1960 tario) to northeastern Nebraska and Manitoba. 

DESCRIPTION DISTRIBUTION, STATUS, AND HABITAT 
Body stout, spindle-shaped, slightly compressed lat- In Wisconsin the blacknose dace is widely distrib- 
erally. Average length 64 mm (2.5 in). TL = 1.19 SL. uted in all three drainage basins. It is rarely taken in 
Depth into TL 4.4—6.6. Head length into TL 4.3-5.1. the shoals of Lake Superior and northern Lake Mich- 
Snout overhanging mouth by less than 1 mm. Mouth igan. 
slightly inferior, upper lip groove not continuous over In Wisconsin this species is common to abundant 
snout; mouth slightly oblique and extending to be- in small, cool headwater streams; it is uncommon to 
low nostril; pointed barbel in groove at angle of common in clear medium-sized streams. Its status 
mouth. Pharyngeal teeth 2,4—4,2, slender, hooked appears secure. 
without grinding surface. Eye into head length 3.5- This species prefers small headwater creeks with 
6.0. Gill rakers short, conical, widely spaced, 6-7. moderate to rapid water. With the exception of the 

Dorsal fin origin slightly posterior to origin of pelvic related longnose dace, the blacknose dace shows a 
fin; dorsal fin rays 8; anal fin rays 7; pectoral fin rays greater preference for swift water than any other 
13-16; pelvic fin rays 8. Lateral line scales 60-75; lat- Wisconsin minnow. It was encountered most fre- 

eral line complete. Digestive tract 0.8-0.9 TL. Chro- quently in clear or slightly turbid water at depths of 
mosomes 2n = 50 (Howell and Villa 1976). 0.1-0.5 m over substrates of gravel (24% frequency), 

Upper part of body brownish black and spotted sand (24%), rubble (14%) silt (13%), boulders (9%), 

with black blotches; lower part of body silvery and mud (8%), clay (3%), detritus (3%), and bedrock (3%). 
speckled with black spots; belly white. Faint, diffuse It was rarely taken in lakes or reservoirs. It occurred
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in streams of the following widths: 1.0-3.0 m (42%), and Pennsylvania (Raney 1940a). The following ac- 
3.1-6.0 m (20%), 6.1-12.0 m (16%), 12.1-24.0 m (15%), count is primarily drawn from these sources. 

24.1-50.0 m (7%), and more than 50 m, none. During spawning, prolonged displays of combat are 
observed in blacknose dace. A pair of males swims 
rapidly in tight circles, with the head of one fish at 

BIOLOGY the other's tail. While thus occupied, they are moved 
In Wisconsin, spawning occurs in May and June, and some 3-5 m downstream by the current, where they 
may extend into early July. In Iowa, spawning is re- break off circling maneuvers; they then return to the 
ported from early May through July over gravel (Noble area from which they started, swimming parallel to 
1965). Spawning temperature for the blacknose dace one another and bumping sides. 
is 21°C (69.8°F) in Pennsylvania (Raney 1940a). In Territorial behavior was not observed in Minne- 
central Wisconsin, water temperatures during the sota, but in Pennsylvania large adult males guarded 
spawning period average 20.6°C (69°F), but fluctuate and spawned in the same territories for 3 consecu- 
widely from 12.0 to 27.4°C (53.5 to 81.3°F) (Becker tive days. These holdings were over areas of sand and 
1962). Tarter (1969) suspected that photoperiod plays fine gravel, and stood out clearly from the rest of the 
an important role in the gonadal maturation and bottom. The territory varied somewhat in size, but 
spawning of western blacknose dace in Kentucky, as was usually an area 0.6 m (2 ft) or less in diameter. A 
a result of the somewhat thermal constancy of the male occasionally attacked another male beyond this 
stream. limit. Near the center of each holding there was a 

The breeding behavior of the western blacknose small depression 10-13 cm diam and up to 5 cm deep. 
dace has been observed in Minnesota (Phillips 1967) These depressions, Raney observed, were not dug out
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by the male, but were the result of a large number of seven times beneath the body of the female, occa- 
spawnings at the same spot. Considerable sand was sionally passing over or in front of her. If the water 
stirred up during each successful breeding act, and was too shallow for this, the male darted back and 
some of it drifted a few inches downstream. forth in front of the female several times. Traver also 

Raney described the spawning act as follows (p. reported the peculiar behavior of two males who could 
401): find no females (p. 119): 

The females were more retiring and remained in the ... One, a large male, was swimming restlessly about, and 

deeper parts of the pools until ready to spawn. When a the other, a smaller less brightly-colored male, was resting 
female came into or near a territory she was immediately near a tuft of grass, head upstream. Frequently the two 

greeted by a cluster of males who undoubtedly recognized approached each other, the smaller beneath the larger, his 
her by sight. The guarding male attempted to keep her for head pressing upward against the underside of the body 
himself and dashed at his rivals who temporarily consisted of the larger in the region of the pectoral fins, the caudal 

of males from adjoining territories as well as small males fins of the two fishes approaching one another and mov- 

with no holdings. He was usually successful in driving them ing with a peculiar fan-like vibration. 

away but the female would often retire to the pool only to In Wi : f | llected f 
return to the same or another holding very shortly. Finally n Wisconsin, mature:temales were: collected. trom 
when the female had taken a position in the center depres- a tributary to Little Sandy Creek (Marathon County) 

sion of the territory the male took his place along side with on 29 May 1961. An 85-mm fish with ovaries 10.6% 
his caudal peduncle thrown over hers. In the spawning act of total weight held an estimated 1,360 ripening eggs 
both vibrated violently and at the same time the end of the 1.0 mm diam; a lesser number of immature eggs 0.6- 
anal papilla was forced downward into the sand. The vi- 0.8 mm diam were present. A 90-mm fish with ova- 
bration lasted two seconds at times although occasionally ries 19.1% of total weight had an estimated 920 eggs 

shorter periods were sufficient. Considerable silt was raised 1.4 mm diam, and fewer immature eggs 0.6-0.9 mm 
- aia the eggs were laid and some at least were diam. A 72-mm female with a gonad/WT index of 
uried. . 
After spawning the female usually hurriedly retreated to a. = anvexar-cenabes ae mipetmuloowe eee 

the deeper area in th 1. However, on one occasion a A mn diam, A latespawning, 14g fenale, col 
P © eres A lected from the Pine River (Florence County) 25 June 

female was seen to remain at one spot for 10 seconds after ect’ ¥ af . 
spawning. A female would return and spawn with the same 1965, had a gonad/WT index of 17.4% and ovaries 
male at the same territory many times. She would also with ripe eggs. 
spawn with other males in their territories and much less Traver (1929) noted that fry were 5 mm long upon 
often with a small male on the edge of a holding of a large hatching. Early in free life fry begin to feed on chi- 
male. On several occasions a territory holding male was ronomid larvae with mayfly nymphs second in im- 
seen to go into another territory and guide a female back portance. Total insect material taken by this age-group 

into his own holding by placing his body so as to block her amounts to 67% of the food consumed; plant mate- 

when she attempted to move in a contrary direction. rial forms 23% of the food, of which 18% is diatoms. 
Spawning is at its height in late morning, al- Crustacea are taken sparingly during the first sum- 

though at times it may continue into early afternoon. mer and autumn. Very young blacknose dace feed 
According to Phillips, other fishes frequently in- largely from the surface. 

terfered with spawning pairs. Smaller blacknose dace M. Fish (1932) described and illustrated the 17.25- 
harassed spawning couples by diving in on them, mm stage of the blacknose dace. Noble (1965) noted 
obviously seeking eggs to eat. Interlopers frequently that scale formation proceeded forward from the 
knocked spawning partners off balance before caudal peduncle at 16-20 mm SL, that annuli formed 
spawning could occur. On one occasion after spawn- each year between March and May, and that fish 
ing had occurred, approximately 10 small blacknose which lacked scales until spring of the second year 
dace and common shiners converged on the pair, the also lacked the first annulus. 
male drove them away with one dash and then lin- Individuals 31 and 34 mm TL were captured from 
gered a moment, apparently moving grains of sand Bear Creek (Portage County) on 16 September 1965. 
with his snout. Raney listed the creek chub, striped The growth of blacknose dace from Lily River (For- 
shiner and rainbow darter as the three most frequent est County), collected 5 July 1966, is shown in 
egg-eating fish, other than blacknose dace, to in- the table on the following page. Annulus 3 was just 
trude into blacknose dace spawning sites. being deposited. The calculated lengths at age I of 

In the East, Traver (1929) described courtship be- some of the larger fishes (75 mm or greater) were 
havior in which the male swam back and forth six or unusually high, suggesting perhaps that the first
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Calculated TL at with a seine from the rocky bottom of a swift stream: 
um) aus a few of the dace jump over the top of the seine, while 

age No.of —— ——=— _-_ many dart beneath boulders to escape the lead line. Class Fish Avg Range 1 2 3 ‘ : “ - a anne" = The inexperienced collector is surprised at the small 
i ae a aoe 67:3 number which he actually captures. 

Ml 1 95.0 — 48.2 73.8 95.0 In summer the larger blacknose dace are found in 
the deeper pools, while the very young are found over 

avaiweignesdy) BB: BEBE ORD shoals. In winter all are found close up under the 
banks in the deepest water available. They move up- 
stream early in spring. 

annulus was missing. If this is the case, then the ages Kuehne (1958) studied the schooling behavior of this 
for some of these fish may have been underesti- minnow in detail. The blacknose dace forms a loosely 
mated. knit school which often includes creek chubs and 

In a sample collected 13 July 1960 from a tributary other minnow species. Groups of fish less than 50 
to Bear Creek (Portage County), the dace showed the mm long remain apart from schools of larger, older 
following lengths: I—59.3 (49-67) mm; II—73.2 (66- specimens. Aggregations are active during the sum- 
83) mm (R. Bruch, pers. comm.). mer and fall, but not in the winter. Spring spawning 

In two Massachusetts streams (Reed and Moulton tends to disrupt schooling. 
1973), mean TL for each age group at capture was: In schools, the lead fish tend to swim more erratic 
I—54.3 and 55.1 mm; II—61.0 and 66.5 mm; and III— paths, and thus greater distances, than the following 
74.0 and 73.7 mm. The back calculated TL values to fish. Leadership alternates among fish in the group. 
the annuli were: 1—42 and 44.4 mm; 2—52.4 and 56.4 All fish prefer large rather than small numbers of their 
mm; and 3—66.8 and 66.6 mm. own species, and prefer fish of nearly the same size. 

The blacknose dace begins to mature late in its sec- They are also more attracted to active than to slug- 
ond year of life, and is mature at age II (Noble 1965, gish individuals. The response to movement is a key 
Hubbs and Cooper 1936). mechanism involved in schooling. There is no evi- 

Insects are the major foods of the blacknose dace, dence that any sense other than sight is involved in 
but diatoms and other algae may contribute about 25% the schooling reaction. Blinded fish do not school, and 
of the diet (Breder and Crawford 1922, Carlander they swim more slowly and steadily than normal fish. 
1969). Fish collected from Millville Creek (Grant Kuehne suggested that the schooling habit might aid 
County) 23 June 1962 had eaten insects from the tri- in orientation, in feeding, and in predator avoid- 
chopteran, ephemeropteran, and chironomid groups. ance. 
Some stomachs contained dytiscids, Gammarus, fila- The blacknose dace is frequently taken with the 
mentous algae, and debris (J. Dine, pers. comm.). In longnose dace, trout, darters, sculpins, stickleback, 
Iowa (Noble 1965), Diptera larvae, primarily chiron- white sucker, creek chub, and common shiner. In the 
omids, appeared in 58% of the stomachs and in every Little Green River (Grant County), 198 blacknose dace 
collection. The high utilization of chironomids dur- were associated with brown trout (+), white sucker 
ing June and July may be related to the high growth (54), central stoneroller (2), longnose dace (21), creek 
rate of dace during that period. In late November and chub (32), southern redbelly dace (2), fathead min- 
in March desmids and diatoms were important food now (2), bigmouth shiner (8), and fantail darter (29). 
items. Some authors believe that the various plant In Wisconsin on the Tomorrow-Waupaca River 
materials are not digested to any great extent, and (Portage County), significant differences in counts and 
are consequently of little value as food (Hubbs and measurements of blacknose dace were found in two 
Cooper 1936). Numerous reports have indicated that populations separated by a dam and its reservoir, but 
the blacknose dace eats its own eggs, as well as those few differences were found in populations from the 
of other species such as white suckers (Reighard 1920). Tomorrow-Waupaca River and the Little Wolf River 

The blacknose dace is very active, darting from one (Becker 1962). Schontz (1963) noted significant varia- 
testing place on the bottom to another. It finds pro- tions in a number of characteristics in blacknose dace 
tection from the current by resting beneath and be- populations, and suggested that these differences are 
hind stones and pebbles. Its agility is best appre- a result of genetic isolation, rather than mere pheno- 
ciated by anyone who attempts to collect specimens typic responses to environmental differences.
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IMPORTANCE AND MANAGEMENT The blacknose dace probably does good service by 

There is little evidence that the blacknose dace is an devouring the mosquitoes and blackfly larvae that 
important forage fish. It has been reported as food thrive along trout streams (Adams and Hankinson 
for trout (Hubbs and Cooper 1936, Scott and Cross- 1926). 
man 1973), and has been found in the stomach of a The blacknose dace is an attractive aquarium pet, 
creek chub (Noble 1965). and does well when the aquarium water is circulated. 

Because the blacknose dace is a common inhabi- Propagation of the blacknose dace is possible. The 
tant of trout streams, it has been called a trout indi- milt and eggs may be stripped from ripe males and 
cator. Wherever blacknose dace are found trout may females, and artificial fertilization is practical (Dobie 
also be expected, although in some instances the dace et al. 1956). 
appears to tolerate higher temperatures than the trout.
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Longnose Dace body scales above the lateral line, but fewer on scales 
below lateral line; strongly pointed tubercles in 
paired rows on first 4—5 rays of pectoral fin. In males, 

Rhinichthys cataractae (Valenciennes). Rhinichthys— the premaxillary, cheek, axis of pectoral fin, process 
snout, fish; cataractae—of the Cataract, the origi- of pelvic fin, base of anal fin, and the base of the cau- 
nal type being from Niagara Falls. dal fin, are orange to salmon; in females, yellow to 

Other common names: longnosed dace, Great Lakes orange (Becker 1962). These colors may persist be- 

longnose dace, stream shooter. yond the spawning season with a secondary surge of 
color during October. 

Sexual dimorphism: In male, distance from end of 
pectoral fin to pelvic origin less than diam of eye; in 

BP female, greater than diam of eye. 

; al ZS Hybrids: Longnose dace x river chub (Raney 
, = 1940b), longnose dace x creek chub (Slastenenko 

i = 1957), longnose dace x lake chub (Hubbs and Lagler 
_ 1949), longnose dace x central stoneroller (Greeley 

1938), and longnose dace x common shiner (Ross and 
Cavender 1977). Experimental longnose dace x 

Adult female 90 mm, Namekagon R. (Washburn Co.), 17 Sept. blacknose dace (Howell and Villa 1976). 
1976 

DISTRIBUTION, STATUS, AND HABITAT 
DESCRIPTION The longnose dace occurs in all three Wisconsin 
Body elongate, almost cylindrical, slightly com- drainage basins. Since the 1920s, it has extended its 
pressed posteriorly. Average length 76 mm (3 in). TL range southward into the southwestern counties 
= 1.21 SL. Depth into TL 5.2-6.8. Head length into which drain into the Mississippi River and the lower 
TL 4.0-5.2; head flattened ventrally. Snout elongate, Wisconsin River; also, numerous records now appear 
overhanging mouth, extending beyond lower lip 1-3 from the shores of Green Bay and Lake Michigan. 
mm or more. Mouth inferior, upper lip groove not The longnose dace is abundant in fast water in me- 
continuous over snout; mouth extending to below dium-sized streams of the northern half of Wiscon- 
posterior nostril; pointed barbel in groove at angle of sin. It is common in small, fastwater streams of 
mouth. Pharyngeal teeth 2,4—4,2 slender, hooked, southwestern Wisconsin, and common to abundant 
cutting edge short. Eye into head length 4.2-6.0. Gill in wave-swept shallows of Lakes Michigan and Su- 
rakers short, conical, widely spaced on lower limb, perior. This species appears secure. 
6-8. Dorsal fin origin slightly to distinctly posterior The longnose dace in Wisconsin occurs in riffles or 
to origin of pelvic fin; dorsal fin rays 8; anal fin rays torrential water over a bottom of boulders and gravel; 
7; pectoral fin rays 13-15; pelvic fin rays 8. Lateral it generally avoids pools and quiet runs. It was en- 
line scales 61-75; lateral line complete, almost straight. countered most frequently in clear, warm water at 
Digestive tract simple S-shaped 0.6-0.8 TL. Chro- depths of 0.1-0.5 m. Substrates over which it was 
mosomes 2n = 50 (Howell and Villa 1976). found include gravel (23% frequency), rubble (22%), 

Back olive green to brown, but grayish in large sand (20%), boulders (14%), silt (10%), mud (7%), clay 
lakes; sides lighter, belly silvery white. Back and (2%), bedrock (2%), and detritus (1%). It occurred in 
sides mottled by scattered, darkened scales. Adults streams of the following widths: 1.0-3.0 m (26%), 3.1- 
with a dark stripe ahead of eye; young with stripe 6.0 m (19%), 6.1-12.0 m (19%), 12.1-24.0 m (23%), 

continuing posteriorly to a broadening blotch in front 24.1-50.0 m (12%), and more than 50 m, none. 
of caudal fin. Lateral stripe fades away in adults as In central Wisconsin, the longnose dace is the spe- 
pigmentation of the dorsal half of body increases. In cies of fish frequently found in torrential parts of 
the field this minnow can be identified as a species streams over bottoms of small rubble and coarse 
with 2 white spots on a dark field: the origin of the gravel, at water depths of 0.3—0.6 m (1-2 ft). The most 
dorsal fin and dorsal origin of the caudal fin are favorable habitat, however, is a long, fast slick over a 
white to cream-colored. bottom of fine gravel which is interspersed with beds 

Breeding males with minute tubercles over top of of aquatic vegetation—a habitat type less frequently 
head, on posterior edges of most of the dark-colored encountered in this region of the state.
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Rhinichthys cataractae_ fC Te MAY | | O Greene (1936) 

BIOLOGY constituting 15% of the ovarian weight; the ovary also 
The longnose dace spawns early, from late April to contained immature eggs in various stages of devel- 
mid-June (Becker 1962). The height of spawning in a opment. An 85-mm fish had eggs which were 1.7 mm 
central Wisconsin stream occurred from 5 to 8 May at diam, the largest eggs seen. A 99-mm fish, taken 23 
an average water temperature of 17.2°C (63°F); water May, had 655 ripe eggs, the greatest number encoun- 
temperatures ranged between 11.1 and 23.3°C (52 tered. The average total number of eggs per ovary in 
and 74°F). all stages of development was 2,440 (1,400-2,870). 

Greeley and Bishop (1933) observed spawning in For several females taken on 9 May the ovaries were 
New York state on 16 July. A school of at least 25 fish, 25-27.2% of the total weight. 
mostly males, swam over an area of fine gravel in a Early development of the longnose dace has been 
strong current in water 5-10 cm deep. A single described by McPhail and Lindsey (1970:249): 

spawning act was seen. A female stopped on the bot- 
tom, and a dense group of at least six males, indi- Eggs are laid in a group down amongst stones, and are 

viduals which had been following her closely, hid the probably guarded by one parent. In Manitoba, females lay 
female from view for a brief second or two as they from 200 ; me See wet ae naan transparent, 

: : é and so colourless as to be almost invisible under water. crowded against her sides and dorsal area. Following These hatch in 7-10 days at 16 C (60 F). The yolk sac is 
this, several males were seen to thrust their noses . : 
d di . hf A h of absorbed about 7 days later; the young then rise to the sur- 

ownward In an evident search for eggs. A search o face and inflate the posterior lobe of the gas bladder with 
the gravel disclosed a number of eggs. air. They then become pelagic, living in still shallow water 

Gravid females were collected 4 May from the To- at the river margin. After about 4 months they begin select- 
morrow-Waupaca River (Portage County) (Becker ing faster current, and gradually move into deeper water 
1962). A 103-mm fish held 181 ripe eggs 1.5 mm diam, (J.H. Gee, personal communication).
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M. Fish (1932) illustrated and described the 13.7-mm of algae found in the stomachs. Small amounts of al- 

stage. gae, fine roots, and other plant materials, as well as 
Longnose dace from Lake Michigan near Algoma fine sand and gravel, were found in over 62% of all 

(Kewaunee County), collected 19 September 1965, stomachs examined. These materials had been in- 

showed the following growth: gested for the most part along with the animal orga- 
nisms which formed the bulk of the minnow’s diet; 

TL Calculated TL at Annulus caddisfly cases, midgefly tubes, and old Physa shells 

ne Nevor (mm) (mm) constituted additional by-products. 
Class Fish Avg Range 1 2 3 4 The literature notes that annelid worms, crusta- 

Oo. 0 4,431 3553. °° ceans, mollusks, and fish eggs are taken occasionally 
} 14 74.9 65-80 53.8 by the longnose dace (Copes 1975, Dobie et al. 1956, 

tl . 108 ese ve fal 99.4 4 Dymorid 1726). : 
Iv 1 122.0 49.1 684 92.7 109.9 In central Wisconsin, I found that the longnose 

dace feeds lightly from December to March, and 
_Avatwelahted) RB 762 98:3 109.9 feeds heavily in April and May. The degree of feeding 

drops off slightly in June and continues at moderate 

Growth in Lake Superior is similar to that of Lake levels during the summer and early fall, with the 
Michigan. The calculated lengths at the annuli of heaviest intake occurring in November. I was able to 
longnose dace from Madeline Island (Ashland County) induce feeding in this species (Becker 1962:167-168): 

were: 1—54.3 mm, 2—73.7 mm, 3—86.5 mm, and As I walked across the stream in water six to eight inches 
4—100 mm (S. Gutreuter, pers. comm.). These fish, deep my boot would strip bare portions of the stones on 
taken 4-8 June 1968, showed the following growth: the bottom. Within a few seconds dozens or a hundred fish 
II—82 (77-89) mm, III—98 (95-100) mm, and I[V—113 would cluster about these disturbed areas. A rock that had 

(105-118) mm. been stripped would be approached by numbers of fish, 
The calculated total lengths at the annuli for a such that the bared area on the top surface was a milling 

Tomorrow-Waupaca River (Portage County) collec- mass. As the fish touched their noses to the cleaned surface 
tion were: 1—50.6 mm, 2—71.9 mm, and 386.7 mm they suddently set their tails into intense vibration with 

i nose and mouth in lateral vibration against the rock as if 
(S. Gutreuter, pers. comm.). These fish, taken 17 April shaking loose minute organisms which were still clinging 
1962, showed the following growth: I—52 (45-57) J, 

mm, II— 77 (68-90) mm, and III—87 (83-95) mm. The swarms of minnows on the cleaned surfaces lost in- 
In Minnesota, Kuehn (1949b) encountered long- terest within a minute or two, and the fish would then scat- 

nose dace that were 5 years old with a calculated total ter, some returning downstream. . . Some . . . would lin- 
length of 98-99 mm. In Massachusetts (Reed and ger and investigate the cleaned areas, but without the 
Moulton 1973), the calculated lengths in several col- aforementioned vibrations. 
lections at age 4 ranged from 97 to 106 mm, and at Infrequently . . . one or two . . . would strip the algae 

age 5, from 118 to 119 mm. Only females reach age V. from the upstream edge of the cleaned surface, removing it 
Maturity is reached at age II. In central Wisconsin, in small sheets by pushing with the nose, using the nose in 

the condition (K,,) of males and females on 25 April the manner of a chisel between the sheet of algae and the 

was 1.07. The highest value for females, 1.15, was TOCK 

recorded 9 May 1959 (Becker 1962). In nature the longnose dace was never seen feed- 

The largest longnose dace that have been reported ing at the surface; however, in the laboratory it will 

were “seven-inch adults” (178 mm) taken off Isle take food from the surface, and during feeding pe- 
Royale in Lake Superior (Hubbs and Lagler 1949). riods it will break the surface of the water with vio- 

In central Wisconsin, the longnose dace is pri- lent thrusts. 

marily a dipteran feeder (Becker 1962). Diptera con- Greene (1935) noted that, in the rugged country of 

stituted 81% of all animal organisms counted. Most higher altitudes where biological competition is not 
common were Tendipedidae, less common were Si- very keen, the longnose dace is commonly found in 
mulidae; and Tipulidae, Rhagionidae, Tabanidae, moderate current and even in lakes. It occurs in the 
Psychodidae, and Anthomyiidae appeared infre- Great Lakes where the currents along windswept 
quently. Nymphs of Ephemeroptera constituted al- shoals resemble surging, strong undercurrents of riv- 
most 10% of the total number of organisms taken, ers. This species is usually found in water currents of 
and caddisfly larvae (Trichoptera) made up almost over 0.5 m per second (Gee and Northcote 1963). 
9%. A few water mites appeared entangled in masses Although young longnose dace, which have well-
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developed swim bladders, are pelagic during the day, IMPORTANCE AND MANAGEMENT 
at night they move offshore to depths greater than Smallmouth bass, brown trout, and brook trout have 
0.3 m. (Gee and Northcote 1963). Adults at depths of preyed on the longose dace. I captured a mottled 
less than 0.3 m usually do not show such nocturnal sculpin, 59 mm TL, which had swallowed and par- 
movement. In adults, the swim bladder is poorly de- tially digested a 51-mm longnose dace; a few milli- 
veloped and occupies less than 7% of the dace’s total meters of the victim’s tail were still protruding from 
volume, enabling the fish to adapt to a bottom exis- the sculpin’s mouth. There may be a numerical cor- 
tence. relation between these species: stream segments 

The longnose dace is able to withstand rapid with large numbers of longnose dace have few mot- 
changes in environmental conditions. Water temper- tled sculpins, and where sculpins are abundant, 

atures which fluctuate widely in a matter of minutes longnose dace are present in reduced numbers. 
appear to have no harmful effects on a large central In Michigan (Lagler and Ostenson 1942), the long- 
Wisconsin population, nor do summer temperatures nose dace is the early spring food of the otter. 
up to 27.8°C (82°F) for short periods of time. During Because of its abundance and presence in special- 
the heat of summer, the longnose dace is absent from ized habitat, the longnose dace has been the subject 

the shores of Lake Erie and apparently moves into of several experiments. In Pennsylvania (Reed 1959), 
offshore waters (Trautman 1957). For short periods of an estimated 1,137 adults occurred over a 472-m 

time this species can endure both heavy turbidity, in (1,550-ft) experimental area. The density of this spe- 
which visibility is less than 15 cm (6 in), and low ox- cies was about 0.9 adult dace per square meter of rif- 
ygen levels. In laboratory experiments, given only 0.3 fle habitat. In Minnesota, the longnose dace has been 
ppm oxygen, the longnose dace rose to the surface, propagated at least once. It seems to do well in long, 
and, in vertical position (as if walking on its tail), narrow ponds supplied with a small amount of run- 
gulped air. ning water (Dobie et al. 1956). 

During the winter, the longnose dace becomes sed- I have attempted to establish a population of long- 
entary and inactive in relatively quiet and shallow nose dace in a sector of the Tomorrow River contain- 
pools, or in shallow, flat, sand- and gravel-bottomed ing large numbers of mottled sculpin and brook 
slicks adjacent to the typical summer habitat. These trout. Forty-four dace, taken from a population 21 km 
areas are several meters wide and 15-30 cm deep, (13 mi) downstream, were transplanted into a typical 
and may be covered with ice. Often the longnose dace riffle (Becker 1962). Failure may have been due 
dace is the only species of fish captured from such to predation, the limited numbers of dace stocked, 

habitat. or prolonged cool water temperature. Further inves- 
In southern Canada, Hallam (1959) observed that tigation should determine the dace’s environmental 

the longnose dace was more commonly associated needs and its relationships with associate fish spe- 
with the smallmouth bass and the mottled sculpin cies. 
than with the rock bass and brook trout. In central The longnose dace has been suggested as a pos- 
Wisconsin, the longnose dace shared its typical habi- sible biological control against nettlesome black flies 
tat with the hornyhead chub, common shiner (absent (Simulium) (Adams and Hankinson 1926). 
in winter), creek chub (absent in winter), northern The longnose dace can be kept alive for 2 years or 

hog sucker, mottled sculpin, largescale stoneroller, more in laboratory tanks where the water is kept cool. 
johnny darter, fantail darter, and banded darter. It is not highly excitable and is easily handled.
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Central Stoneroller Back and sides brown, dark olive, or gray, abruptly 
white ventrally. Scattered dark scales on sides. Fins 
clear, except dark crescents in dorsal and anal fins of 

Campostoma anomalum (Rafinesque). Campostoma— adults. Peritoneum black. 
curved mouth; anomalum—extraordinary. Breeding males dark slate with white belly; dorsal 

Other common names: stoneroller, Mississippi fin with orange wash basally and a prominent black 
stoneroller minnow, stone lugger, racehorse stripe medially; caudal and anal fins with basals of 

chub, steel-backed chub, rotgut minnow, orange; pelvic and pectoral fins dark pigmented and 

doughbelly, mammy, tallow-mouth minnow, suffused with yellow; lips a bright white. Breeding 

common stoneroller. tubercles on head, between nostrils and on most scales 
of body. It is the most ornately tubercled of all Wis- 
consin fishes. 
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Adult male (tuberculate) 145 mm, Zumbro R. (Dodge Co.), Min- aaa 
nesota, 18 Mar. 1974 9 A 

WV 

Dorsal and ventral views of head tubercle pattern in a full nuptial 
Adult female 117 mm, Zumbro R. (Dodge Co.), Minnesota, 18 male (Burr and Smith 1976:526) 
Mar. 1974 

Sexual dimorphism: Adult male with large pec- 
DESCRIPTION toral fins almost circular in shape; female with small 

Body generally slender, nearly round. Average length pectoral fins somewhat elongate and narrow. 
102 mm (4 in). Head length into SL 3.6—4.3. Snout Hybrids: Between the central stoneroller and the 
rounded, protruding slightly beyond mouth. Mouth common shiner (Trautman 1957), the southern red- 
ventral, lower jaw having a distinctive cartilaginous belly dace (Hubbs and Bailey 1952), the creek chub 
“cutting” edge not covered by skin (insert dissecting (Cross and Minckley 1960), the hornyhead chub, and 
needle into mouth and depress lower lip to see this); the pearl dace (Wis. Fish Distrib. Study). 
barbels absent; maxillary short, reaching to below 
nostril. Pharyngeal teeth 4-4, hooked slightly or not SYSTEMATIC NOTES 
at all. Eye into head length 3.5-5.8. Fins small, During the survey of the Wisconsin fish fauna in the 
rounded; dorsal fin originating over pelvic fin; dorsal late 1920s, it became apparent that two distinctive 

fin rays 8; anal fin rays 7; pectoral fin rays usually 15; Campostoma forms occur in the state (Hubbs and 
pelvic fin rays usually 8. Lateral line scales 49-55; Greene 1935). Hubbs and Greene determined that the 
lateral line complete. Scales around body (circumfer- central stoneroller (Campostoma anomalum pullum), a 
ential scales) 39-46; sum of two preceding counts 87- small-scale form, is the typical form known from 
102. Intestine long, in transverse loops completely southern Wisconsin, and they recognized as a new 
surrounding swim bladder. Chromosomes 2n = 50 subspecies the Wisconsin stoneroller minnow (Cam- 
(W. LeGrande, pers. comm.). postoma anomalum oligolepis), a large-scale form which
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is commonly distributed through the central and shed of northwestern Wisconsin, and in the Tomor- 
northern parts of the state. Soon the common name row River drainage of the Lake Michigan basin. It is 
of largescale stoneroller was applied to the new form absent from the Lake Superior basin. 
(Hubbs and Lagler 1947 and 1964). In 1968 and in The central stoneroller is abundant in small, swift- 
1971, Pflieger presented evidence that these subspe- flowing streams of southern Wisconsin and is occa- 
cies are in fact distinct species, thereby elevating the sionally taken in quiet pools. It was the most abun- 
largescale stoneroller, Campostoma oligolepis, to the rank dant species in smaller streams during a 1960-1963 
of a full species. survey in southwestern Wisconsin (Becker 1966); 

Difficulties exist in the identification of the central several hundred individuals were captured at each 

stoneroller and the closely related largescale stone- of a number of stations. 
roller, Campostoma oligolepis, both of which occur in The central stoneroller inhabits swift-flowing 
Wisconsin. The comparison shown in the table on the headwater streams, and it appears occasionally in 
following page provides characters for their separa- medium- to large-sized rivers. It is rarely found in 
tion. lakes, but it has been reported from Lake Winnebago 

(Greene 1935, Priegel 1967a) and Pewaukee Lake 

DISTRIBUTION, STATUS, AND HABITAT (McCutchin 1946). It was generally taken from riffle 
In Wisconsin, the central stoneroller occurs in the and pool sections of streams over the following bot- 
Mississippi River and Lake Michigan drainage ba- tom types: gravel (33% frequency), sand (17%), rub- 
sins. In the former, it is found primarily in the lower ble (15%), clay (10%), silt (10%), mud (8%), boulders 
Mississippi and Wisconsin rivers and in the upper (6%) and bedrock (1%). It occurred in waters that were 
Rock River drainages. Disjunct distribution centers clear to turbid at the following stream widths: 1.0- 
exist in the lower Chippewa and Red Cedar water- 3.0 m (26% frequency), 3.1-6.0 m (34%), 6.1-12.0 m
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Characters for Separation of the Central Stoneroller and Largescale Stoneroller (After Burr and Smith 1976:522) 

Characters Central Stoneroller Largescale Stoneroller 

Circumferential scales 39-46 (38-50) 31-36 (29-38) 
Lateral line scales 49-55 (47-58) 43-47 (41-48) 
Circumferential plus lateral line scales Usually 87-102 Usually 74-83 

Gill rakers 26-35 19-26 

Interorbital distance? into distance from back Usually less Equal to or greater 

of eye to upper end of gill opening 

Snout (from side or above) More pointed (does not extend beyond upper More globose, blunt (extends beyond upper 

lip, or extends only slightly) lip) 

Ventral view of mouth Circular, slightly wider than long (mouth Oval, decidedly wider than long (mouth less 

almost as wide as head) wide than head) 

Head width Narrow and strongly tapering Wide, weakly tapering 

Form of body Generally slender Generally robust 

1-3 tubercles along inner margin of nostrils in Present Generally absent (occasionally 1-2 present on 

breeding males one side) 
Black crescent in anal fin of breeding males Present Absent (sometimes incomplete faint marks) 

* Least width of skull between eyes. 

(20%), 12.1-24.0 m (14%), 24.1-50.0 m (5%), and more spawning beds, move out over the nests and dip down into 
than 50 m (2%). The stoneroller is best adapted to a pit from time to time. As soon as a female enters a pit, 
warm waters, but sometimes inhabits borderline trout all nearby males dart in beside her and attempt to press 

waters. against her. Since the spawning act is extremely brief, some 
During the winter, stonerollers may congregate males crowding into the nest probably do not fertilize eggs. 

under stones, leaves, or other bottom debris (Miller Wher a tule presses:her'side; the female deposits some 1964) eggs and darts away. The female is in the pit for a fraction 
. of a second to several seconds. The flurry of activity dur- 

BIOLOGY ng spawns — digging cover the eggs with 

Spawning occurs in southern Wisconsin from the end , 
of May to June and possibly into July. During the first O. R. Smith (1935) described nest building as a com- 

warm weather of spring, when water temperatures munity affair, with 2-5 males working at a small pit 
reach 14.4~23.9°C (58-75°F), schools of stonerollers in a clean area about 1 m (3 ft) long and 0.6 m (2 ft) 
begin ascending streams, jumping small dams when wide at water depths of 15-20 cm (6-8 in). Fighting 
necessary to reach the smallest headwaters. Miller between two males of equal size started with the two 
(1964:323-324) provided a summary of nest building fish side by side over a pit; one gave the other a quick 
and reproductive behavior: “body check” in the ribs with his “shoulder” above 

. . the pectoral fins, then the attacked fish, without giv- 
. . . First the males leave pools and deeper areas and begin : 

: 5g. niles ; ing any ground, returned the blow. These body checks to dig small pits in shallow areas. Digging may occur in ti Hi d lti bed 
slow water or in riffles, but usually results in well-defined Were sometunes exchanged several times before one 
pits only in the former situation. Males deepen the pits by of the contestants gave up. Males often chased each 
picking up stones in the mouth and ejecting them at the other with such abandon as to throw themselves out 

edge of the pit, by pushing the head down into the gravel on the shore. 
and writhing, thereby loosening smaller particles, some of Stonerollers prefer a nest with a deep pool or a bank 
which are carried downstream by the current, and by oc- overhang nearby as shelter in times of disturbance 
casionally pushing or lifting a stone with the head or body (Miller 1964), but they can modify their behavior 
until it is partially out of the pit. While nest building, large enough to spawn successfully in various stream con- 

dominant males vigorously drive away amnaer males ae ditions and over a wide temperature range. These 
o enter: thew diggings. Dominantimales,, however, rarely characteristics account in part for the stoneroller’s wide 
spend more than a few minutes at any one nest pit. They sped age : in « . 

: . ws : distribution and its success in ecologically diverse move constantly from pit to pit. Territorial defense is most t 
conspicuous when males defend a digging, though smaller, sysvems. . Loo. 
peripheral males show some aggression when companions While most spawning occurs in pits dug by male 
approach too closely. When many males are crowded into stonerollers, occasionally stonerollers parasitize the 

a small area territorial defense breaks down occasionally, nests of the river chub, hornyhead chub, and the creek 

and several fishes work in a nest for a few minutes. Fe- chub (Miller 1964). Sometimes common shiners and 
males, which generally school in deeper water near the creek chubs take over stoneroller nests. As soon as
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an intruder enters a stoneroller nest, the resident TL 
stoneroller leaves without opposing the intruder and No. of __ fam 
moves elsewhere to dig, or swims into a deeper pool Date Bien Avg __ Range 
and ceases activity. When stonerollers occasionally 11 July 5 34-31-36 

return to such nests, the shiners drive them away with : ue HH 2 ae 
frontal attacks. In most instances, stonerollers lose the 26 Aug. 6 46 39-51 
competition for preferred spawning sites to males of 16 Sept. 5 5421-65 
the common shiner, creek chub, and river chub. 

In Wisconsin, breeding central stonerollers are age 
II or II. Specimens examined from Crooked Creek Calculated TL at 
(Grant County) on 26 June had not yet spawned. An TL Annulus 
age-II female (103 mm TL) had ovaries 11.2% of total Age No.of mm om 
weight with 563 ripening amber-colored eggs 1.28 mm Class Fish Avg Range 1 2 3 
diam; a second generation of small, yellow-white eggs 0 6 55.8 45-66 
averaged 0.62 mm diam. Another female (92 mm TL) I a ies tat % a 966 

had ovaries 13.2% of body weight with 623 near-ripe tl 2 154.5 148-161 51.0 885 121.0 
eggs 1.3-1.5 mm diam. In the same collection some , 
large females examined had no maturing eggs, and _fvatweibied) 0 BBO UD 

in other individuals the ovaries were undeveloped. 

It appears that spawning in this small stream (which (Great Smoky Mountains National Park) the length 
is trout water in its upper reaches) may be delayed range of each age-group was: 0—56 mm, I—79-104 
until the end of June or the beginning of July. In a mm, II—117-132 mm, III—127-206 mm, IV—165-239 
collection taken from nearby Millville Creek on 23 mm, and V—173-226 mm (Lennon and Parker 1960). 

June, males were tuberculate, but the females were In the West Prong Little River (Great Smoky Moun- 

not yet ripe. tains National Park), none of the age-II stonerollers 
Males develop incipient tubercles in September or were mature, and, of the age-III fish, most males were 

October, and by early the following spring they are immature and most females were mature (Lennon and 
well armed. Parker 1960). All age-V fish of both sexes were ma- 

Reed (1958) noted that the mature egg is 2.0 mm ture. 
diam. When an egg is placed in water, the chorion is The largest fish in Wisconsin collections are tuber- 

released from the yolk and slowly fills with water to culate males; in the Platte River (Grant County) 
2.4 mm diam. The unfertilized egg is dull gray in ap- 135-161-mm males were age II and III. Priegel 
pearance, while the fertilized egg turns bright yellow (1967a) noted that this species reaches a length of 203 
and is adhesive. At 21.1°C (70°F), stoneroller larvae mm (8 in). Eddy and Underhill (1974) reported max- 
hatch out in 69-71 hr after fertilization; they are 5.7 imum sizes of 203-254 mm (8-10 in). In Great Smoky 

mm long at hatching. The 9.75-mm stage has been Mountains National Park (Lennon and Parker 1960), 
described by Fish (1932). the largest female was 188 mm (7.4 in), and the larg- 

The growth of young-of-year in southern Wiscon- est male was 287 mm (11.3 in). 

sin has been observed as shown in the table at the The stoneroller is adapted for removing attached 

top of the next column. growths (the microscopic algae known to most people 
Central stonerollers from the Platte River (Grant as brown slime or scum) from the rocks of stream bot- 

County) collected on 24 September 1966 showed toms. It has a special device on the lower jaw: a hard- 
the growth which follows in the second table, next ened, gristly, leading edge that is used to scrape sur- 
column. faces for food. The minute particles of food are 

The condition value (K,,) of yearling and age-II directed into the pharynx by numerous elongated gill 
central stonerollers taken 4 October 1975 from the rakers. Algae, diatoms, desmids, small amounts of 

Milwaukee River (Fond du Lac County) was 1.11. zooplankton, a few aquatic insects (tendipedids), 

In Roaring Springs Creek (southern Illinois) the and plant tissue are eaten, along with the sand and 

calculated total lengths (mm) at the annuli were: 1— clay which are probably taken along with the foods 
51 mm, 2—79 mm, and 3—99 mm (Gunning and (Hubbs and Cooper 1936, Cahn 1927, Kraatz 1923). A 
Lewis 1956). Age-group II was the most abundant, study of 20 specimens from the Oswego River system 
making up 65% of the stoneroller sample. In Big Creek (New York) showed food composition as follows:
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midge larvae (10%), diatoms (50%), algae (10%), and built 2 months earlier. They concluded that the 
sand and silt (30%) (Dobie et al. 1956). stoneroller competes with the rainbow trout for 

In the Yellowstone River (Lafayette County), the spawning beds before the trout eggs hatch, although 
following associate species were taken with 266 cen- the stoneroller spawns later than the trout. The lim- 
tral stonerollers: white sucker (45), hornyhead chub iting factor in rainbow trout spawning success ap- 
(1), creek chub (37), southern redbelly dace (8), pears to be severe competition between rainbow 

bluntnose minnow (67), common shiner (42), johnny trout and stonerollers for spawning grounds. It also 
darter (9), fantail darter (1), and bluegill (9). appears that trout populations in stoneroller areas 

can be improved only by stocking more trout, or by 
reducing the number of stonerollers. 

IMPORTANCE AND MANAGEMENT The stoneroller has been rated as an excellent bait 
Many stonerollers are eaten by herons and bitterns for bass, walleyes, and catfish. There are many ref- 
(Cahn 1927). At sites where smallmouth bass and erences in the literature to its hardiness and to its 

rockbass are common, stonerollers are relatively good qualities as a bait minnow, but I have found 
scarce; smallmouth bass appear to control the num- that, compared to other minnows from the same 
ber of stonerollers (Lennon and Parker 1960). water, it is delicate and will quickly succumb to 

In streams in the Great Smokies (Lennon and Par- crowding and high water temperatures in a hold- 
ker 1960), stoneroller populations ranged up to ing can. 
23,800 fish and 585 kg/ha. They constituted 21-62% In Wisconsin, where the stoneroller is small, it is 
of the weight of fish in six streams studied. Where seldom eaten. In parts of the East, particularly the 
stonerollers were removed, other fish increased in Great Smokies region, it is a prized food fish, and the 

average length and weight. These results indicate Tennessee Game and Fish Commission has reported 
that abundant populations can be reduced substan- that there are fishermen who throw back trout and 
tially by exploitation. There was little movement of keep stonerollers. 
stonerollers into the harvested sections from adjacent The stoneroller has been propagated in shallow 
upstream and downstream areas. ponds supplied with a slow-moving current. The 

Lennon and Parker (1960) noted that the nest first attempts were moderately successful (Dobie et 

building activities of stoneroller minnows soon oblit- al. 1956). Langlois (1941) reported that stoneroller 
erated all traces of rainbow trout nests that had been eggs can be artificially fertilized.
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Largescale Stoneroller NEN RSAIIM) 
Weer eps 

Campostoma oligolepis Hubbs and Greene. Campos- \ || 
toma—curved mouth; oligolepis—few scales. Be ee 

Other common name: Wisconsin  stoneroller \ y 
minnow. Fg A 

TF 
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Adult male (tuberculate) 151 mm, Eau Claire R. (Marathon Co.), Ce 
29 May 1961 Dorsal and ventral views of head tubercle pattern in a full nuptial 

male (Burr and Smith 1976:526) 

y Prominent dark spot on membranes of caudal fin im- 

wei inc ~ PY mediately behind lateral line. Peritoneum black. 
ABR: eA pec Rady eae eS Young, lighter pigmented; a pronounced lateral stripe 

ro eae i os eee eet about the width of pupil to width of eye. 
2 ~—=s = Breeding males with head brownish dorsally and 

laterally, light ventrally; pink spot on either side of 
snout immediately above lateral edge of upper lip; 

Adult female 122 mm, Eau Claire R. (Marathon Co.), 29 May 1961 iris reddish. Back almost black, lighter on sides and 
belly. Dorsal fin with heavy dark crescent; anal fin 
without such a mark, or with a similar mark disap- 

DESCRIPTION pearing toward the anterior edge. Pelvic fins, anal 
Body elongate, robust, nearly round. Average length fins, and ventral body scales with a reddish wash. 
102 mm (4 in). Head length into SL 3.9-4.2 (3.5-4.2). Breeding tubercles as in central stoneroller, except 
Snout globose, extending beyond upper lip. Mouth tubercles along inner margin of nostrils generally ab- 
ventral, lower jaw having a distinctive cartilaginous sent in largescale stoneroller (occasionally 1-2 pres- 
“cutting” edge (0.3 mm wide or wider) not covered ent on one side). 

by skin (insert dissecting needle into mouth and de- Difficulties exist in the identification of the large- 
press lower lip); barbels absent; maxillary short, scale stoneroller and the closely related central 

reaching to below nostril. Pharyngeal teeth 4—4, most stoneroller, Campostoma anomalum. See p. 478 for ad- 

slightly hooked. Fins small, rounded; dorsal fin orig- ditional characteristics by which the two species may 
inating over pelvic fin; dorsal fin rays 8; anal fin rays be separated. 
7 (8); pectoral fin rays 16 (13-17); pelvic fin rays 8 (9). 

Lateral line scales 43-47 (41-48); lateral line com- SYSTEMATIC NOTES 

plete. Scales around body 31-36 (29-38); sum of two During the survey of Wisconsin fish fauna in the late 

preceding counts 74-83 (70-86). Intestine long, 3.3- 1920s, it became apparent that two forms of stone- 

5.2 times TL, in transverse loops completely sur- roller (Campostoma) were appearing in the collections 
rounding swim bladder. (Hubbs and Greene 1935). One form, the central 

Back and sides dark olive or gray, abruptly whitish stoneroller (C. a. pullum), was the typical form of the 
ventrally. Scattered dark scales on sides. Fins clear, Great Lakes region, and was taken largely in south- 
except dark crescent in the dorsal fin of adults (occa- ern Wisconsin; the other, the largescale stoneroller, 
sionally some pigmentation in middle of anal fin). was recognized as a new subspecies, Campostoma an-
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|_cempostoms otgoene ae at en ce & Greene (ie) 
omalum oligolepis, common throughout central and velopmental stages in such a way as to produce a 
northern Wisconsin, although absent from the Lake structurally different fish. 
Superior drainage. At that time the largescale stone- Hubbs and Lagler (1964) noted that oligolepis was 
roller was known only from Wisconsin, which ac- probably a distinct species. Pflieger (1968) elevated 
counts for the common name “Wisconsin stoneroller oligolepis to specific rank, and presented a detailed ra- 
minnow” (Greene 1935). tionale for this action (Pflieger 1971). According to 

The type specimen of the largescale stoneroller Burr and Smith (1976), no intermediates of oligolepis 
(UMMZ 75582), a breeding male 92 mm SL, was col- and anomalum have been found where they are sym- 
lected by Greene and Stuart in Little Rib River 4 km patric. 
(2.5 mi) east of Hamburg (Marathon County), Wis- In Wisconsin, sympatric populations are known 
consin, on 19 June 1927 (Hubbs and Greene 1935). from the following locales: Ebert Lake Creek T23N 
Numerous paratypes were deposited in the Univer- R1OE Sec 20, and Tomorrow River T23N R10E Secs 27 
sity of Michigan Museum and at the University of and 28 (Portage County); Middle Branch of the Peca- 

Wisconsin—Madison. tonica River T5N R2E Sec 29, Mineral Point Branch 
Hubbs and Greene commented that where the two TAN R2E Sec 10, and T5N R2E Sec 36; Dodge Branch 

Campostoma occurred together there were no inter- T5N RSE Sec 30; Ames Branch T2N R3E Sec 11 (La- 
grades, although Nybakken (1961) reported a few in- fayette County); Sinsinawa River TIN R1W Sec 27 
tergrades in a later study. Bailey (1956) suggested (Grant County); and Sugar River T5N R8E Sec 33 
that, although the two may be different species, it (Dane County). 
was also possible that oligolepis was an environmen- Greene (1935) suggested that the largescale stone- 
tally produced variant found in regions where springs roller originated in the driftless area of southwestern 
of relatively uniform temperature affected early de- Wisconsin. Burr and Smith (1976) did not accept
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Greene’s hypothesis, and assumed that the large- In five female largescale stonerollers collected 29 
scale stoneroller became differentiated from the cen- May (Marathon County), the ovarian weight was 8.2-— 
tral stoneroller in the Ozark region during a glacial 14.7% of the total weight. In only one female were a 
maximum, most likely the Illinoian. Following the few eggs almost ripe; in all others the eggs were un- 

retreat of the last (Wisconsin) glaciation, both the developed. Egg color is yellow-amber. An age-II fe- 
central stoneroller and largescale stoneroller dis- male, 111 mm and 14.74 g, held 1,510 eggs 1.4 mm 

persed northward, and occupied streams in the re- diam in ovaries 2.31 g in weight. 
cently glaciated landscape. Human modification has Eggs of the largescale stoneroller have been stripped, 
since resulted in a deterioration of optimal habitat for artificially fertilized, and hatched in the laboratory; 
the largescale stoneroller, and enabled the central the offspring have been reared in ponds (Pflieger 
stoneroller, which is less rigid in its ecological re- 1971). 
quirements, to supplant the largescale stoneroller in In Wisconsin growth of the young is rapid: 
many areas. This has resulted in a disjunct range for 
the largescale stoneroller. TL 

No. of __ inn) 

DISTRIBUTION, STATUS, AND HABITAT Date Fish Avg Range Location 
In Wisconsin, the largescale stoneroller occurs in the 11 July 7 30 25-41 Wolf R. (Langlade Co.) 
Mississippi River and the Lake Michigan drainage 14 July 11 8931244; “Wolf R. (Menominee Co-) 
basins. It is not known from the Lake Superior basin Bi s 38 fanaa “Wolr Ri angi se eo. : 7Sept. 32. 47-41-58 ~~ New Wood R. (Lincoln Co.) 
Its distribution is principally in the northern half of 9Sept. 11 50 44-54 — Embarrass R. (Shawano Co.) 
the state and in the southeastern corner. 27 Sept. 86 59 40-85 Eau Claire R. (Marathon Co.) 

The largescale stoneroller is abundant in medium- (SSept : 22 ares Bleek Clee i 1 Oct. 19 62 54-69 South Fork Flambeau R. (Price Co.) 

sized, swift-flowing streams of central and northern 4 Oct. 41 58 43-63 Hay R. (Dunn Co.) 
Wisconsin. Frequently it was the most abundant fish 
encountered at a collection site. It is absent from a In Missouri, fry of the largescale stoneroller placed 

number of streams in the Lake Michigan drainage by themselves in a small, unfertilized pond in mid- 

from Washington to Kenosha counties where it was May averaged 114 mm (4.5 in) by October (Pflieger 

commonly distributed 50 years ago (Greene 1935), 1975). Pflieger noted that this is far more rapid 

which suggests that it has been unable to cope with growth than is normally achieved in streams. 

alterations of the stream bed and/or water quality Largescale stonerollers from the Eau Claire River 

brought about by man’s activities. (Marathon County) collected on 29 May 1961 showed 

The largescale stoneroller occurs primarily in pools the following growth: 

associated with riffles in medium- to large-sized 
streams; it is seldom found in small streams. It has Calculated TL at 

been taken over the following bottom types: boul- Pace Ae 
ders (23% frequency), sand (23%), gravel (20%), silt Age No. of —_$§_ ——_ 

(12%), rubble (12%), mud (9%), and clay (2%). It is Class Fish Avg Range tS 
essentially a fish of clear water, and occurred in 1 x ee SF ws 
streams of the following widths: 1.0-3.0 m (5%), 3.1- rm 4 1263 104-154 578 978 1263 

6.0 m (8%), 6.1-12.0 m (13%), 12.1-24.0 m (34%), 24.1- 
50.0 m (29%), and more than 50 m (11%). _Avg(weighted) BT OTT 1263 

®The annulus for the year of capture had not been deposited; length 

BIOLOGY at time of capture is given. The annulus is deposited from the end of 

© . < May to the beginning of June. 

In central and northern Wisconsin spawning occurs 
in June. Pflieger (1975), who observed spawning in From the same river another sample had a calcu- 

Missouri, noted that the breeding habits resembled lated growth at the annulus as follows: 1—62 mm, 

those of the central stoneroller. Perhaps where the 2—106 mm (W. McKee, pers. comm.). The average 

two species occur together in southern Wisconsin, condition (K,,) on 27 September 1975 for 56 individ- 

ecological isolation is maintained throughout the uals 76-155 mm long was 1.04. 

breeding season, allowing the largescale stoneroller The largescale stoneroller lives in large schools near 

to utilize the fast, deep, rocky riffles, and the central the bottom at depths of 0.3-1.0 m, and feeds primar- 

stoneroller to utilize the quieter, shallow, headwater ily on algae scraped from submerged objects. Diges- 

situations (Burr and Smith 1976). tive tracts of largescale stonerollers from the Eau Claire
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River (Marathon County) contained large quantities (Lincoln County): white sucker (4), rainbow darter 

of algae and diatoms, some fine gravel and debris, (2), pumpkinseed (11), smallmouth bass (1), horny- 
and small tendipedid larvae (the last undoubtedly head chub (1), common shiner (85), logperch (2), fat- 

dwelling within the algae and taken with the plant head minnow (2), longnose dace (1), creek chub (35), 
material). and northern hog sucker (2). 

An anchor-worm (Lernaea sp.) parasite was at- 
tached to a 55-mm largescale stoneroller taken from 
the Embarrass River (Shawano County). Serious in- IMPORTANCE AND MANAGEMENT 

festations of black grub (Neascus sp.) occur in some The largescale stoneroller is particularly valuable be- 
populations and numerous white grubs (Posthodi- cause it is a primary consumer which feeds on basic 
plostomum sp.) have been noted on the gut in some plant foods and converts them into animal protein. 
individuals. Undoubtedly, the largescale stoneroller is used by 

The following associate species were collected with other fishes, by birds, and by mammals as a ready 

27 largescale stonerollers in the New Wood River source of protein food.
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Hornyhead Chub most prevalent on young. Young with a reddish cau- 
dal fin. Peritoneum brownish to dusky. 

Breeding males with approximately 60-100 con- 
Nocomis biguttatus (Kirtland). Nocomis—an Indian spicuous tubercles on upper part of head, some tu- 

name, applied by Girard to a group of fishes; bercles with heavy “spines” pointing anteriorly. First 
biguttatus—two-spotted. 4 pectoral rays with peglike tubercles in single row at 

Other common names: hornyhead, horned chub, base of fin ray, doubling toward the tip. A prominent 
river chub, jerker, Indian chub, redtail chub, reddish “ear spot,” and orange on dorsal and anal 

chub. fins. Lachner (1952) described an intense black hori- 

zontal stripe on midside of body, and a light mid- 
dorsal stripe about as wide as a scale prominent dur- 
ing breeding period only. Faint “tubercle spots” may 

UZ appear on the heads of breeding females. 
— ms A Sexual dimorphism: In mature male, pectoral fin 

ay Ay Ee oe ‘ large; the distance from the end of the pectoral fin to 
he Loree —— the origin of the pelvic fin about 0.5 the pectoral fin 
a, 5 length. In female, pectoral fin short; the distance 

ol from the end of the pectoral fin to the origin of the 
pelvic fin 0.7-1.0 the pectoral fin length. In male, pec- 

Adult male (tuberculate) 139 mm, Wolf R. (Forest Co.), 4 July toral fin almost circular m ventral view; in female, 
1966 narrow and elliptical in ventral view. 

Hybrids: Hornyhead chub x _ striped shiner, 
hornyhead chub x common shiner, hornyhead chub 
x Ozark minnow (Schwartz 1972); hornyhead chub 
x common shiner from Walworth, Waukesha, Co- 

2 lumbia, and Washington counties (Wis. Fish Distrib. 

PrN sy Study 1974-1975). 
re . eas WYO = 

a x = SYSTEMATIC NOTES 
natin ‘ Formerly known as Hybopsis kentuckiensis (Forbes and 

Richardson 1920) and Hybopsis biguttatus (Bailey 1951, 
aa Johnson and Becker 1970). Until recently Nocomis 

ult female: 143 mm, Wolf R.(Forest Co.),.4july 1986 (Girard) has been included as a subgenus in the 
polymorphic genus Hybopsis Agassiz. Nocomis is di- 
agnosed and recognized as a genus primarily on the 

DESCRIPTION basis of sexual dimorphic features, its mound-nest 
Body robust, almost round. Average length 89 mm building behavior, general coloration, physiognomy, 
(3.5 in). TL = 1.20 SL. Depth into TL 4.1-5.1. Head scale radii, and vertebral numbers (Jenkins and Lach- 
length into TL 4.1-4.6. Snout bluntly rounded. ner 1971). Nocomis and Couesius are more closely re- 
Mouth large and slightly oblique, reaching to below lated to the genus Semotilus Rafinesque than to any 
front of eye; barbel present in corner of mouth group remaining in Hybopsis. 
groove. Pharyngeal teeth usually 1,4—4,1 (occasion- 

ally 4-4), broad at base and strongly hooked at tip; DISTRIBUTION, STATUS, AND HABITAT 

arch stout. Eye into head length 3-5. Gill rakers short The hornyhead chub occurs in all three drainage ba- 
and conical, about 9. Dorsal fin usually originating sins in Wisconsin, and is generally distributed in all 
over pelvic fin origin, sometimes slightly behind; parts of the state except the unglaciated southwest 
dorsal fin rays 8; anal fin rays 7; pectoral fin rays quarter. Since Greene (1935) made his studies in the 
14-17; pelvic fin rays 8. Lateral line scales 38-48; lat- late 1920s, this minnow appears to have spread into 
eral line complete. Digestive tract (from end of phar- waters of the lower Wisconsin River and its tribu- 
ynx to anus) a single S-shaped duct about 0.9 TL. taries. 
Chromosomes 2n = 50 (W. LeGrande, pers. comm.). The hornyhead chub appears to be decreasing over 

Back olive brown, sides silvery, belly white. Lateral its general range. Intensive land cultivation with at- 

stripes inconspicuous on living specimens, distinct tendant increases in the siltation and intermittent 
on most preserved fish. A large, diffuse caudal spot, flow of streams may be important factors in its de-
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clining abundance in parts of Missouri (Pflieger sand (20%), rubble (12%), boulders (13%), silt (12%), 
1975). Although at one time it was widespread in mud (9%), clay (2%), detritus (2%), bedrock (2%), 
Ohio and was widely used there for food and bait, by and marl (1%). It occurred in streams of varying 
1950 it existed there only in widely scattered relict widths: 1.0-3.0 m (17% frequency), 3.1-6.0 m (24%), 
populations (Trautman 1957). In Canada, it is prob- 6.1-12.0 m (18%), 12.1-24.0 m (26%), 24.1-50.0 m 
ably much less common now than formerly (Scott (11%), and more than 50 m (5%). It was rarely en- 
and Crossman 1973). countered in softwater lakes of central and northern 

The hornyhead chub is common in clearwater, me- Wisconsin. 
dium-sized streams of northern and central Wiscon- The hornyhead chub inhabits riffles and the pools 
sin. In a central Wisconsin study, it constituted 6.6% between riffles. Larger chubs will often seek shelter 
of the total number of minnows collected (Becker under slab rocks. In northeastern Wisconsin, the 

1959). It is uncommon in the southwestern quarter of water color of streams where it has been captured 
the state, except in the southern tier of counties, was generally light brown; fewer fish were taken 
where it is common. Cahn (1927) noted that it was from dark brown streams. In its habitat the vegeta- 

formerly abundant in the Oconomowoc River, but tion is sparse to dense. 
that its numbers there have become greatly reduced. 

In Wisconsin, the hornyhead chub was encoun- BIOLOGY 
tered most frequently in clear water; its numbers de- In Wisconsin, the hornyhead chub spawns from May 
crease as turbidity increases. It was essentially a shal- through July. Several nests were seen on 22 July 1958 
low water fish, most common at depths of 0.6-1.5 m, in the Little Wolf River (Waupaca County), from 
and less common at depths of 0.1-0.5 m; it was which both males and females in breeding condition 
found over substrates of gravel (27% frequency), were collected. Nests of this species were also seen
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on 23 June 1966 at the Pine River outlet of Butternut approaching the nest is driven away. In this commensalistic 
Lake (Forest County); one nest was in a narrows of association, the function of the male Common Shiner is re- 
the lake itself where a current was established. The stricted to the protection of the nest, while the male Horny- 

Pine River nests were at water depths of 0.3 and 1.0 head functions both as a transporter of pebbles and as a 
m (1 and 3 ft), and were 457 mm (18 in) diam and 76 guardian of the nest. The Common Shiner is most active in 
mm (3 in) high. They Weed Consteicted’ of-cleaned driving off small intruders such as shiners, while the Chub 

1 13-25 mm diam. Two females (25.2 and 23.9 brings his sharp horns into use in driving off larger egg- 
grave! : . ~ marauders, such as the Hog Molly (northern hog sucker). 

8), collected from the Pine River sites, had ovaries Each species is benefitted by the part played by the male of 

11.9 and 8.8% of total body weight. the other species in protecting or constructing the nest. 
In two prespawning females (130 and 124 mm TL), . . . . 

taken 17 June 1966 from the Pike River (Marinette Other species associated with the common shiner 
County), the ovaries were 10.3 and 11.6% of the body over hornyhead chub nests, either to spawn or to 
weight, and contained 995 and 952 maturing eggs re- search for eggs as food, are the bluntnose minnow, 
spectively. These eggs were 1.3-2.0 mm diam; a rainbow darter, and johnny darter. 
small number of white, immature eggs 0.3-1.0 mm Hankinson (1932) described an instance when a hog 
diam were also present. sucker about 381 mm (15 in) long crept slowly up on 

Spawning occurs at water temperatures of 18.3°C a chub nest; its protective markings seemed to con- 
(65°F) or warmer (Hankinson 1932). Hubbs and ceal it from the guarding fish for a time, but sud- 

Cooper (1936:44—45) provided the following descrip- denly it was noticed by the male hornyhead, which 
tion of nest building and spawning: was carrying stones. The hornyhead immediately gave 

. — , the sucker a blow on the side of the head with his 
ject, : a. rere in the em bottom is) either ei tubercle-roughened snout of sufficient force to send 
ected for the site of the nest or suctu.a cavity is constracte the sucker several centimeters over to one side. A few 
either by sweeping or carrying material away from the area 
by the breeding fish. Carrying of pebbles onto the nest is TORE blows started the sucker On alt Upstream re- 
done entirely by the male. Short periods of carrying peb- treat, with the hornyhead following for four On More 

bles are alternated with short breeding acts. In the final meters. The encounter showed the effectiveness of 
nest, consequently, the eggs are thoroughly scattered the nuptial tubercles as organs of offense. The 
through the pile of pebbles. In this way the eggs are not hornyhead was probably not a quarter of the size of 
only shielded from most egg predators, but are also kept in the sucker. 

a slight current and free from silt. Each nest is occupied by Female hornyheads generally produce fewer than 

a single male Horny-head, who probably spawns with sev- 1,000 eggs each. Lachner (1952) found from 460 to 
eral females. The pile of gravel comprising the nest varies 725 eggs in four females 80-89 mm SL. The devel- 
considerably in size, from approximately 1 ft. x 2 ft. in opment of the embryo has not been studied. In Wis- 

diameter * 2 invdeep toOitty* 9 ft: keen: consin, young-of-year have not been collected before 
In nest building the male carries the stones in his September. On 4 October, seven were taken from the 
mouth, or rolls or pushes them with lips and snout. Milwaukee River (Fond du Lac County) which were 
The nest increases in size with successive spawnings. 48.9 mm (40-61 mm) TL. In Ohio, young-of-year 
A.H. Carter (see Scott and Crossman 1973) believed were 25-76 mm (1-3 in) long in October (Trautman 
that as many as 10 females spawned in one nest un- 1957). According to Pflieger (1975), the young fre- 
der observation. The total egg complement is not de- quent areas without current, and are often found in 
posited in one nest at one time, since at each spawn- association with higher aquatic plants. 
ing an individual female deposits only eggs which Hornyhead chubs from the Plover River (Portage 
are ripe. The eggs attach to gravel or to plant roots. County), collected 2 October 1968, showed the fol- 

The nest piles of the hornyhead chub are used as lowing growth: 
spawning sites by other stream fishes, including the 
blacknose dace, stoneroller minnow, common shiner, careulseaTLae 

rosyface shiner, southern redbelly dace, and the TL Annulus 

blackside darter. The relationship of the hornyhead Age No.of (mm) (mm) 

chub to the common shiner on the chub’s nest is most Class Fish Avg Range 1 2 3 
unique; it has been described by Hubbs and Cooper Oo 5 956 947 | 
(1936:45): | 4 65.5 48-90 43.2 

" 20 979 75-114 42.4 65.6 
. .. One male of each species often occupies the nest si- MW 3 125.7 120-130 40.0 63.9 96.2 
multaneously (Hankinson 1920), neither paying any atten- Asia wistantna 188 BEA. 16RD 
tion to the presence of the other. However, any other fish tive twelehted) 0 SS
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In central Wisconsin, this species grows slowly Species collected with 140 hornyhead chubs from 
during the first year. An individual collected on 27 the Platte River (Grant County) included white sucker 
January 1959 from the Tomorrow River (Portage (47), central stoneroller (17), longnose dace (8), creek 

County) was only 39 mm TL, and age-II hornyheads chub (1), bluntnose minnow (61), suckermouth min- 
taken 2 March 1959 were 66 and 85 mm TL. In On- now (3), common shiner (88), rosyface shiner (25), 

tario waters (Scott and Crossman 1973), the size range sand shiner (1), Ozark minnow (20), stonecat (3), 
(SL) from young-of-year to age-IV chubs was age 0— johnny darter (7), fantail darter (21), smallmouth 
24-36 mm, age I—44-58 mm, age II—64-—83 mm, age bass (11), green sunfish (2), and bluegill (6). Species 
I1I—86-100 mm, and age IV—131 mm. collected from the Eau Claire River (Marathon County) 

The annulus is generally deposited in May, but ap- with 67 hornyhead chub included shorthead red- 
pears earlier in younger fish. Males grow to a larger horse (16), northern hog sucker (4), white sucker 

size than females of the same age-group. In a collec- (38), largescale stoneroller (397), longnose dace (5), 

tion from the Pike River (Marinette County), mature creek chub (30), bluntnose minnow (3), common 
males were 129-167 mm TL, and gravid females were shiner (244), rosyface shiner (39), mimic shiner (22), 
94-130 mm TL. According to Lachner (1952), the bigmouth shiner (50), blackside darter (1), logperch 
growth increment is somewhat greater during June (2), and fantail darter (1). 
and July than in August and September. Maturity is 
reached at age II in fast-growing fish, and at age III IMPORTANCE AND MANAGEMENT 
in others. This species rarely exceeds 4 years of age. Little is known about predators of the hornyhead 

The largest known Wisconsin hornyhead chub chub, although Scott and Crossman (1973) assumed 

(UWSP 5155) is an age-IV male 225 mm TL and 140.9 that they fall prey to rock bass and smallmouth bass. 
g, collected from Sunset Lake (Portage County) on 11 In a laboratory experiment in which common shin- 
July 1975. Its estimated lengths at annuli are 1—71 ers, white suckers, and hornyhead chubs were ex- 
mm, 2—128 mm, 3—189 mm, and 4—209 mm. Traut- posed to predation of smallmouth bass, 21% of the 
man (1957) reported a hornyhead chub 236 mm (9.3 hornyhead chubs were eaten during the time of ex- 
in) long which weighed 170 g (6 oz). The largest posure (Paragamian 1976b). Paragamian found nei- 
hornyheads are almost invariably males, as is com- ther white suckers nor hornyhead chubs in the stom- 
mon in all species of minnows in which males build achs of smallmouth bass electrofished from the 
nests and guard eggs. Plover River (Portage County), a natural stream, al- 

The hornyhead chub feeds mostly by sight. The though common shiners, white suckers, and horny- 
barbels have few tastebuds (Davis and Miller 1967). head chubs were present in equal numbers. 
The food of young-of-year taken in July from Sandy The hornyhead chub is an excellent bait fish, hardy 
Creek, New York, was Ostracoda (36.1% of volume), on the hook or in storage tanks. In Iowa, it is one of 
Cladocera (8.6%), Gastropoda (13.8%), Ephemerop- the most sought after baits for bass and catfish, and 
tera (8.6%), Trichoptera (5.9%), Chironomus larvae is used extensively for walleye fishing (Harlan and 
(10.7%), insect remains (6.2%), and filamentous al- Speaker 1956). Because of its large size, it is said to 
gae (9.8%) (Lachner 1950). The food of adults con- make an excellent bait fish for northern pike. In 

sisted of vascular plant remains (44.5%), filamentous southeastern Wisconsin (Cahn 1927), thousands of 
algae (11.1%), crayfish (32.2%), Coleoptera larvae hornyhead chub have been captured yearly for use 
(8.9%), and Trichoptera (3.3%). as casting minnows, and “two guides. . . have taken 

In summary, the food of hornyhead chubs in- not less than 600 of these chubs a week for five 
cludes both plant and animal tissues. In Canada, the months a year for more than forty years, from the 
young eat cladocerans and aquatic insect larvae; older Ashippun river, and still the fish are abundant.” 
fish eat crayfish, snails, annelids, aquatic insect lar- Hornyhead chubs bite readily on hook and line— 
vae, and fish (Scott and Crossman 1973). Snails be- the method by which they formerly were captured 
come quite important in the diet of age-I and older for bait. I have caught them on dry flies and eaten 
fish. Although filamentous algae, seeds of grasses, them fried. They are tasty, although the flesh of hor- 
and the remains of other plants have been recorded nyheads caught in late summer tends to be on the 
in hornyhead chub stomachs, these are probably of soft side. I have spoken with others who have eaten 
little value as food (Hubbs and Cooper 1936). The them a number of times, and who find them quite 
rather short digestive tract of this chub makes proper acceptable. Because they are easily taken on worms 
digestion and absorption of vegetative matter highly and dry flies, they provide fishing action when game 
unlikely. fishing is slow.
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Gravel Chub l. 

Hybopsis x-punctata Hubbs and Crowe, Hybopsis—gib- j ) ‘ 

bous face; x-punctata—x-dotted. EV YAA TY 
Other common name: spotted chub. ae eh 

Male 71 mm, Rock R., Beloit (Rock Co.), 27 Sept. 1970 

DESCRIPTION 
Body slender, almost round—only slightly com- 
pressed. Average length 76 mm (3 in). TL = 1.25 SL. ; , - 
Depth into TL 5.9-6.8. Head length into TL 4.7-5.0. Ventral view of the alimentary tract of the gravel chub with ven- 

Snout rounded and long, overhanging mouth. Mouth tral body wall and viscera removed 
horizontal, ventral, small, reaching below posterior 
nostril; a slender, small but conspicuous barbel near Minnesota by Eddy and Surber (1947). It was re- 
the end of the maxillary. Pharyngeal teeth 4-4, slen- ported as Hybopsis dissimilis (Kirtland) from Illinois by 
der (upper teeth sometimes bent posteriorly), and Forbes and Richardson (1920). Hubbs and Crowe 

strongly hooked at tip. Eye large, into head length (1956) described a new species, Hybopsis x-punctata, 
3.0-3.3. Gill rakers short, conical, about 9. Dorsal fin and assigned it to the populations in these states. Two 

slightly falcate, distinctly in advance of pelvic fin ori- subspecies are recognized: H. x-punctata x-punctata 
gin; dorsal fin rays 8; anal fin rays 7; pectoral fin rays from the Mississippi River and its northern tribu- 
13-16; pelvic fin rays 8. Lateral line scales 40-43; lat- taries, and H. x-punctata trautmani from the Ohio 
eral line complete. Digestive tract with several loops, River basin of Illinois. 
longer than TL. 

Olive green dorsally, silvery on sides, and silvery DISTRIBUTION, STATUS, AND HABITAT 
white on belly. Scale margins randomly outlined in In Wisconsin, the gravel chub is known only from the 
black on sides, resulting in X- or Y-shaped marks. A lower Rock River drainage of the Mississippi River 
small, black spot often present at base of tail fin. Peri- drainage basin, including the lower Pecatonica River, 
toneum black. the lower Sugar River, the main channel of the Rock 

Breeding male with tubercles very small, even River, and lower Turtle Creek. Greene (1935) col- 
minute, on head and branchiostegals, and some- lected it only once from the Sugar River at Brodhead 
times on most scales on anterior part of body. Pec- (Green County). 
toral fins bearing conical tubercles, larger than those Specimens recorded in the 1970s include (number): 
on body, in single file on basal part and distal branches UWSP 3688 (2) Rock River TIN R12E Sec 35 (Rock 
of rays 2-9; other fins lacking tubercles (Cross 1967). County) 1970; UWSP 4712 (2) Sugar River TIN R10E 

Hybrids: Gravel chub x streamline chub (Traut- Sec 17 (Rock County) 1974. The Wisconsin Fish Dis- 

man 1957). tribution Study reported: seven collections (1-42) from 

Turtle Creek TIN R12E Sec 36 to TIN R13E Sec 3 (Rock 

SYSTEMATIC NOTES County) 1975-1977; two collections (3-14) from Rock 

This species was long treated with Erimystax dissimi- River TIN R12E Sec 35 (Rock County) 1976; nine col- 
lis (Kirtland), and was so reported from southern lections (1-26) from Sugar River TIN R10E Sec 17 to 
Wisconsin by Greene (1935), and from southeastern T2N RYE Sec 23 (Rock and Green counties) 1974; three
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collections (1-2) from Pecatonica River TIN R6E Sec ing population of this minnow in the state, has been 
6 to T2N R4E Sec 17 (Green and Lafayette counties) proposed as the site of a reservoir for flood control by 
1976. the U.S. Army Corps of Engineers. 

Over its general range, there is some pessimism for This species is usually found in medium- to large- 
the gravel chub’s future. In Ohio, it disappeared from sized rivers in deep, swift water over a pea-gravel 
many riffles and bars immediately after the sand and bottom. The following description of the Sugar River 
gravel of stream bottoms became heavily covered site (TZN R9E Sec 23, Green County) was provided 
with silt (Trautman 1957). In Minnesota, Phillips and by D. Becker (pers. comm.): 

Underhill (1967) noted its Preserice in the Root and West channel above Hwy F west of Brodhead, 100 yds 
lowa rivers, but stated also that it is rare and may be above bridge, a swift-flowing gravel riffle 1-3 ft deep, 
dwindling. In Iowa (Roosa 1977), it is threatened. gravel 1-2.5 inches in diameter, bottom clear of vegetation, 
P.W. Smith (1965) stated that in Illinois it is occasional water turbid. The entire area suitable for gravel chub ap- 
in the Rock River and its tributaries, and sporadic in prox. 150-200 ft long—30 to 40 ft wide. 3 specimens col- 
the Wabash and lower Mississippi rivers. lected with boom shocker on Aug 1, 1974—Fago and Prie- 

In Wisconsin, the gravel chub has endangered sta- gel. 11 specimens collected with seine on Aug 5, 1974, from 

tus (Les 1979). It seems especially susceptible to tur- same area—5 returned. —Fago, Siegler, Becker. 
bidity and siltation which are increasing in its re- The habitat requirements of the gravel chub are so 
maining Wisconsin range as agricultural use of the strict that populations are isolated and confined to 
land increases. In addition, there is the ever-present special riffle areas with special bottom types. In 
threat of impoundment of the few remaining riffle northern Illinois, the gravel chub has been taken 
areas which are essential to its survival. Turtle Creek chiefly in swift water flowing over sand (Forbes and 
(Rock County), which has perhaps the best remain- Richardson 1920). In the Ozarks (Pflieger 1971), it
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tends to be most abundant in the downstream sec- an estimated 34.7 mm long at the first annulus. A 
tions of the larger streams, where the gradient is less, young-of-year from the same collection (UWSP 4712) 
and where the water is warmer and less clear than in was 40 mm TL. 
the headwaters. Trautman (1957) noted that in Ohio In Ohio, young-of-year in October are 28-61 mm 
the gravel chub was present in the largest numbers (1.1-2.4 in) long; at 1 year, 43-71 mm (1.7-2.8 in) long 
in the slower flowing, deeper waters where silt was (Trautman 1957). Breeding adults are usually 64-97 

lacking. In northeastern Oklahoma, it resides among mm (2.5-3.8 in); the largest specimen recorded was 
or under rubble in relatively deep riffles in fast-mov- 99 mm (3.9 in) long. 
ing water (B. Davis, pers. comm.). The digestive tract of a Meramec River, Missouri, 

gravel chub contained an abundance of desmids and 
BIOLOGY diatoms of many species, as well as plant debris and 

The spawning time of the gravel chub in Wisconsin sand grains. No animal matter was present. 
is not known. In Missouri (Pflieger 1975), it spawns The gravel chub probably feeds by probing under 
on swift, gravelly riffles in the early spring. In Kansas rocks and in crevices with its sensitive snout (Davis 
(Cross 1967), spawning gravel chubs were taken on 9 and Miller 1967). The taste buds on the barbels are 
April when the water temperature was 15.6°C (60°F); usually large, sometimes attaining a length of 100 
adults that freely extruded eggs or milt were concen- microns; they project downward at oblique angles to 
trated in water 0.6—0.9 m (2-3 ft) deep adjacent to a give a branched appearance. 
gravel bar where the current was swiftest. It is pre- The curved dorsal surface and the pectoral fin 
sumed that spawning is limited to a brief period in serve to keep the gravel chub on or near the bottom 
early spring. In Illinois, males with well-developed of fast water whenever it leaves sheltered areas. 
gonads, but without tubercles, were taken in the Moore and Paden (1950) suggested that the specific 
middle of June (Forbes and Richardson 1920). microhabitat of the gravel chub may be beneath rocks 

The growth of gravel chubs (UWSP 1598) taken in the riffle areas, where the effects of swift water 
10-13 October 1948 from Missouri (Louis County) would be reduced. When disturbed, the chub has 
was recorded as follows: been observed to dart swiftly away to hide under 

rocks; the retreat chosen was often too small to ac- 
TL eee commodate the entire body, but as soon as the head 

Age a (mm) (mm) was hidden the fish became motionless. 

Class Fish “Avg Range “7.2! Fish species associated with two gravel chubs in 
7 46  . “wa Jesse ues the Rock River at Beloit (Rock County) were: black 

" 4 90.8 88-95.5 52.6 81.4 crappie (5), white crappie (3), smallmouth bass (3), 

; orange-spotted sunfish (15), bluegill (150), northern 
Ava weightedy) “a pike (2), black bullhead (1), brook silverside (4), log- 

perch (1), johnny darter (1), spotfin shiner (462), 
Little information is available on the growth of this spottail shiner (6), and sand shiner (108). 

species in Wisconsin. Two age-I gravel chubs (UWSP 
3688) taken from the Rock River (Rock County) on 27 

September were 69 and 70.5 mm TL, and were an IMPORTANCE AND MANAGEMENT 

estimated 46.3 mm long at the first annulus. One There are no records of the gravel chub as a prey for 
age-I fish (UWSP 4712) taken from the Sugar River fish-eating predators; nor are there records of man’s 
(Rock County) on 5 August was 53 mm TL, and was use of this species as a bait minnow.
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Silver Chub The silver chub is rare in Michigan and in South 

Dakota (Miller 1972). It is ironic that the best study of 

this species was done by Kinney (1954) in Lake Erie, 

Hybopsis storeriana (Kirtland). Hybopsis—gibbous face; where the silver chub is believed extirpated. Its dis- 

storeriana—after David H. Storer, early Ameri- appearance was probably related to the loss of its 

can ichthyologist. prime food, the large mayfly (Hexagenia) (Britt 1955). 

Other common name: Storer’s chub. According to Scott and Crossman (1973), this fish’s 

disappearance is regrettable, “since it suggests an 
ever-narrowing faunal base in that woefully abused 

» body of water.” 
aaa In Wisconsin, the silver chub is uncommon. Bar- 

a oe ring catastrophic deterioration in water quality, it 

he: , tinea probably will survive as part of our fish fauna in lim- 
ht - ee es — , ited numbers. 

a} =S a’ In Wisconsin, the silver chub was encountered 

most frequently at depths of 0.6 m or more over sub- 
strates of sand (47% frequency), mud (24%), clay 

Male 148 mm, Sneed Cr. (lowa Co.), 3 Aug. 1962 (19%), and gravel (10%). It occurs in streams 3.1 m 
wide or wider—most frequently in large, low-gra- 

DESCRIPTION dient rivers more than 50 m wide. It is taken in water 
Body stout and almost round. Average length 140 of slow to fast current, from riffles, deep, quiet pools, 
mm (5.5 in). TL = 1.29 SL. Depth into TL 4.1-5.9. and sloughs with moderate amounts of vegetation or 
Head length into TL 4.8-6.1. Snout relatively long, no vegetation at all. The silver chub seems to have 
abruptly decurved and protruding slightly beyond the least specific habitat requirements of the three 
mouth. Mouth reaching between nostril and anterior Hybopsis species in the state. 
eye; a well-developed barbel at posterior end of lip 
groove in corner of mouth. Pharyngeal teeth 1,4—4,1, BIOLOGY 
hooked at tip. Eye large, into head length 3.0-4.3. Spawning occurs in June and July in Wisconsin. Most 
Gill rakers, slight protruberances or short fleshy spawning information comes from Lake Erie (Kinney 
lobes, 10. Dorsal fin originating slightly anterior to 1954). There is a shoreward migration in the spring, 
pelvic fin; dorsal fin rays 8; anal fin rays 8 (7); pectoral which is probably a positive thermotropic response. 
fin rays 17; pelvic fin rays 8. Lateral line scales 37-41; Spawning begins with the water temperature at 
lateral line complete. Digestive tract short with a 18.9°C (66°F), and reaches its peak with the water 
single S-shaped loop 0.6-0.7 TL. Chromosomes 2n temperature at 22.8°C (73°F). Spawning is thought to 
= 50 (W. LeGrande, pers. comm.). occur in open water. Trautman (1957) noted large 

Pale gray-green dorsally, becoming silvery on sides numbers of spawned adults lying dead along Lake 
and silvery white on belly. Iris of eye white-yellow. Erie beaches during the June and July spawning 
Faint dusky lateral stripe usually present. Caudal fin season; this suggests that some adults died after 
lightly pigmented, except the lower 3 or 4 rays, spawning. 

which are completely unpigmented. Peritoneum sil- On the Mississippi River (Crawford County) on 27 
very. June, two mature gravid females with ovaries about 

Breeding males with tubercles confined to rays 2-8 9% of total weight held ripe eggs 1.5 mm diam. On 
on pectoral fins. Head bears minute sensory buds, 28 July in the Wisconsin River (Richland County), the 
but not breeding tubercles (Cross 1967). ovaries of a female were 5% of the body weight, with 

eggs 1.3 mm diam (E. Peters, pers. comm.). 

DISTRIBUTION, STATUS, AND HABITAT In Lake Erie, ovary weights varied from about 10% 

The silver chub occurs in the Mississippi River drain- of the body weights of small specimens (20-30 g) to 

age basin, largely from Lake Pepin (Wagner 1908) 20% of the body weights of large specimens (70-80 
downstream in the Mississippi River, and in the g) (Kinney 1954). The formula for the number of ma- 

lower Wisconsin River. Occasionally it occurs in the ture eggs produced is: Number of eggs = 365 + 
lower extremities of small to large tributaries. In 1974 746.64 x ovary weight (g). Time to hatching is not 
(Wis. Fish Distrib. Study) it was taken from the Sugar known, but Fish (1932) described and illustrated four 

River (Green County), which is part of the Rock River larval stages from 5 to 21 mm, and Taber (1969) illus- 

drainage system. trated stages from 6.5 to 17.7 mm. In Lake Erie, larval
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Hybopsis storeriana |e ee ee a O Greene (1935) 
stages up to 7.5 mm were taken during the latter half Growth of silver chubs from the lower Wisconsin 
of June and the first week of July, usually in bottom River (July samples): 

hauls at depths of 18-20 m. Greeley (1929) secured 
young-of-year at stream mouths to Lake Erie. Caiculated TLai 

The growth (mm) of young-of-year in Wisconsin TL Annulus 
follows: Age No. of (mm) (mm) 

Class Fish Avg Range 1 2 3 

an \ 4 131 124-136 79.5 
No.of = —_—_____ UI 10 147.1 132-154 778 128 

Date Fish Avg Range Location il 1 165 92.9 116.1 145.1 

16 July 13 33.2 32-42 Mississippi R. (Grant Co.) . 

11 Aug. 3 44.5 43.5-45 Mississippi R. (Grant Co.) Avg (weighted) 79.3 126.9 145.9 
13 Aug. 1 35.0 _- Mississippi R. (Grant Co.) 

19 Sept. 11 46.6 34-56.5 Mississippi R. (Grant Co.) 

26Seph SERB Saree Mississippi Ra(GrantiCoy) Age-I silver chubs taken on 28 September 1974 from 
the confluence of the Chippewa and Mississippi riv- 

The young are fast-growing. The largest collections ers (UWSP 4938) were 133 (108-146) mm TL, age-II 
were made in shallow, flowing waters over an expan- fish, 158 and 160 mm TL; in Pool 9 of the Mississippi 
sive gravel and clay beach near Cassville (Grant River, calculated lengths to the first annulus averaged 
County). 46.6 mm; in Pool 11, 54.4 mm; and above Pool 5, 60.3 

The scale method of age determination is valid for mm. In silver chubs from the lower Wisconsin River 
silver chubs. Annulus formation occurs after 23 May, the calculated lengths to the first annulus averaged 
and by 27 June it is completed in age-I fish and al- 79.3 mm. 
most completed in age-II fish. The oldest specimen in Wisconsin collections is 3-
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plus years. In western Lake Erie, male silver chubs cited by vibration or movement near the aquarium 

seldom lived more than 3 years, while females at- (Davis and Miller 1967). 
tained an age of almost 4 years. The maximum total According to Davis and Miller, the silver chub re- 
length of Lake Erie chubs was slightly over 200 mm, lies more on taste to secure food than do other spe- 

and the weight about 90 g. cies of the subgenus. External taste buds are slightly 
The silver chub is one of our largest native min- more numerous than in other species, and well-de- 

nows. A Wisconsin silver chub female 165 mm (6.5 veloped compound taste buds occur in the interradial 
in) long (UWSP 2245) was collected from the Wiscon- membranes of the pectoral fins. 
sin River at Boscobel (Grant County). From Ohio, The silver chub is a southern species which seems 
Trautman (1957) reported a silver chub 231 mm (9.1 to require 6-7 months with water temperatures 
in), 170 g (6 oz). above 7.2-10°C (45-50°F); 3 of these must be above 

The diet of silver chubs taken from the Mississippi 21.1°C (70°F). Water temperature is the main factor in 
River (Crawford County) consisted of Trichoptera determining the northern edge of its range, while sa- 
(most abundant), Gammarus, Pisidium, Coleoptera, linity is the limiting factor at the southern edge. It is 
Ephemeroptera, and Diptera (E. Peters, pers. comm.). essentially a bottom fish, and before its disappear- 
Food items consumed by silver chubs from the Wis- ance from Lake Erie it was commonly taken in bot- 
consin River (Richland County) included Hemiptera tom hauls at depths of 18-20 m (60-66 ft). In shal- 

(Corixidae), which were found in almost all stom- lows where this species is not collected during the 
achs, as well as Trichoptera (Limnephilidae and day, it is often collected in large numbers at night (B. 
Brachycentridae), Pisidium, Diptera, Ephemeroptera, Davis, pers. comm.). 
and Coleoptera. Trautman (1957) noted that, when pools in large 

Young-of-year in Lake Erie fed on Copepoda rivers became excessively silted, the silver chub 
(39.5%), Tendipedidae (34.7%), Daphnia (10.9%), Tri- moved into gravelly streams with clearer water. Dur- 

choptera larvae (4.6%), Sphaeriidae (4.1%), Ostra- ing the winter on the Mississippi River, the silver 

cods (2.9%), Oligochaeta (1.3%), and Gammarus, Bae- chub frequents deep holes. Individuals were col- 
tidae, and Coleoptera (1.8%) (Kinney 1954). During lected during March in the vicinity of Alma (Buffalo 
the first part of Kinney’s study, adults fed principally County) from holes 9-12 m deep (M. Ebbers, pers. 
on Hexagenia nymphs (66.7%), small Mollusca (17.3%), comm.). 
Daphnia (5.2%), and Gammarus (3.1%). During Sep- In the lower Wisconsin River, 10 silver chubs were 
tember 1953, Britt (1955) found that, because of low associated with the following species: shovelnose 

oxygen conditions, the Hexagenia population had suf- sturgeon (1), mooneye (4), quillback (1), river carp- 
fered a drastic decline. Food habit studies conducted sucker (5), highfin carpsucker (2), shorthead red- 
after the Hexagenia decline showed that Tendipedi- horse (97), golden redhorse (47), northern hog sucker 
dae, Daphnia, and Gammarus made up the bulk of the (65), common carp (12), speckled chub (1), bluntnose 
food eaten by adult silver chubs. Kinney estimated minnow (1), emerald shiner (15), spotfin shiner (23), 
that the silver chub ate 10% of its weight in Hexagenia river shiner (1), sand shiner (36), sauger (6), walleye 
per day. (1), crystal darter (6), river darter (3), slenderhead 

In aquarium studies, feeding by silver chubs oc- darter (11), logperch (31), smallmouth bass (21), black 

curred only at or near the bottom of the tank (Davis crappie (1), and freshwater drum (2). 
and Miller 1967). When not feeding, the fish rested 

quietly near a bottom corner of the aquarium. The IMPORTANCE AND MANAGEMENT 
selection of food items appeared to be under both The silver chub is a forage fish; it is known to be eat- 
sight and taste control. Capture of live or dry food en by burbot, Stizostedion sp., and other large fish- 

seldom involved movement of more than 2-4 cm. eating species (Kinney 1954). A 108-mm silver chub 
When a fish was touched by either type of food an was taken from the stomach of a flathead catfish 
apparent feeding response was elicited, but if the ini- (Coker 1930). 
tial movement was unsuccessful, there were no sub- The silver chub is an excellent bait minnow in 
sequent attempts to obtain that food item. If given a Iowa, when available (Harlan and Speaker 1956). It 
choice between live and dry food, the fish showed a does not live long either in the bait bucket or on the 
slight preference for live food. Often when there was hook, but because of its size it is highly prized for 
dry food on the bottom, fish picked up material, ap- large-fish angling, and it is taken occasionally on 
peared to chew on it momentarily then ejected large worms. Apparently it is of little direct food value to 
quantities of sand. In captivity, this chub is easily ex- man because of its numerous bones.
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Speckled Chub SYSTEMATIC NOTES 
Hypbopsis aestivalis is the only species in the subgenus 
Extrarius. This species is composed of six nominal 

Hybopsis aestivalis (Girard). Hybopsis—gibbous face; subspecies: Hybopsis aestivalis aestivalis (Girard) of 
aestivalis—pertaining to summer. clear Rio Grande River tributaries, H. a. hyostomus 

Other common names: long minnow, northern long- (Gilbert) of streams east of the Mississippi River, H. 
nose chub. a. marconis (Gilbert) of the San Marcos River, H. a. 

sterletus (Cope) of the Rio Grande River proper, H. a. 
tetranemus (Gilbert) of the Arkansas River, and H. a. 

; australis (Hubbs and Ortenburger) of the Red River of 
io , Oklahoma-Texas (Davis and Miller 1967). 

if a ga YS eet ois Ascribed to Wisconsin is the large-eyed form H. a. 
ee ot — hyostomus, which inhabits relatively clear waters and 

possesses a single pair of relatively short barbels. 

Adult 65 mm, Wisconsin R., Arena (lowa Co.), 3 Aug. 1962 Small-eyed forms, H. a. tetranemus and H. a. aus- 
tralis, inhabit turbid waters and may have one or two 

DESCRIPTION pairs of barbels. H. a. australis in the upper Red River 
Body elongate and slender, round in cross section. always has two pairs of long barbels. Specimens are 
Average length 45-55 mm (1.8-2.2 in). TL (males) sometimes found with three barbels on one side (B. 

= 1.24 SL; TL (females) = 1.29 SL. Depth into TL Davis, pers. comm.), although as many as seven 
6.2-8.3. Head length into TL 4.5-5.2. Snout fleshy, have been reported. It has been suggested that barbel 
protruding far forward of horizontal mouth. Mouth development was a recent compensatory adaptation 
reaching to below anterior edge of eye; a fleshy bar- for reduced vision in turbid habitats. 
bel from the corner of mouth groove in length about 
equal to diam of pupil. Gill rakers, short, pointed, DISTRIBUTION, STATUS, AND HABITAT 

and fleshy, 8. Pharyngeal teeth 4-4, slender with a The speckled chub occurs in the Mississippi River 
short cutting edge and strongly hooked at tip; pha- upstream to its junction with the Chippewa River, and 
ryngeal arch slender and weak. Dorsal fin usually in the Wisconsin River upstream to near Wisconsin 
originating slightly anterior to pelvic fin; dorsal fin Dells. It is an inhabitant of large rivers, but is occa- 
falcate, rays 8; anal fin rays 8; pectoral fin rays 12-15; sionally taken in medium-sized tributaries to these 
pelvic fin rays 8. Lateral line scales 36—40; lateral line rivers. 
complete. Digestive tract a simple S-shaped duct Greene (1935) collected this species from the Mis- 
0.5-0.7 TL. Chromosomes 2n = 50 (J. Gold, pers. sissippi River, and once from the Wisconsin River 

comm.). basin, where he found it only in Otter Creek, about 

In life, pale and translucent; belly white. Sides 1 mi north of Clyde in Iowa County. Since then it ap- 
with a silvery longitudinal stripe; dark speckles on pears to have expanded its range upstream in the 
sides. Dark blotch near base of each lobe of caudal Wisconsin River. The possibility exists that it may 
fin. Peritoneum silvery. cross into the Lake Michigan drainage basin via the 

Fine tubercles in both male and female over the en- Fox-Wisconsin canal at Portage. 
tire head and branchiostegal region, along the rays of In Wisconsin, the speckled chub is at the northern 
the pectoral fins, the anterior rays of the pelvic fins, limits of its range. It varies in abundance from year 
and in some individuals on the dorsal body scales to year. Starrett (1951) suggested that this variation 

and the breast scales. The breast scales may have tu- is related to the success or failure of the yearly 
bercles as thick as sandpaper. Tuberculation appears breeding cycle. He noted that a change in the time of 
in the larger young-of-year in October, and is re- floods from spring and early summer to midsum- 
tained throughout life. mer, when spawning occurs, might have a drastic ef- 

Sexual dimorphism: In mature male, the space be- fect on this species. Starrett also gave evidence that a 
tween the end of the pectoral fin and the origin of the very limited population of speckled chubs can pro- 
pelvic fin is usually 1 mm or less; in female, 2 mm or duce a large population the following year. Other 

more. In the male, the long pelvic fins usually extend factors influencing speckled chub numbers are the 

posterior to the tip of the anal papilla; in females, the population densities of other fishes and the amount 
pelvic fins are anterior to or barely reach the tip of of space available. 
the anal papilla. In Wisconsin, the speckled chub is generally un-
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common in the lower Wisconsin and Mississippi riv- of the total weight which contained 796 mature yel- 
ers and in the lower portions of their larger tributar- low eggs 0.9 (0.7-1.0) mm diam, and white, imma- 
ies. It has been given threatened status (Les 1979). ture eggs 0.2 (0.1-0.3) mm diam. On 8 August, a fe- 

In Wisconsin, the speckled chub was encountered male 55 mm TL, 1.38 g, had ovaries 9.4% of the body 

most frequently in broad, shallow riffles over sub- weight which contained 559 eggs, about half of 
strates of sand (62% frequency), mud (23%), clay which were mature, and which were 0.7 (0.65—0.8) 

(8%), and gravel (8%). Once it was taken from a hard, mm diam. On the latter date a number of females 
sand-bottomed slough. It occurs in rivers generally had soft abdomens, suggesting that they may have 
over 50 m wide; it has been found twice in streams spawned recently; some females still bore a number 
12-24 m wide. At collection sites, aquatic vegetation of mature eggs 0.8 mm diam. In September, females 
is generally lacking, and the water is slightly turbid were without ripe eggs. 
to turbid. Spawning occurs around noon, and the eggs are 

broadcast by the females in the deeper part of the y per p 
BIOLOGY stream current (Bottrell et al.1964). The fertilized eggs 
Spawning begins in May or June and continues spo- are only slightly heavier than water; they develop as 
radically into August. In Kansas, Cross (1967) noted they drift in the currents. Hatching time is about 23 
that the reproductive period seems long, inasmuch hr after blastula formation. The larvae are completely 
as tuberculate males and egg-laden females have transparent, with no visible pigmentation. In the 
been taken from late May through August, always laboratory, newly hatched larvae swam upward in a 
when water temperatures exceeded 21.1°C (70°F). spiral fashion, sank to a depth of several centimeters, 

In the Wisconsin River (lowa County) on 3 August, or to the bottom of the tank then repeated the pro- 
a speckled chub 61 mm TL, 1.73 g, had ovaries 12.2% cess. They began to feed 2-3 days after hatching.
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Juvenile speckled chubs do not form schools. They Occasionally, they would stop and turn to pick up mate- 
feed aggressively, and grow rapidly—19 mm (0.75 in) rials from the bottom. Cutaneous taste buds on the barbels, 

in three weeks. Most of the food is taken from the fins, and body probably had detected the food. After a 
bottom, or as it falls through the water; no food is short interval, small quantities of sand were ejected from 
taken fromthe surface, the mouth. Introduction of live Daphnia sp. elicited no re- 

The growth of young-of-year speckled chubs fol- sponse until the Daphnia touched or swam close to the fish. 
lows: When dry food was introduced, no response occurred until 

. it had sunk almost to the bottom. Usually at this point, the 
TL nearest fish would initiate a rapid searching movement 

No. of (mm) with pectorals spread widely and barbels in contact with 
Date Fish Avg Range Location the sand. Almost immediately, other fish began the same 
i6July —«5~—~=«7.B. 270-293‘ Mississippi R. (Grant Co.) behavior. Whether this resulted from activity of the first 
20 Sept. 18 35.0 30.0-37.5 — Wisconsin R. (Columbia Co.) fish or independent detection of food is not known. When 
21 Sept. 21 34.3 30.5-37.0 Wisconsin R. (Sauk Co.) live and dry food were introduced simultaneously, fish be- 
24 Sept. 12 34.4 29.0-38.0 Wisconsin R. (Grant Co.) gan feeding on the dry food first, perhaps because of the 

2rOct 12} 38.0 85.04 1.0 “Wisconsin RulGrantCo) rapid diffusion of strong sapid materials from the dry food. 
Feeding behavior in [this species] is primarily taste ori- 

The speckled chub is short-lived, seldom surviving _ fc ichough Vision. may Play atiimportant rele in. se 
. . . uring food close to the head. Fish were kept in aquaria for 

more than 1.5 years. Reproduction is accomplished over three months with no apparent change from taste to 
by year-old fish. Of 195 age-I speckled chubs col- sight feeding, even though the water was clear at all times. 
lected 8 August 1962 from the Wisconsin River (Iowa 
County), the 109 males were 47.3 (43-54) mm TL; the Davis and Miller described and illustrated the brain 
86 females were 52.2 (45-61.5) mm TL. In Iowa, age- morphology for most subspecies of H. aestivalis. They 
I fish in May were 18-53 mm SL; in July, 24-49 mm noted many taste buds on barbels, and compound 
SL; and in October, 34-51 mm SL (Starrett 1951). In taste buds in the first interradial membrane of the 

Ohio, Trautman (1957) reported 46-76 mm TL for pectoral fins. In a bottom-dwelling fish, chemorecep- 
breeding adults. The maximum size reported for this tors on the pectoral fins would greatly increase the 
species in Ohio (Trautman 1957) has been 76 mm (3 sensory area, and thus increase the efficiency of en- 
in) TL. B. Davis (pers. comm.) reported a 73.1-mm ergy expenditure during food searching behavior. 
SL specimen from the Rio Grande at Albuquerque, The speckled chub has numerous taste buds in the 
“which would make the New Mexico specimen pharyngeal region, undoubtedly for efficient food 
something over 80 mm TL.” sorting. Behavioral observations by Davis and Miller 

Adult speckled chubs have seldom been captured (1967) revealed a sustained “chewing motion” by this 
in Wisconsin collections at the end of September, chub, after which expulsion of material was noted. 
which implies a decrease through mortality. On the No behavioral differences were detected among the 
other hand, the young-of-year begin to appear in observed subspecies. 
numbers at that time. The speckled chub is adapted for bottom dwelling 

The diet of the speckled chub consists mostly of by possession of a depressed body, elongate snout, 
immature aquatic insects. In 22 speckled chubs col- subterminal mouth, well-developed barbels, and 
lected 8 August from the Wisconsin River (Iowa large pectoral fins. It exhibits more morphological 
County), the following food items were identified: plasticity than any other species in the genus Hybop- 
Trichoptera, Hemiptera, Odonata, Coleoptera, cy- sis, probably because of its highly variable habitat 

cloid fish scales, and debris. Ten digestive tracts were preferences. It is found in both clear and turbid wa- 
empty (F. Camenzind, pers. comm.). ters. 

In Iowa, this species has been classified as a Dip- The speckled chub is sedentary, resting quietly on 
tera feeder (Starrett 1950b). During the summer it the stream bottom when not moving about in search 
consumed Diptera larvae and adults, Ephemeroptera of food (Pflieger 1975). Trautman (1957) noted that it 
nymphs, Trichoptera larvae, Corixidae, larvae and usually remains in waters more than 1.2 m (4 ft) deep 
adults of terrestrial insects and small amounts of plant during the day, especially if the waters are clear, and 
material. In addition, Entomostraca appeared in sev- ventures into the shallows only on dark nights. On 
eral stomachs during the winter. three nights specimens were collected in shallow 
Aquarium feeding behavior was reported by Davis water until the bright moon began to shine, after 

and Miller (1967): which none could be taken.
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This minnow uses the channel of a river more than led chubs were associated with the following spe- 
other minnows do (Starrett 1950a). During the winter cies: quillback (4), shorthead redhorse (2), bullhead 
of 1946-1947 it continued to use the river channel of minnow (62), emerald shiner (16), spotfin shiner (320), 
the Des Moines River at Fraser (lowa) even though it river shiner (7), bigmouth shiner (4), brassy minnow 

was not covered with ice; other species of minnows (1), western sand darter (9), johnny darter (4), blue- 
at this station in winter were seldom collected from gill (1), and brook silverside (8). 

the ice-free channel. 
The speckled chub frequently inhabits fast water 

over shifting sand bottoms, where it is easily over- IMPORTANCE AND MANAGEMENT 
looked because such a barren habitat is seldom pro- Game fish in deeper waters may prey upon speckled 
ductive to the seiner. It is here, however, that one chubs to meet their energy requirements. 
may expect to encounter the speckled chub, as well In Wisconsin the speckled chub is little known. It 
as the western sand darter, a common fish associate. frequents waters which are not normally sampled by 
Eddy and Underhill (1974), noting the difficulty in fishermen. Minnow seiners avoid the sand riffles of 
getting speckled chub specimens, observed that “the large rivers, since minnow species seldom occur 
shifting sand is so loose that it is difficult to seine, there in any numbers. The speckled chub is small 
and the little chub apparently dives into the sand and lacks the showiness of minnows desirable for 
when disturbed.” fishing, although it is of some value as bait and for- 

In the Wisconsin River (lowa County) 270 speck- age in New Mexico (Koster 1957).
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Suckermouth Minnow pigmented, especially in adult males; other fins whit- 
ish. Breeding males brightly covered with an irides- 
cent blue and silver pigmentation (Eddy and Under- 

Phenacobius mirabilis (Girard). Phenacobius—deceptive, hill 1974). Peritoneum silvery with scattered dark 
life (its appearance suggests an herbivorous speckles. 
species with long intestines, which it really is Breeding male with minute tubercles over top of 
not); mirabilis—wonderful. head and opercles, dorsolateral scales, and on rays 

Other common names: sucker-mouthed minnow, of pectoral, pelvic, dorsal and anal fins. Breeding fe- 
plains suckermouth minnow, sucker-mouth dace. male occasionally lightly tuberculate on top of head. 

Sexual dimorphism: In male, pelvic fins reaching 
or almost reaching anus; in female, a considerable gap 

= between end of pelvic fin and anus. Pectoral fins in 
Lis male, large, broad, and fan-shaped; in female, small, 

narrow, and elongate. 

a ee : in DISTRIBUTION, STATUS, AND HABITAT 
eas a i In Wisconsin, the suckermouth minnow occurs only 

in the Mississippi River drainage basin, primarily in 
the nonglaciated southwestern quarter of the state. 

Adult male (tuberculate) 76 mm, Trout Cr. (Crawford Co.), 11 Since 1930, using the Mississippi River as a connec- 
July 1962 tive, it appears to have expanded northward into 

Buffalo County. In the Rock River basin it has ex- 
panded through the southern tier of counties. Greene 
(1935) noted that the distribution of this species in 

zy Wisconsin is typical of stream fishes with a southern 
a center of distribution which have entered Wisconsin 

y * : 4 through the Mississippi River and its tributaries, and 
AP i A ae: iS = have found the streams of the driftless area favorable 

i ee. — ——— habitats. 

The suckermouth minnow is uncommon to com- 
mon in tributaries to the lower Wisconsin and Missis- 

Adult female 69 mm, Trout Cr. (Crawford Co.), 11 July 1962 sippi rivers. With the modification of streams as a re- 
sult of farming, this species has been spreading its 

DESCRIPTION range and multiplying. The extension of its range has 
Body slender, almost cylindrical. Average length 76 been documented for Indiana and Ohio (Trautman 

mm (3 in). TL = 1.22 SL. Depth into TL 5.1-5.9. Head 1957), and is occurring in Wisconsin. After first in- 

length into TL 4.9-5.3. Snout bluntly rounded and vading a locality, the suckermouth minnow often be- 

extending beyond ventral mouth. Upper lip thick and comes unusually abundant; as it becomes a perma- 
lower lip with prominent lateral lobes (“fiddle- nent part of the fish population its numbers decrease 
head”). Mouth extending to below nostril; barbel ab- noticeably. This phenomenon is illustrated in the 

sent. Pharyngeal teeth 4—4, slender, slightly hooked streams of the lower Rock River basin, where 20 to 
to not hooked at all. Eye small, into head length 4.2- 80 specimens of suckermouth minnows per collec- 
5.0. Gill rakers short, conical to irregular, knoblike; tion are common. 
about 9. Dorsal fin origin anterior to origin of pelvic The suckermouth minnow is primarily a riffle fish 
fin; dorsal fin rays 8; anal fin rays 7(6); pectoral fin which prefers warm streams with moderate or low 

rays 14; pelvic fin rays 8. Lateral line scales 43-51; gradients. In Wisconsin, it was encountered most fre- 
lateral line complete, slightly decurved. Digestive quently at depths of 0.6-1.5 m over substrates of 

tract short, S-shaped, 0.6-0.7 TL. Chromosomes 2n gravel (38% frequency), rubble (17%), sand (13%), silt 
= 50 (W. LeGrande, pers. comm.). (13%), clay (10%), mud (9%), and boulders (1%). It 

Back dark olive with dark edges to scale pockets; occurred in streams of the following widths: 1.0-3.0 
dusky lateral stripe ending in a prominent black, m (22%), 3.1-6.0 m (44%), 6.1-12.0 m'(24%), and 
elongated, basicaudal spot; lower sides and belly sil- 12.1-24.0 m (10%). The suckermouth is present in 
very white. Pectoral, dorsal, and caudal fins darkly clear waters, but occurs in the greatest numbers in
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Phenacobius mirabilis | MAIN Toe ale a O Greene (1935) 

highly turbid waters, and is seldom associated with (Cross 1967), the suckermouth minnow has a longer 
instream vegetation. reproductive period than any other riffle fish; speci- 

In Ohio (Trautman 1957), this species selects riffles mens bearing tubercles and having enlarged gonads 
of streams whose waters are usually turbid and rich have been taken in all months from April through 
in organic material, and whose gradients are suffi- August. Cross has suggested that during this 5- 
ciently high so that the gravel on the riffles remains month period males remain reproductively active, 
comparatively free from silt. It usually reaches large and that females spawn two or more times. 
population densities in large streams and rivers, es- In Oklahoma (Cross 1950), suckermouth minnows 
pecially when competitive pressure from other riffle in spawning condition were taken at water temper- 
species is low. Populations are low or absent in the atures of 14-25°C (57.2-77°F). Nothing is known 
clearest streams, in streams of high gradients, and in about the spawning site of this species, or about its 
normally turbid streams whose gradients are too low reproductive behavior; it is surmised to spawn on 
to prevent silt accumulations from covering the gravelly riffles. 
stones on the riffles. In Wisconsin, gravid females were collected from a 

branch of the Platte River (Grant County) on 20 July 
BIOLOGY 1962. A 90-mm fish with ovaries 24% of total weight 
In Wisconsin, spawning extends at least from early held an estimated 1,640 orange-yellow, ripe eggs 1.3 
July to the end of August, although males with mm diam. A second generation of yellow, immature 
breeding tubercles have been taken from June into eggs 0.8 mm diam numbered less than one-fourth 
mid-September. The wide range in size of young-of- the number of mature eggs. A 91-mm fish with ova- 
year implies a long spawning season. In Kansas ries 12% of total weight held 830 mature eggs 1.25
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mm diam; immature eggs were 0.7 mm diam, and Suckermouth minnows mature at age II. The larg- 
numbered approximately one-third the number of est specimen, 122 mm (4.8 in), was reported by 
mature eggs. Trautman (1957). 

The growth of young-of-year in Wisconsin has The food of suckermouth minnows is composed 
been reported as follows: largely of aquatic dipteran larvae and caddisfly lar- 

vae; at times bottom ooze, detritus, and plant mate- 

pin rial make up a small part of stomach contents (Eddy 
No. of — ; and Underhill 1974, Stegman 1969, Starrett 1950b, 

Date Fish Avg Range sitocation Forbes and Richardson 1920). The suckermouth min- 
10 Aug. 7 43 37-47 McCartney Br. (Grant Co.) now, which lives on the bottom, obtains its food by 
14 Aug. 34 41.2 27-47 Little Platte R. (Grant Co.) & - * ‘ age 
14 Sept. 2 43 36-50 Kickapoo R. (Monroe Co.) rooting in gravel and rocks with its sensitive snout 
15 Sept. 1 54 Kickapoo R. (Vernon Co.) and lips (Pflieger 1975). In the aquarium the sucker- 
21 Sept. 2 Bp! Alaae Otter Cr. (Sauk Co.) mouth minnow rests on the sand like a darter, sup- 

ported by its pectoral fins; the head moves gently up 

The fish in this sample probably represent the largest and down with the opening and closing of the gills 
young-of-year present at the time the collection was (Forbes and Richardson 1920). 
made, since the gear used (6 mm-mesh seine) se- In the Little Platte River (Grant County), 39 suck- 

lected larger fish over smaller individuals. ermouth minnows were associated with the follow- 

Suckermouth minnows from Kuenster Creek (Grant ing species: shorthead redhorse (1), white sucker (57), 
County), collected 9 August 1962, showed the fol- common carp (1), central stoneroller (73), blacknose 
lowing growth: dace (1), hornyhead chub (64), creek chub (1), blunt- 

nose minnow (11), common shiner (21), sand shiner 

Calculated TL at (8), bigmouth shiner (2), logperch (10), johnny darter 

am) aad (4), fantail darter (1), and smallmouth bass (9). 
Age No. of ee eek 

—_a Ae _Reree__*_?__3_ IMPORTANCE AND MANAGEMENT 
ti 20 786 79-87 sas In Iowa, the suckermouth minnow is used exten- 

Ml 9 90.0 79-104 37.4 62.0 85.2 sively as bait by anglers (Harlan and Speaker 1956). 
, In Wisconsin, it is far too uncommon to be of any 

a ee consequence as a bait or forage fish.
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Pallid Shiner Digestive tract short with a single S-shaped loop 

about 0.5 TL. 

Back pale olive yellow, the scale pockets faintly 
Notropis amnis Hubbs and Greene. Notropis—back, dark at the edges; sides silvery, belly silvery white, 

keel; amnis—of the river. fins unpigmented. A faint lateral stripe of stipplelike 
dots around tip of snout and behind eye, ending at 

the base of caudal fin. Mid-dorsal stripe of faint stria- 
tions, sometimes absent. Peritoneum silvery, occa- 

ini ini sionally with a few dark speckles. 
no ae es . Breeding male with tubercles on cheek, branchio- 
a stegal rays, and along pectoral fin rays. 

Adult 57 mm, Mississippi R., Wyalusing (Grant Co.), 15 July SYSTEMATIC NOTES 

1962 Notropis amnis is accredited to Hubbs and Greene 
(Greene 1935). A thorough review of this species’ sta- 

= ie tus appeared in Hubbs (1951b). The holotype (UMMZ 

_— rid e 75435), an adult 43 mm SL, was seined by L.P. 

— ’ sins ' Schultz and C.M. Tarzwell on 27 August 1928 in a 
renee ser channel of the Mississippi River, 1 mile north of Prai- 

rie du Chien (Crawford County). Hubbs recognized 

Adult (note well-defined lateral stripe) about 64 mm, Mississippi “= subapenee: runneieae pon shiney, ene amnis 
R. (Grant Co.), 10 Aug. 1976 ‘ amnis, and southwestern pallid shiner, Notropis amnis 

pinnosa. The former occurs in the Wisconsin, Minne- 
sota, Iowa, northern Illinois, and northern Missouri 

DESCRIPTION sectors of the Mississippi River and its tributaries. 
Body slender and fragile, moderately compressed lat- Hubbs noted that Notropis amnis most closely re- 
erally. Average length 51 mm (2 in). TL = 1.31 SL. sembles Hybopsis amblops, but called attention to the 
Depth into TL 5.7-6.3. Head length into TL 4.8-5.4. absence of barbels in the pallid shiner, and a mouth 
Snout blunt, extending beyond upper lip. Mouth al- structure quite unlike that in H. amblops. The imme- 
most horizontal, small, reaching below posterior nos- diate relationships of the pallid shiner within the ge- 
tril; the upper jaw extending posteriorly beyond the nus are not apparent, and it may be made the type of 
corner of mouth, usually fleshless and completely a distinct subgenus when Notropis receives a much 
concealed beneath the suborbital; barbels absent. Eye needed general revision. 
into head length 2.7-3.4. Pharyngeal teeth 1,4-4,1, 
short, hooked at tip, cutting edge short. Gill rakers DISTRIBUTION, STATUS, AND HABITAT 
about 5 small knobs near union of upper and lower In Wisconsin the pallid shiner occurs in the Missis- 
limbs of first gill arch. Dorsal fin origin below or sippi River and the lower parts of its major tributar- 
slightly in advance of pelvic fin origin. Dorsal fin ies. It reaches its northern limit of distribution in Wis- 
high and pointed with anterior rays much elongated, consin. 
almost as long as or longer than predorsal distance; Specimens examined: UWSP 1476 (1) Mississippi 
dorsal fin rays 8; anal fin rays 8 (9); pectoral fin rays River at Wyalusing (Grant County) 1966; UWSP 1555 
12 (11-14); pelvic fin rays 8 (7). Scales highly decid- (5) Mississippi River above Fountain City (Buffalo 
uous; lateral line scales 34-37; lateral line complete. County) 1946; UWSP 2671 (1) Mississippi River at 

Wyalusing (Grant County) 1962; UWSP 2672 (1) Wis- 

consin River T6N R5W Sec 6 (Grant County) 1962; 

°(3) UWSP 3150 (1) Mississippi River above Red Wing 
me dike, Minnesota, 1947; UWSP 3223 (17) Mississippi 

Qa } River above Potosi (Grant County) 1946; UWSP 4884 
b YA (1) Mississippi River at Wyalusing (Grant County) 

[7vXYV 1963; UWSP 3273 (1) Mississippi River 2.4 km north 
of the Iowa-Minnesota line, Minnesota, 1969; and 
UWSP 5673 (8) Mississippi River at Cassville Slough 

Mouth arrangement of the pallid shiner (after Douglas 1974:119) (Grant County) 1976.
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In 1976, the Wisconsin Fish Distribution Study re- the early 1940s, but no specimens have been taken 

ported 23 collections of pallid shiners from the Mis- since 1956 in spite of collectors’ efforts (Pflieger 1975). 

sissippi River between TIN R2W Sec 29 (southern No other Missouri fish has shown such a marked de- 

Grant County) and T8N R7W Sec 36 (southern Craw- cline in abundance and according to Pflieger it prob- 

ford County). The Upper Mississippi River Conser- ably is on the verge of being eliminated from the 

vation Committee reported supplemental records state, if it has not already gone. 

from Pools 3, 4, 5, 9, and 11 (P. W. Smith et al. 1971). In Wisconsin, the range of the pallid shiner ap- 

Four specimens were seined from the Mississippi pears to have shrunk since 1930. Greene (1935) re- 

River near Brownsville (Houston County), Minne- corded it not only from the Mississippi River and the 

sota, in 1965 (Phillips and Underhill 1967). lower Wisconsin River, but also from their tributar- 

The status of the northern populations of this spe- ies—i.e., the Black and Trempealeau rivers (Trem- 

cies is a matter of concern. According to Hubbs pealeau County), and the Sugar River (Green County). 

(1951b), the pallid shiner appears to be a rare species, In spite of intensive collecting in these and adjacent 

except for isolated local populations; it may be waters from 1958 through 1978, the pallid shiner has 

headed toward extirpation. In the upper Mississippi been captured only in the mainstem of the Missis- 

River it constitutes less than 1% of the minnow popu- sippi River and the lower Wisconsin River; this sug- 

lation. It is rare in Minnesota, where it has been col- gests a loss of range. 

lected on only a few occasions (Eddy and Underhill The number of recent records (1958-1978) of the 

1974). In Illinois, this species has endangered status pallid shiner in the Mississippi River from Vernon to 

(Lopinot and Smith 1973). In Missouri it was wide- Grant counties implies a stable, but low-level, popu- 

spread in the eastern part of the state as recently as lation in that sector of the river. In Wisconsin, the
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pallid shiner is accorded threatened status (Wis. Dep. mm (2.5 in) TL. The largest specimens from Louisi- 
Nat. Resour. Endangered Species Com. 1975, Les ana (Douglas 1974) were slightly over 70 mm (2.75 in). 
1979). Ecological information on this species is quite vari- 

In Wisconsin, the pallid shiner has been taken over able. In the pallid shiner’s habitat aquatic vegetation 
sand and mud in sloughs, over sandbars with slow- is absent about as often as it is present, but it is oc- 
moving water, and from impoundments without cur- casionally recorded as dense (Hubbs 1951b). The 

rent. In Iowa, it is reported in flowing water over habitat bottom varies from very soft mud to sand, 
sandbars (Harlan and Speaker 1956). gravel, or rock. The summer temperatures recorded 

In its northern distribution through the central for the pallid shiner grade from “cold” (presumably 
United States, the pallid shiner is confined mainly to meaning cool) to “warm,” with two records of nearly 
the larger lowland rivers; in the south, it more com- 23°C (73.4°F) for the northern pallid shiner, and five 
monly inhabits small- to medium-sized streams (Hubbs or more averaging 33°C (91.4°F) for the southwestern 
1951b). Avoidance of the excessive turbidity of the pallid shiner. Reports on water currents favored by 
main streams in the south may be the chief factor in this species are about equally divided between “none” 
this differential habitat selection, but temperature is or “almost none” and “slow” to “rapid,” with slow 
perhaps also involved. In the north, this essentially flows recorded most often. The delicate fins and skin 
southwestern species avoids the smaller streams, and the moderately streamlined build of the pallid 
which are generally cooler, and may find only the shiner indicate that it is adapted best for slow cur- 
larger waters sufficiently warm. rents. 

Records also indicate that the pallid shiner is tol- 
BIOLOGY erant of a wide range of turbidity (Hubbs 1951b). In 

Nothing is known about the spawning or feeding waters where this fish is found reports are about 
habits of the pallid shiner. equally divided between “clear” or “almost clear” 

I have attempted to age pallid shiners by reading and “moderately turbid” or “muddy,” with a few lo- 
scales. In a number of specimens, no scales were cales noted as “murky” or “very muddy.” 
available which could be used for aging, since the In the lower Wisconsin River 1 pallid shiner was 
scales are deciduous; in other specimens, the scales associated with the following species: shortnose gar 
still intact were often replacement scales, which are (1), longnose gar (1), gizzard shad (35), bigmouth 
useless for aging purposes. Therefore the following buffalo (4), shorthead redhorse (1), common carp (5), 
data on age and growth in the pallid shiner are ten- bullhead minnow (83), bluntnose minnow (18), pug- 

tative. nose minnow (22), emerald shiner (4), spotfin shiner 

Young-of-year attained a growth of 30-32.5 mm TL (519), spottail shiner (3), weed shiner (3), river shiner 
by 4 November in Pool 5A of the Mississippi River (9), sand shiner (4), Mississippi silvery minnow (30), 
(Buffalo County). In seven pallid shiners 56-59.5 mm trout-perch (1), white bass (34), yellow perch (2), 
TL from the Mississippi River (Grant to Vernon coun- western sand darter (4), logperch (2), johnny darter 
ties), estimated lengths at the annuli were: 1—34 mm (53), smallmouth bass (3), largemouth bass (10), black 
and 2—49 mm. The annulus appears to be deposited crappie (273), white crappie (13), brook silverside (2), 
in July. and freshwater drum (6). 

The condition (K;,) of 10 pallid shiners from the 
Mississippi River during early August 1976 was 0.79 IMPORTANCE AND MANAGEMENT 
(range 0.74—0.85). Nothing is known about the use made of the pallid 

The largest Wisconsin specimen observed was 64.5 shiner by man, game fish, or predatory birds.
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Emerald Shiner N. a. atherinoides. The lake emerald shiner is consid- 

ered the small-headed, terete form. 

A comparison of small collections from Lake Michi- 

Notropis atherinoides Rafinesque. Notropis—back, keel; gan, Lake Winnebago, and Pewaukee Lake failed to 
atherinoides—from atherina, silversidelike. show significant differences. This species is quite 

Other common names: lake shiner, Milwaukee shiner, plastic, and the recognition of subspecies at this state 

lake emerald shiner, common emerald shiner, of our knowledge is unwarranted. 
river emerald shiner, shiner, lake silverside, 
buckeye shiner, Lake Michigan shiner. DISTRIBUTION, STATUS, AND HABITAT 

The emerald shiner occurs in all three drainage ba- 
sins in Wisconsin, and in Lakes Michigan and Supe- 
rior. It is widely distributed in the larger waterways 

: Cc ee “a e and lakes of central and southern Wisconsin, but it is 
rao)) ad IN ene ors ee absent from the northern sectors of the Lake Michi- 

ite , gan and Mississippi River drainages, except for a few 
widely disjunct lakes in the latter. 

The emerald shiner is common to abundant in the 

Adults120:mm,L«Michigan:{Kenashs.Co,),-20'Mar:1959 inland waters of Wisconsin. It is rare in Lake Michi- 
gan, and declining in Lake Superior (Parsons et al. 

DESCRIPTION 1975). See “Importance and Management” for histor- 
Body slender, often fragile, strongly compressed lat- ical details. 
erally. Average length 51-76 mm (2-3 in). TL = 1.27 In the West, this species has become more common 
SL. Depth into TL 5.0-7.0. Head length into TL because of the establishment of reservoirs. The crea- 
4.7-5.8. Snout bluntly pointed. Mouth oblique, ter- tion of the navigational pool system on the Missis- 
minal, large, extending to below nostrils; barbel ab- sippi River undoubtedly benefited the species. 

sent. Pharyngeal teeth usually 2,4—4,2, occasionally The emerald shiner inhabits large lakes and rivers, 

1 tooth fewer in inner or outer row on one side; and the lower reaches of streams tributary to such 

hooked, sturdy; strong arch. Gill rakers short, coni- rivers. In Wisconsin, it was encountered most fre- 
cal, 9-11. Eye into head length 2.9-3.8. Dorsal fin ori- quently in clear water at depths of 0.6-1.5 m, over 
gin posterior to pelvic fin origin; dorsal fin rays 8; substrates of sand (43% frequency), gravel (17%), mud 
anal fin rays 11 (10-12); pectoral fin rays 13-17; pelvic (16%), silt (9%), rubble (6%), clay (5%), and boulders 
fin rays 8 (axillary process sometimes present). Scales (4%). It occurred more frequently in stagnant and 
deciduous; lateral line scales 36—41; lateral line com- slow-moving water than in riffles, in streams of the 

plete. Digestive tract short with a single S-shaped following widths: 3.1-6.0 m (5%), 6.1-12.0 m (17%), 
loop, 0.5-0.6 TL. Chromosomes 2n = 50 (J. Gold, 12.1-24.0 m (54%), 24.1-50.0 m (22%), and more than 
pers. comm.). 50 m (2%). The low numbers of this species recov- 

Body silvery with blue-green to green on back, iri- ered from the largest rivers is not an indication of low 

descent in living fish; sides silvery, belly silvery populations as much as of its unavailability. In large 
white. Young fragile and translucent. Fins clear. Peri- waters this species is at middepths or at the surface, 
toneum silvery with brown speckles. In preserved where it is less vulnerable to the seine—hence the 
specimens, a dark lateral stripe posteriorly, vague an- low frequency of recovery from main stem rivers. The 

teriorly. emerald shiner frequents open waters. Vegetation 
Breeding male with minute tubercles on pectoral does not appear to be an important requirement— 

fin rays 2-10. No brilliant colors during spawning; many collections have been taken from areas totally 
faint rosy pigment or none. devoid of vegetation. 

SYSTEMATIC NOTES BIOLOGY 
Hubbs and Lagler (1964) recognized two subspecies: The emerald shiner is a summer spawner. Spawning 
the river emerald shiner, Notropis a. atherinoides, and may occur in Wisconsin as early as late May, and ex- 
the lake emerald shiner, Notropis a. acutus. The for- tends to the beginning of August, although the major 
mer is the typical form of large rivers and lakes; the spawning period is in June and July. Gravid females 

latter is the typical form in Lake Michigan, intergrad- appear in the lower Wisconsin River in June, and by 
ing in Lake Superior (at least about Isle Royale) with August most females are spent.
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Spawning is temperature dependent. It begins not gyrates a second or two, and then slows down as the fe- 

long after the 22.2°C (72°F) threshold temperature is male arches her side upward producing the “flash” visible 
exceeded (Flittner 1964). In southern Canada, gravid to the observer. As the pair arches together, it stops for an 
females were taken from water temperatures ranging instant, rolling over further, after which either the female 
from 20.1 to 23.2°C (68.2 to 73.8°F) (Campbell and or both sound, diving out of view. Several males were ob- 
MacCri . 1970 The 7 bst i : _ served to dart from one female at the instant of rolling and 

BC EAMNON ). The Spawning suDsital ne assume a similar mating position near another female; thus mally gravel shoals (Dobie et al. 1956), although they may repeat the process several times. 
rounded boulders, coarse rubble and sand (Campbell Emission of sex products appears to take place at the in- 
and MacCrimmon 1970), and hard sand or mud stant of rolling. However, the turbidity of the water, the 
swept clean of detritus (Flittner 1964) are also used. darkness, and the lack of a diagnostic milky color in the 
Spawning occurs offshore at night at depths of 2-6 m male spermatic fluid made verification impossible. P 8 8 Pe P Pp 
(7-20 ft), in spawning schools that may number mil- 
lions of fish in a given area. Flittner (1964:73-74) Since the spawning of the emerald shiner in any 
noted: body of water lasts for several weeks, each fish may 

The shiners first appear about 1 to 2 feet below the sur- ae wlen a eal Mature Snows cen meee 
face, milling and darting rapidly and erratically in a circular my gWO Stages (OL evelopmen (Fuchs | ). ues 
path. The smaller males appear to pursue the larger fe- and Flittner concluded that post spawning mortality 
males for a few seconds at a time. As these pairs swim of the emerald shiner is ocvereet Lewis and Clark 
about in a 10- to 20-foot circle, the male overtakes the fe- Lake (South Dakota) and in Lake Erie. 
male and presses closely on either the right or left side, in In the Wisconsin River (Richland County) on 27 
what appears to be an interlocking of pectoral fins. The pair June 1962, an age-I female 69 mm TL, with ripe ova-
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ries constituting 33% of total weight, contained an In Lake Erie (Flittner 1964), very rapid growth has 
estimated 2,990 mature yellow eggs 0.9 mm diam. been observed; it averaged 63 mm in the first year, 91 

Immature white eggs were also present—about one- mm in the second, 104 mm in the third, and none in 
fourth the number of mature eggs. A female (prob- the fourth year among the few surviving females col- 
ably age II) 75 mm TL, taken 17 July 1962 from the lected. Females were of larger average sizes at each 
Wisconsin River (Crawford County), held an esti- age than males. Also, females were longer lived than 
mated 2,040 mature eggs averaging 0.8 mm diam. males; no males with 3 annuli on their scales were 

The fertilized nonadhesive eggs sink to the bot- collected, but females with 3 annuli were relatively 
tom, where they hatch in 24-32 hr. Flittner (1964) dis- common. A small percentage of females lived to 
cussed embryonic development in detail. At hatch- spawn in the fifth summer (age IV), but none sur- 
ing the young fish is about 4 mm; at 4.9 mm the vived beyond midseason. Flittner found that nearly 
estimated age is 30 hr; at 6.1 mm, 90-96 hr; and at all of the seasonal growth occurred in 90 days from 

8.9 mm, about 11 days. Prolarvae remain near the June to September. 
bottom for 72-96 hr; during this period their swim- A large emerald shiner 124 mm (4.9 in) long 
ming movements are directionless. At about 96 hr (UWSP 2909) was collected from Lake Michigan at 
they become free-swimming postlarvae. Most are Kenosha in 1961. 
planktonic in the upper 2 m of water, and are there- Emerald shiners captured in St. Louis Bay, Lake 
fore subject to drifting with downstream water Superior, began to feed when 5 mm long, and had 
movement or wind-induced currents. The fry gather absorbed the yolk-sac by the time they were 6 mm 
in enormous schools, and may often be seen on the long (Siefert 1972). The rotifer Trichocera is the domi- 
surface in the center of a lake, where they move nant food of first-feeding fish, and, along with other 

about and feed. rotifers, it remains an important food of emerald 
M. Fish (1932) noted that in Lake Erie net tows from shiners of all sizes. Other foods selected by young up 

2 July to 20 August contained from 1 to 500 young to 12 mm long are: copepod nauplii, cladocerans, 
emerald shiners. She described and illustrated the 4.9— nonmotile green algae, blue-green algae, diatoms, 
13.5-mm stages. On the lower Wisconsin River (Grant and protozoans. 
County), young-of-year 30-37 mm TL appeared in The food of older emerald shiners consists largely 
collections taken in the middle of July. By the middle of insects, most of which are terrestrial (Dobie et al. 
of August they were 30-49 mm long; in mid-Octo- 1956). Their diet includes entomostracans, algae, 
ber, 38-60 mm long. In Lake Winnebago, young-of- small fish, fish eggs, terrestrial insects, aquatic in- 
year were 19-46 mm in mid-July; Priegel (1960) re- sects, and oligochaete worms. Studies by several 
corded 16-41-mm lengths in August, 26-51-mm workers show that, in general, the percentages of dif- 
lengths in September, and 28-53 (avg 40.1)-mm ferent foods consumed are as follows: water fleas 
lengths in October. 26.8%, algae 7.9%, water boatman 1.0%, mayflies 

A sample of emerald shiners from the Wisconsin 1.3%, caddisflies 2.1%, chironomids 9.7%, terrestrial 
River (Crawford County), collected 18 August 1966, insects 7.9%, miscellaneous insects 26.3%, fish eggs 
was aged by scales: 2.9%, crustacean debris 10.7%, and miscellaneous 

3.2%. The stomach contents of six emerald shiners 
Calculated TL at from western Lake Superior were entirely mayfly lar- 

uaa fe vae (Anderson and Smith 1971b). Alewife eggs and 
Age No. of —_— — shiner scales were taken from the stomach of one em- 
Glass Meh ANG Rang) "= erald shiner, according to Edsall (1964). 

; i a oe ei In aquarium feeding experiments, this species fed 
i 7 80.2 73-95 446 679 on the food floating on the surface (Mendelson 1972). 

uM 6 91.8 89-97 41.1 67.8 89.2 In spite of decreasing concentrations of food at the 
pxemdignteey a1 679892 water surface, it continued to remain at the surface 

—_-r for some time before moving toward the bottom to 
feed on descending food particles and on bottom 

In this mid-August collection, the first annulus was food. 

in place, the second annulus had been deposited in The emerald shiner tends to remain in the mid- 
some of the age-II fish, and the third annulus was section of deep water or on the bottom during the 
just being placed. daytime whenever the water is clear, or when there
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are waves. It seldom, if ever, penetrates below the In McCartney Branch (Grant County) the associate 
late-summer thermocline (normally from 11 to 15 m). species of 18 emerald shiner were shorthead red- 

It is typically a fish of the open waters, and most often horse (8), golden redhorse (1), white sucker (20), 

is decidedly pelagic. In summer it comes to the sur- central stoneroller (223), longnose dace (1), horny- 
face at dark to feed upon the small midges and other head chub (2), creek chub (27), southern redbelly dace 
flying insects that hover just above the water's sur- (58), bluntnose minnow (30), fathead minnow (4), 
face (Trautman 1957, Raney 1969). Studies in Lake suckermouth minnow (11), common shiner (16), sand 

Winnebago bear out these movements; daylight bot- shiner (2), yellow bullhead (2), johnny darter (18), 
tom trawling captured numbers of emerald shiners, largemouth bass (4), and green sunfish (1). 
but night trawling seldom captured this species (Prie- 

gel 1960). IMPORTANCE AND MANAGEMENT 
Differences in water temperature seem to strongly The emerald shiner is an important food source for 

influence the seasonal distribution pattern of the em- game and panfishes. It has been found in the stom- 
erald shiner. The preferred temperature of the achs of perch, smelt, burbot, lake trout, rainbow trout, 
species, as determined in a vertical temperature gra- rock bass, pumpkinseed, northern pike, sauger, and 
dient tank, was 25°C (77°F) (Campbell and Mac- white bass. Predation on emerald shiner eggs can be 
Crimmon 1970). The maximum temperature at which substantial on heavily used spawning shoals. Many 
it was captured in the White River and the Ipalco Dis- fish-eating birds, such as gulls, terns, mergansers, and 

charge Canal, Indiana, was 31.1°C (88°F) (Proffitt and cormorants, feed heavily upon emerald shiners, 
Benda 1971). whose surface-swimming habit makes them particu- 

In the spring, peak populations of emerald shiners larly susceptible to this kind of predator (Scott and 

move up Roxbury Creek (Dane County), a small Crossman 1973). 

tributary (less than 3 m wide, and rarely deeper than Emerald shiners have been seined and introduced 
1 m in the deepest pools) of the Wisconsin River into hatcheries as forage for game fishes. They live 
(Mendelson 1972). The emerald shiner, the spotfin well in fish ponds and in lakes where they have been 
shiner, and the sand shiner constitute the bulk of the introduced, but there is no evidence that such fish 
population. By mid-June, most of the fish have left will reproduce successfully in the hatchery or in in- 
Roxbury Creek and returned to the river, and the em- land lakes. At one hatchery it was noted that larger 
erald shiner and the sand shiner have disappeared adult shiners ate bass fry quite readily. 
completely from the stream; neither species has ever Emerald shiners are an excellent aquarium fish. 
been collected in Roxbury Creek during the summer Their glistening sides, unique form, and graceful 
months. movements make them attractive. 

Similar migrations occur in the fall in the Wiscon- The emerald shiner is often used for bait despite 
sin River region. Day-to-day observations indicate the fact that it dies quickly and loses its scales easily. 
that, once emerald shiners have entered a stream in It is good bait for bass, perch, and walleye. Because 
numbers, they tend to remain there for several and it is hardy in cold weather, it is a favorite bait for win- 

sometimes for many weeks. Very little movement to ter fishing. In Wisconsin it is sold as the “Milwaukee 
or from the Wisconsin River seems to occur. Mendel- shiner,” because large numbers of them were once 
son (1972) made the following observations: taken from southern Lake Michigan. 

Until the early 1950s an important bait fish in Wis- 
One interesting exception to this, however, occurred consin was the emerald shiner, commonly called the 

during the days 26 to 28 September, 1971, in Prentice lake shiner. It occurred in tremendous abundance in 
Creek. On each of these days large schools of atherinoides the waters of the Great Lakes. In the spring and fall, 
entered the stream in mid-afternoon, the upstream move- emerald shiners came inshore in such enormous 
ment of fishes continuing for several hours until early eve- schools that they darkened the water. Sometimes 

ning. Fish remained in the creek through the night. In early thése concentrations appeared for only one day and 
morning a downstream movement began and by 9 A.M. h PP y y 
most of the fish had returned to the river. On the afternoon Men ‘were gone. From 1958 to 1962 Concerta tons 
of September 26, fish moving upstream were observed to were reported in Lake Michigan at Kenosha, Milwau- 
pass a given point at the rate of twenty fish per second. kee, Port Washington, Sheboygan, Algoma, and 
During two hours of observation, an estimated 140,000 fish Manitowoc (R. Simpson, pers. comm.) 
passed this point. Fish were still moving upstream at 1730 The emerald shiner almost disappeared from Lake 
hours when observations were discontinued. Michigan in the early 1960s, at a time when the ale-
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wife population increased dramatically. It is thought traordinary change in abundance of any species in Lake 
that the shiner was unable to compete for food with Michigan. Until about 1960, it was so abundant that it was 

the alewife. Young shiners were particularly vul- regarded as a nuisance when it congregated in harbors in 
nerable since they remained inshore until midsum- spring and fall. It occasionally clogged cooling water intake 
mer, by which time their habitat was shared with huge screens of power plants and vessel engines. Statements by 

numbers of young alewives and many adult ale- residents around Lake Michigan indicate that the emerald 
. 5 shiner once provided a substantial commercial fishery for 

wives. Wells and McLain (1973:46) noted: the fish-bait market; no production records were kept how- 

The emerald shiner has undergone perhaps the most ex- ever.
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Rosyface Shiner dorsal, and caudal fins, and on body behind opercu- 

lar flaps. Light orange to orange-yellow on rest of 
body. Breeding female less highly colored; light or- 

Notropis rubellus (Agassiz). Notropis—back, keel; ru- ange on head and insertions of pectoral, dorsal and 

bellus—reddish. caudal fins, but color sometimes absent. 
Other common names: rosy-faced minnow, skipjack. Breeding male with 100 or more minute tubercles 

on upper half of head from snout to occiput; mandi- 
si ble with single file of about 12 tubercles; body scales 

rece _ above lateral line generally edged with 1-5 or more = wiry eS . rf : 
“Ole : sa aldiad Nhanehs ae tubercles; anterior 3 rays on pectoral fins tubercu- 
Le (2 —_— aes a late. Breeding female with minute and weakly scat- 

: = i TES tered tubercles on top of head, sides of snout, and 
posterior edges of body scales above the lateral line. 

Adult male (tuberculate) 66 mm, Ames Branch (Lafayette Co.), Sexual dimorphism: Pectoral fin length and width 
27 June 1960 greater in male than in female; male pectoral length 

into TL 6.9; female, 8.0. 
es Hybrids: Rosyface shiner x common shiner, rosy- 

seis ei said "aa face shiner x striped shiner, rosyface shiner x spot- 
1S wits ee boca fin shiner, rosyface shiner x mimic shiner (Schwartz 

al — ee my 1972, R. J. Miller 1963 and 1964, Bailey and Gilbert 
1960). Hermaphroditism reported several times (Reed 

Adult female (gravid) 64 mm, Ames Branch (Lafayette Co.), 27 1954). 

eee DISTRIBUTION, STATUS, AND HABITAT 
DESCRIPTION In Wisconsin, the rosyface shiner occurs in the Mis- 
Body slender, moderately compressed. Average length sissippi River and Lake Michigan drainage basins, but 
61 mm (2.4 in). TL = 1.26 SL. Depth into TL 5.6-7.1. is absent from much of the central and upper regions 
Head length into TL 4.3-5.4. Snout pointed. Mouth of the driftless area, the St. Croix River system, and 
terminal, slightly oblique, tip of upper lip almost at the northern portion of the Lake Michigan system. It 
top of pupil; mouth extending to below anterior mar- has not been reported from the Lake Superior drain- 
gin of eye; barbel absent. Pharyngeal teeth 2,4—4,2 age basin, except in the extreme eastern sector 
(but variable, with 1 or more teeth missing in outer (Michigan and Ontario). 
or inner rows on one side or both), slender, slightly This species is common in southwestern Wiscon- 
hooked; arch moderately sturdy. Eye large, into head sin, common to abundant in central Wisconsin, and 
length 2.8—4.0. Gill rakers knoblike to short, conical; uncommon to common in northeastern Wisconsin. 
up to 8. Dorsal fin slightly posterior to pelvic fin ori- Since the 1920s it has disappeared from Cedar Creek 
gin; dorsal fin rays 8; anal fin rays 10 (9-11); pectoral and from the Menomonee River of the Lake Michi- 
fin rays 12-13; pelvic fin rays 8. Lateral line scales gan drainage in southern Wisconsin. 
37-40; lateral line complete, slightly decurved. The rosyface shiner generally inhabits medium- 
Digestive tract short with a single S-shaped loop 0.5- sized, clear, swift streams; it rarely occurs in lakes. In 
0.6 TL. The gut configuration and brain pattern are Wisconsin, it was encountered most frequently in 
illustrated and described by R. J. Miller (1963). clear water at depths of 0.6-1.5 m over substrates of 

Preserved specimens silvery; olive yellow cast above gravel (29% frequency), rubble (21%), sand (15%), 
lateral stripe, whitish below. Lateral stripe narrow on mud (13%), silt (10%), clay (5%), boulders (4%), and 
caudal peduncle, but broadens to width of eye ante- bedrock (2%). In lakes it generally occurred in the vi- 
riorly. Mid-dorsal stripe well defined and ending at cinity of connecting streams. In streams it inhabited 
anterior base of dorsal fin. Dorsal scales with dark moderate to swift riffles and pools. It occurred in riv- 
edges. Fins clear. Peritoneum silvery, thickly sprinkled ers of the following widths: 1.0-3.0 m (11%), 3.1-6.0 
with dark speckles. In living fish, a beadlike, irides- m (23%), 6.1-12.0 m (23%), 12.1-24.0 m (29%), 24.1- 
cent emerald line running length of body above the 50.0 m (9%), and more than 50 m (6%). 
lateral line. Although known as a clear-water form, with tur- 

Breeding male orange to orange-red on head, bidity as a limiting factor in its distribution, strains of 
proximal part of pectoral fin and insertions of anal, rosyface shiner have developed in the Pecatonica and
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Sugar river basins in southwestern Wisconsin which before spawning was observed, the coursing move- 
are capable of withstanding considerable turbidity. A ment of the schools ceased, and they maintained a 
number of references in the literature, however, in- stationary position immediately below the upper 
dicate that highly silted water has adverse effects on riffle. 
this species, probably because it interferes with the Actual spawning began on 23 June, and continued 
sight stimuli necessary for its existence. from 25 to 28 June. The number of spawning indi- 

viduals was reduced daily, until only 10 fish were 
BIOLOGY spawning on the last day. The water temperature on 
In Wisconsin, the rosyface shiner spawns principally the first day was 24.4°C (76°F). During the remainder 
from May to June, although there is evidence that of the spawning period, the average water temper- 
some spawning occurs later. Spawning occurs at tem- ature was 26.9°C (80.3°F). 
peratures of 21.1°C (70°F) or higher (Miller 1964), Spawning occurred during bright, sunny days in a 
often above nesting common shiners and hornyhead shallow area containing nests of minnows. A school 
chubs in nests constructed by the latter. of rosyface shiners suddenly dashed into the spawn- 

Prespawning activities of the rosyface shiner were ing area, and separated into 4 or 5 groups of 8-12 
observed in a stream in New York on 10 June 1941 minnows each; each group came to rest in a nest 
(Pfeiffer 1955). A school of approximately 100 fish depression. Males and females then vibrated their 
swam a circular course through two pools and its bodies in unison, causing the water to break at the 
connecting riffle. At times a small group of about 15 surface as if it were boiling. Both sexes crowded one 
or 20 fish broke away from the main body and circled another; the sides of their bodies were in contact, but 
by themselves. The speed at which the schools they scarcely held one position during the brief 
moved was at all times uniformly swift. Three days spawning act. This thrashing and lashing about in the
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depression lasted 5 or 6 seconds, and was followed The eggs are demersal and sticky; they attach to 
by relative quiet for about 30 seconds; some min- the first object with which they come in contact. 
nows remained quiet in the depressions, while a few When an egg is placed in water, the chorion is re- 
moved to other nests. Vibration and body shaking was leased from the yolk and slowly fills with water; the 
then repeated, followed again by a short period of egg attains a size of 1.5 mm diam (Reed 1958). The 
quiet. These spawning and resting periods lasted for larvae hatch out 57-59 hr following fertilization, and 
a total of about 5 minutes. The school then dashed are 5.1 mm SL at hatching. M. Fish (1932) described 
back to its former position in the pool. After 10 min- and illustrated the 15-mm stage. 
utes, the whole procedure began again with a sud- A 20-mm young-of-year was taken 15 September 
den dash from the pool into the shallow waters of 1974 from the Jump River (Rusk County). The small 
the spawning site. Pfeiffer (1955) noted that two male size at this date suggests a late spawning, probably 
striped shiners vibrated in unison with the spawn- in August. Age-I rosyface shiners from Turtle Creek 
ing rosyface shiners. (Rock County) on 21 May 1975 were only 34-42 mm 

The spawning site of the rosyface shiner has been TL. 
described as in midstream or several inches above Rosyface shiners from the Jump River (Price 

the gravel (Hubbs and Cooper 1936, Hankinson County), collected 18 October 1969, showed the fol- 
1932), generally above the other fish of the aggrega- lowing growth: 
tion. According to Miller (1964), rosyface shiners in 

spawning schools frequently jockey for position and Calculated TL at 
make attack and parallel-swimming movements, but mn) “ne 
males never defend a fixed territory over the gravel Age No. of rn —___ —. 
as do common shiner males. Typically, males swim cess __ feb ___Avg_fenge 
back and forth, with no fixed position, over the nest ‘ os = re ae 
or in the school. Often two fish brush or butt each " 25 63.2 nee 370 56.9 
other about the head and anterior parts of the body. Ml 4 71.3 69-76 286 535 66.2 
These encounters are usually momentary, after which Reciiondicieaa ; a 662 
the fish return to their hovering activities. The paral- ——— 
lel-swim involves two fish (usually males, but possi- 
bly a male and a female), which generally move In New York, Pfeiffer (1955) found that age-I males 
upstream a few centimeters or as far as 2 m. Parallel- were larger than females, but that females were 
swimming males seldom move farther than 2-5 cm slightly larger at ages II and III. The largest female 
apart, and usually appear to be almost touching was 75 mm SL (about 94.5 mm TL); the largest male 
much of the time. The number of head butts during was 71 mm SL (about 89.5 mm TL). 
parallel-swimming behavior is high in this species. Reed (1957a) considered this species omnivorous. 

Prespawning, circular swimming behavior, similar Young-of-year 22-30 mm long preferred algae and 
to that described above, was observed on 25 May 1967 diatoms (65.5%) to insects (28.2%)—nearly a com- 
in the Yellow River (Wood County). A number of plete reversal of adult preferences, which were algae 
rosyface shiners were captured from the school; milt and diatoms 22.4% and insects 68.4%. Reed also 
was flowing freely from the vents of the males, and found that in Pennsylvania, the rosyface shiner 
the females were gravid. Seven highly colored males ceased feeding from 19 November 1953 until 19 
(62-71 mm TL, 2.24-3.00 g) had testes that repre- March 1954. During this period, the minnow had left 
sented 3-5.7% of their total weight. Eight females (66- its riffle habitat for the deeper pools and eddies. It 
78 mm TL, 2.53-3.92 g) had ovaries 14.1-19.2% of fed only to a limited extent at the time of spawning; 
their total weight, and ripe eggs 1.0-1.2 mm diam. only 5.5% of the fish examined had some food in 
At least one female was partially spent, and in two their stomachs. 
the eggs had not yet ovulated. In a spawning population from Ames Branch (La- 

In Ames Branch (Lafayette County) on 27 June fayette County) on 27 June 1950, 9 of 30 stomachs 

1960, a 65-mm female with ovaries 16% of total examined were empty, and in another 8 stomachs the 
weight held 610 ripe eggs 1.1 mm diam; an equal contents could not be identified. The remaining 
number of white, immature eggs 0.5 mm diam were rosyface shiners had eaten Diptera (culicids and chi- 
also present. A 69-mm female with ovaries 19% of ronomids), Ephemeroptera, Hemiptera, and Tri- 
total weight held 900 mature eggs. Both females were choptera. No vegetation was evident in stomach 
2 years old. contents (J. Palmisano, pers. comm.).
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Among rosyface shiners examined in New York, shiner (34+), spotfin shiner (4), redfin shiner (1), 

aquatic insects made up 72% of the total volume of and rock bass (12). A Waupaca River (Waupaca 
food, and terrestrial insects made up 25%. Vegetation County) collection produced rosyface shiner (48), 
was found in a few stomachs, and 15 stomachs con- shorthead redhorse (1), hornyhead chub (5), blunt- 
tained fish eggs which were not identified. Pfeiffer nose minnow (76), fathead minnow (3), common 
(1955) observed rosyface shiners feeding off the bot- shiner (56), spotfin shiner (33), sand shiner (7), 

tom, and also at the surface of the water. Feeding was mimic shiner (9), northern pike (2), yellow perch 
not restricted to any particular time of the day. Ac- (94), western sand darter (48), river darter (3), log- 

cording to R. J. Miller (1963), the rosyface shiner has perch (1), Iowa darter (1), and black crappie (4). 

an overall brain pattern typical of the predominantly 
sight-feeding fish. 

Rosyface shiner males and hybrid males differ in IMPORTANCE AND MANAGEMENT 
behavior from male common shiners mainly in that The rosyface shiner is often eaten by largemouth bass 
the rosyface shiners fight less for position and do not and northern pike (Cahn 1927). During the spawning 
drive away predators even slightly larger than them- season its eggs are vulnerable to the rainbow darter, 

selves. In fact, rosyface shiners exhibit a well-defined the northern hog sucker, and the stoneroller minnow 
attraction to other species during early prespawning which have been observed feeding on the eggs being 
periods when three or four individuals swim close deposited on the nest (Reed 1957b). Apparently the 
together behind breeding common shiners or creek rosyface shiner ignores these marauders. 
chubs (Miller 1964). Miller noted that the rosyface In areas where the rosyface shiner is abundant it is 

shiner is highly attracted by members of its own spe- commonly used as a bait minnow. Hundreds of rosy- 
cies, but that it is stimulated to aggression at certain face shiners were seen in one bait dealer's tanks, but 
times when companions of its own species venture a number of the fish were dead. Rosyface shiners do 
too close. Thus males are both attracted by other not keep well in crowded tanks, although they are 
males and stimulated to attack them. considered excellent bait for yellow perch, crappies, 

The rosyface shiner was a dominant species in a and black bass. 
collection from the Milwaukee River (Ozaukee The rosyface shiner is an excellent fish for the 
County). Species associated with 64 rosyface shiners home aquarium, especially when taken in breeding 
were: white sucker (1), largescale stoneroller (17), colors. It often retains its colors for a number of 
hornyhead chub (5), common shiner (69+), striped weeks.
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Redfin Shiner flushed with pink or red. Breeding tubercles, small 
and sharp, on head, branchiostegals, and most scales 
of body; only occasionally found on belly and caudal 

Notropis umbratilis (Girard). Notropis—back, keel; um- peduncle, on pectoral fin rays, and anterior edges of 
bratilis—remaining in the shade. dorsal, anal, and pelvic fins. The pattern of head 

Other common names: northern redfin shiner, red- tuberculation was figured by Snelson (1972) and 
fin, compressed redfin. Snelson and Pflieger (1975). 

Sexual dimorphism: Male significantly greater in 
head length, snout length, caudal peduncle length 

— and depth, and length of all fins (Snelson and Pflie- 
= j ger 1975). Urogenital papilla of adult female enlarged 

: “< and protruding during warmer portion of year; pa- 
Key PN ve oS eS ae pilla in male absent. 

~ ed salle ANN atl — Hybrid: Redfin shiner x red shiner (Pflieger 1975). 
S S SS 

SYSTEMATIC NOTES 

Adult male (tuberculate) 74 mm, Hutchins Cr. (Union Co.), Illi- Snelson and Pflieger (1975) danificd (ne daitenels- 
nois, 29 May 1969 ture of Notropis umbratilis and presented an updated 

synonymy. Two subspecies are recognized: N. u. um- 
bratilis, which is distributed in the Salt River drain- 
age, the Missouri River drainage, and the central 

ca Arkansas River drainage; and N. u. cyanocephalus, 

which has a complementary distribution in the cen- 
Ce) ae sabes i 2 tral Mississippi River basin and in the Great Lakes 

; io 3 basin, including Wisconsin. The two subspecies are 

“ . recognized primarily on details of pigmentation and 
tuberculation. 

Adult female 68 mm, Hutchins Cr. (Union Co.), Illinois, 29 May DISTRIBUTION, STATUS, AND HABITAT 

1969 In Wisconsin, the redfin shiner occurs in the Missis- 

sippi River and Lake Michigan drainage basins, 
DESCRIPTION where it is at the northern limit of its range. It is ab- 
Body slender to moderately deep, strongly com- sent from the Lake Superior basin. This species is dis- 
pressed. Average length 56 mm (2.2 in). TL = 1.25 junctly distributed in the lower half of Wisconsin. It 
SL. Depth into TL 4.1-5.5. Head length into TL is well established in one of the Gardner ponds in the 
5-5.2. Snout bluntly pointed. Mouth terminal, slightly University of Wisconsin Arboretum at Madison, and 
oblique, tip of upper lip at level of upper pupil; mouth has access via Murphy Creek to Lakes Mendota, 
extending to below posterior nostril; barbel absent. Monona, Wingra, Waubesa, and Kegonsa when the 
Pharyngeal teeth 2,4-4,2, slender, slightly hooked; pond overflows during times of high water (Mc- 
arch slender. Eye large, into head length 2.9—4.0. Gill Naught 1963). 
rakers knoblike to short, conical; about 8. Dorsal fin The redfin shiner is locally rare to common in slow- 
origin slightly posterior to origin of pelvic fin; dorsal moving, turbid waters of southeastern Wisconsin. 
fin rays 8; anal fin rays usually 11 (10-12); pectoral Old records (Greene 1935) indicate that it was once 

fin rays 12-13; pelvic fin rays 8. Lateral line scales present in widely isolated streams throughout the 
41-48; lateral line complete, strongly decurved. southern half of the state. It has since disappeared 
Digestive tract short with a single S-shaped loop 0.5- from a number of locales. During the early 1970s it 
0.6 TL. Chromosomes 2n = 50 (Gold et al. 1980). was eliminated from a number of sites in the upper 

Back bluish gray, sides and belly silvery, upper Rock River system (Washington and Fond du Lac 
sides often with fine V-shaped markings. Dusky lat- counties) through the widespread use of toxicants in 
eral stripe in preserved specimens. Anterior base of a carp control program. Unfortunately, no attempts 
dorsal fin with a diffuse dark spot disappearing pos- were made to save any of the redfin shiner popula- 
teriorly on base; fins dusky or unpigmented. tions prior to treatment. The redfin shiner has watch 

Breeding males dark with bluish iridescence; all fins status in Wisconsin (Les 1979).
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In Wisconsin, the redfin shiner was encountered ers with small numbers of ripe eggs, were taken from 

occasionally in clear water, but it was more fre- the same stream; although no fully tuberculate males 

quently found in turbid water at depths of 0.1-1.5 m were seen, one male still had a few tubercles and 

over substrates of silt (29%), gravel (24%), rubble scars. Cross (1967) noted that in Kansas spawning oc- 

(24%), boulders (12%), sand (6%), and detritus (6%). curs at water temperatures of 21.1°C (70°F) or higher. 

It occurred in the pool areas of low-gradient streams Hunter and Wisby (1961) and Hunter and Hasler 

of the following widths: 3.1-6.0 m (9%), 6.1-12.0 m (1965) studied the spawning behavior of the redfin 

(18%), 12.1-24.0 m (36%), 24.1-50.0 m (18%), and shiner extensively after it was introduced in 1954 into 

more than 50 m (18%). ponds at the University of Wisconsin Arboretum, 

Basically, the redfin shiner is a pool-dwelling spe- Madison. The following account is largely from those 

cies, and schools may often be seen near the surface. sources. 

In high-gradient streams with a strong base flow, It is apparent there is an intimate and widespread 

og as those ° the Ozark uplands areca a reproductive association between as — = 

this species is found most often in protected inlets and species of Lepomis. Hunter an asler have 

and in overflow pools away from the main channel. found that the release of milt and eggs by spawning 

Streams kept cool by inflowing water from springs green sunfish attracts redfin shiners to the sunfish 

are usually avoided. nests and stimulates the shiners to spawn above the 

nests. On subsequent days, some of the male shiners 

BIOLOGY return to the sunfish nests, reestablish their territo- 

In Wisconsin, spawning extends from early June to ries, and continue spawning. The role of the sunfish 

mid-August. Highly tuberculate males were cap- cannot be discounted, since the number of shiners 

tured on 15 June from Allenton Creek (Washington decreases when sunfish are removed. Hunter and 

County). On 19 August 1963 spent females, and oth- Hasler have only rarely observed male redfin shiners
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holding territories over nests unoccupied by an adult spawning. If the minnows spawn while the sunfish 
sunfish. Apparently the presence of the male sunfish is constructing its nest or is spawning, the minnow 
plays a role in the recognition of a spawning site by eggs may be protected from predators and from silt- 
redfin shiners; more shiners were attracted by milt ing until the young are free-swimming. 
and a moving latex model than by milt alone. Snelson and Pflieger (1975) have observed repro- 

The number of redfin shiners over a particular green ductive activities of the redfin shiner over the nests 
sunfish nest varies from 1 to more than 100. When of the green sunfish, orangespotted sunfish, and 
only one shiner has a territory over an isolated sun- longear sunfish in Arkansas, Ohio, Oklahoma, and 
fish nest, the territory extends 1-1.5 m beyond the Missouri. 
nest. However, the formation of very dense spawn- Hunter and Hasler (1965) never saw young or 
ing aggregations is a distinct feature of the redfin adult redfin shiners eating the eggs they or the sun- 
shiner’s reproductive behavior. Aggregations consist fish had deposited in the nest. Juvenile sunfish, on 
of a nucleus of 30-100 male redfin shiners, which is the other hand, were seen feeding on both redfin 

surrounded by a more diffuse ring of male and fe- shiner and sunfish eggs when the nests were not oc- 
male shiners. The central cluster of males extends cupied by male sunfish. Apparently sunfish moved 
from the water surface downward to within 2 or 3 in to feed on redfin eggs during spawning observed 
cm of the bottom. Males of all sizes are found at all on the South Branch of the Rock River (Fond du Lac 

depths in the cluster, but usually there are more large County) in early June 1960 (V. Hacker, pers. comm.). 
males near the bottom. Many of the male redfin A gravid female redfin shiner (55 mm TL) from the 
shiners within the aggregation defend small territo- East Branch of the Rock River (Washington County) 

ries, some only slightly larger in diameter than the on 15 July 1971 held 525 mature yellow eggs 0.75 mm 
length of the fish itself. Males that possess no terri- diam; the ovarian weight was 13% of total body 
tory move through the mass, fighting and being weight. Also present were immature white eggs 
chased by other male shiners. Males within the mass 0.25-0.5 mm diam. A 53-mm female with an ovarian 
are constantly whirling, pursuing each other, striking weight 9% of total weight held an estimated 645 rip- 
other males with their snouts, and spawning with fe- ening eggs 0.6—0.7 mm diam. 
males that swim rapidly through the aggregation. Hunter and Wisby (1961) noted that the average 

The spawning act has been described as follows mortality of redfin shiner egg samples collected from 
(Hunter and Hasler 1965:269-270): green sunfish nests is 54%. In both the redfin shiner 

Female shiners remained outside the cluster of males and the green sunfish, the postlarval stage is at- 

which were holding territories over a green sunfish nest. tained in the laboratory 7-10 days after the eggs are 
As a female swam toward the group of males, one of the deposited. 
males approached the female, aligned, and the 2 fish swam The growth of young-of-year redfin shiners in 
parallel to each other, the female often located slightly be- southern Wisconsin has been reported as follows: 
low the male. Spawning nearly always took place high 
above the nest of the green sunfish. The 2 minnows closed TL 
ranks as they swam over the nest and it appeared that No. of (mm) 
spawning was accomplished when the male executed un- Date Fish Avg Range Location 
usually wide undulations of his body against the body of “tAu. —«3.~*«<i«S:S*«T-BHS~*«Cedar Cr. (Ozaukee Co.) 
the female. Other males holding territories over the nest 10 Sept. 23 29 22-39 Milwaukee R. (Ozaukee Co.) 
frequently pursued and crowded about the spawning pair. TT 

Redfin shiners do not remain on the spawning Redfin shiners from Allenton Creek (Washington 
grounds overnight, but move on and off the site each County), collected 19 July 1963, showed the follow- 
day. The number of redfin shiners on the spawning ing growth: 
grounds increases during the morning hours, reaches 
a maximum between 1030 and 1430 hr, and gradually Calculated TL at 

decreases thereafter. TL Annulus 
The male green sunfish only rarely chase or snap Age No. of _ nm) _—_ fe 

at redfin shiners that hold territories over their nests. Glass: __Eish Avg Range u 2 3 
If species other than the redfin shiner approach 0 1 23 
the nest, however, they are immediately chased or ; 3 ae one ae ea 
threatened. The advantage to a minnow species us- Mm 1 68 36.8 524 68 

ing a centrarchid nest is that nearly all centrarchids ; 
continue to defend and fan their nests long after —Avaiwelghted) GBB. 8S
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The annulus of the year had not yet been placed in amentous algae and bits of higher plants (Eddy and 
some of the older and larger fish. Underhill 1974). 

Six age-I redfin shiners collected 6 April from Hem- In Allenton Creek (Washington County), 172 red- 
lock Creek (Wood County) averaged 41.7 (36-45) fin shiners were associated with the following spe- 
mm. In central Missouri (Pflieger 1975), the redfin cies: white sucker, central stoneroller, creek chub, 
shiner attains a length of about 28 mm (1.1 in) by the golden shiner, bluntnose minnow, fathead minnow, 
end of its first summer of life, and averages about 43 common shiner, central mudminnow, blackstripe 

mm (1.7 in) by the end of its second summer. Most topminnow, and johnny darter. 
sexually mature adults are in their second or third 
summer (ages I and II), and the life-span seldom ex- 
ceeds 3 summers. IMPORTANCE AND MANAGEMENT 

Male redfin shiners are significantly larger than fe- In Wisconsin, the redfin shiner is too uncommon to 
males. The largest male recorded was 67.4 mm SL be a useful bait or forage species. 
(estimated 84 mm TL); the largest female was 62.0 Specimens taken during the breeding season make 
mm SL (78 mm TL) (Snelson and Pflieger 1975). striking aquarium pets. In view of what is known 

The redfin shiner feeds on aquatic and terrestrial about stimuli for spawning, redfin shiners should 
insects, and on other small animal life that may be challenge the aquarist who prides himself on raising 
available. At times it seems to feed extensively on fil- his own fish.
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Common Shiner back behind dorsal fin. Fins clear. Peritoneum dark 
brown overlying a silvery background. 

Breeding males with lead blue on head and back; 
Notropis cornutus (Mitchill). Notropis—back, keel; cor- sides of body and fins pink to rose. Large tubercles 

nutus—horned. on top of head and on snout; a single row along edge 
Other common names: eastern shiner, redfin shiner, of lower jaw. Scales of back from nape to dorsal fin 

silver shiner, dace, silverside, rough-head, with small tubercles. Anterior ray of dorsal fin and 

hornyhead, creek shiner, skipjack, shiner. anterior rays of pectoral fins with well-developed tu- 

bercles. Color and tubercles lacking in females. 
Difficulties exist in the identification of the com- 

>, mon shiner and the striped shiner. For aids in sepa- 
YA = ration consult p. 523. 

Pe ii i oe Saaaa nett i 2 Sexual ra ae ei e pectoral age 

por MAT) NU Re 2 into pectoral fin length 1.41.9; female, 2.1-2.2. 

—_ Pe he = Frodus Hybrids of the common shiner have been 
> reported with the stoneroller, northern redbelly dace, 

southern redbelly dace, redside dace, hornyhead 
chub, rosyface shiner, striped shiner, lake chub, creek 

Adult male (tuberculate) 99 mm, tributary to Little Sandy Cr. chub, and longnose dace (Gilbert 1964, Greenfield et 

(Marathon Co.), 29 May 1961 al, 1973, Cross and Minckley 1960, Trautman 1957, 
Miller 1962 and 1963, Ross and Cavender 1977). In 
Wisconsin hybrids have been reported between the 
common shiner and the hornyhead chub, rosyface 
shiner, emerald shiner, and striped shiner (Wis. Fish 

r a ATV VV ac Mtoe ~ Distrib. Study 1974-1975). Hermaphroditism in a 

ial em (hasta common shiner x rosyface shiner hybrid is de- 
scribed by R. J. Miller (1962). 

SYSTEMATIC NOTES 
Gilbert (1964) revised N. cornutus and closely related 

Adult female 160 mm, North Twin L. (Vilas Co.), 18 June 1977 species, retaining the present form Notropis cornutus 

frontalis and elevating Notropis cornutus chrysocephalus 
to Notropis chrysocephalus. 

DESCRIPTION 

Body moderately deep, laterally compressed. Average DISTRIBUTION, STATUS, AND HABITAT 
length 64-102 mm (2.5-4.0 in). TL = 1.25 SL. Depth The common shiner is widespread in the Mississippi 
into TL 4.3-6.3. Head length into TL 4.3-5.3. Snout River, Lake Michigan, and Lake Superior drainage 
bluntly pointed. Mouth large, terminal, extending to basins. 
between nostril and anterior margin of eye; barbel This species is abundant, and is one of the most 
absent. Pharyngeal teeth 2,4—4,2 (occasionally a tooth common stream and river minnows. It is occasionally 
absent in outer row on one or both sides); most teeth found in clearwater lakes over silt-free bottoms. Al- 

strongly hooked; arch sturdy. Eye into head length though the population of common shiners may not 
2.8—4.3. Gill rakers short, conical to flat-topped; about be seriously threatened, Hubbs and Cooper (1936) 
9. Dorsal fin origin over pelvic fin origin; dorsal fin suggested that some thought should be given, at 
rays 8; anal fin rays 9 (8); pectoral fin rays 15-17; pel- least by bait dealers, to conservation of the species. 
vic fin rays 8. Lateral line scales 34-40; lateral line In Wisconsin, the common shiner was encoun- 
complete, decurved. Digestive tract S-shaped, about tered in clear waters (47%), slightly turbid waters 
0.8 TL; sections long and extending length of vis- (33%), and turbid waters (20%) at average depths of 
ceral cavity (see R. J. Miller 1963). Chromosomes 2n 0.1-0.5 m (53%), 0.6-1.5 m (41%), and more than 1.5 

= 50 (W. LeGrande, pers. comm.). m (6%). It occurred over the following substrates: 

Light olive dorsally with a broad mid-dorsal stripe, gravel (24% frequency), sand (23%), mud (12%), silt 
sides silvery with scattered dark scales, belly white- (11%), rubble (11%), boulders (11%), clay (4%), de- 
silver. Dark stripes on upper sides do not meet on tritus (2%), hardpan (1%), and bedrock (1%). It has
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been reported from a number of lakes and reser- or (3) use nests built by other species, such as the 

voirs, and in rivers of the following widths: 1.0-3.0 hornyhead chub, creek chub, and stoneroller min- 

m (21%), 3.1-6.0 m (19%), 6.1-12.0 m (18%), 12.1— nows, whether these are built in running water or 

24.0 m (25%), 24.1-50.0 m (12%), and more than 50 the still waters of shallow pools. Hunter and Wisby 

m (5%). It occurs at sites without cover as well as sites (1961) cited the use of smallmouth bass nests as well. 

with moderate vegetative cover. The common shiner prefers to spawn over the nests 

of other species when these are available. 

BIOLOGY When the common shiner uses the active nest of 

In Wisconsin, spawning occurs from late May to the another species, there is a commensal relationship 

end of July in stream riffles over gravelly bottoms. between the two species. Hankinson (1932) de- 

The common shiner’s abundance in some inland scribed an instance where the male hornyhead car- 

lakes suggests that it may also spawn successfully ried stones and the large shiner chased away intrud- 

over the gravel shoals of these lakes. Spawning activ- ers; they were mutually helpful, but never interfered 

ity occurs early in the season in southern Wisconsin, with each other. 

and later in the northern part of the state. Miller (1964) provided a thorough discussion of the 

According to Breder and Rosen (1966), spawning spawning activities of the common shiner. The fol- 

usually begins when the water has reached a tem- lowing description is largely derived from his ac- 

perature of 15.6-18.3°C (60-65°F). At any one local- count. In the establishment of territories, fighting oc- 

ity spawning lasts about 10 days, and is limited to curs among the shiner males. When attacking, a male 

the daylight hours. The common shiner may (1) turns toward the intruder and rushes at him; at times 

spawn over gravel beds in running water, (2) exca- the attacker tilts his head tubercles and dorsum to- 

vate a small depression in gravel or in running water, ward the intruder and butts him. Frequently, a de-
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fending fish erects his fins and tenses his body before nant male associations. The massed aggregate occurs 
turning to attack; these movements are sometimes at the beginning of the spawning period, when 40- 
sufficient to cause the other fish to flee. Mature males 100 males mass in areas about 0.6 m (2 ft) square over 

often can be found with large portions of their heads cleared gravel just above a riffle, or in a gravel 
and bodies injured and covered by fungus at the end depression, cleaned and deepened by the males, in 
of the season. less than 25 cm (10 in) of water at the side of the 

Another form of aggressive behavior seen in terri- stream where the current is slight. In such aggregates 
torial males is the parallel swim. This occurs when an all males are visibly aggressive, constantly swinging 
intruder swims into a nest guarded by a resident their heads toward one another, sometimes butting, 
male. Two males of approximately the same size biting, and chasing each other for a few centimeters. 
swim upstream into the current 25-200 mm (1-8 in) In spite of the constant activity, little more than 
apart, parallel to each other, for a distance of several 2-4 cm is cleared around each fish. Some digging is 
centimeters to 2 m (6 ft) or more. The body is always done by most common shiner spawning groups, but 
taut, with the caudal peduncle and tail often slightly it is done most frequently by the large aggregates, 
raised. The rigid movements resulting from these and in creek chub and stoneroller nest pits. Miller 
muscular contractions give the impression that their noted that spawning does not occur until the fourth 
behavior is formalized or ritualized. The males may day the aggregate has been active. 
turn and butt each other singly or in unison. After In addition to this focal spawning aggregate, other 
the terminal butt, they usually return to their original spawning groups appear in outlying clearings which 
positions, although occasionally the intruder takes are used for only a day or two at a time and then 
over the territory. deserted. Miller referred to these as dominant male 

The prespawning behavior known as “tilting” pre- associations. In such a group a dominant male lo- 
cedes all successful common shiner spawnings, and cated in the anterior nest pit. In a typical case ob- 
is one of the most prominent activities of all spawn- served by Miller, the dominant male spawned eight 
ing males. Raney (cited by R. J. Miller 1964:333) ob- times during a 5-min period, and gave 36 courting tilt 

served: displays. 
; Current speed over spawning nests can vary from 

With the female above the male and the male alternately swift to very slow, but spawning has never been ob- 
inclining himself to a semi-recumbent position first to one served in backwaters without current. Large com- 
side then the other, conditions are set for the spawning act. 5 s a 
The female dips down beside that side of the male which is mon shiner spawning aggregates occur only _ weak 
inclined toward the bottom or making the more acute currents. Females tend to prefer SPawaHng i nests 

angle. over slow rather than fast water. Territorial defense 
and spawning by the common shiner have only been 

Males were sometimes seen swimming in circles observed in nature over gravel. 
while tilting at females that were swimming away Miller (1964) stated that water temperature appears 
from the center of the territory. to affect social behavior of common shiners in at least 

In the spawning act itself, the female swims down two ways. In early spring, it seems to influence the 
behind the male, and remains there long enough for development of breeding colors and tubercles and 
him to swing his caudal peduncle over her back the beginning of spawning activities in males, and 
while he places his pectoral fin under her breast, ovulation and associated behavior in females. In very 
thereby forming a sigmoid flexure about her body. cold springs, these developments are delayed. Thus 
The two anal openings are close together for a frac- temperature may augment the developmental pro- 
tion of a second; during this time the eggs are ejected cesses controlled and coordinated by photoperiodic 
and fertilized. After the spawning clasp has been stimuli. Secondly, sharp drops in water temperature 
completed, the female immediately darts upward, often seem to inhibit social behavior to an unex- 
frequently breaking the surface. The lunge toward pected extent. A drop in temperature from 24.4 to 
the surface is almost always present, and has the ap- 16.7°C (76-62°F) halted appreciable activity among 
pearance of a reflexlike movement, perhaps a me- shiners for three days. Miller noted that fish just 
chanical reaction to the sudden violent contractions reaching peak activity continued to spawn for some 
of spawning. time after the advent of unfavorable weather, while 
Spawning common shiners are found in two seem- fish which had already spawned for several days 

ingly different types of social groups, which Miller ceased spawning; they resumed spawning only after 
(1964) called the massed aggregates and the domi- a long time had passed.
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In North Twin Lake (Vilas County) on 18 June 1977, and Trautman (1957) reported a maximum length of 

a gravid female 98 mm TL and 11.91 g, with ovaries 208 mm (8.2 in). Although common shiners seldom 
about 22% of total weight, held 3,630 eggs 1.2 mm reach age VI, the estimated greatest age recorded is 
diam. A 114-mm, 17.9 g female, also with ovaries 9 years (Van Oosten 1932). 
22% of body weight, held 3,940 eggs 1.3 mm diam. The common shiner is omnivorous in its feeding 

The demersal eggs become adhesive after water- habits; and it is also opportunistic. Its diet is divided 
hardening in about 2 min after being laid and nearly equally between plant and animal matter. In 
dropped between pebbles on the bottom of the nest the Platte River (Grant County), stomachs contained 
to which they adhere. When first laid they are orange the filamentous alga Ulothrix, mayfly, cranefly, and 
and average 1.5 mm diam (Breder and Rosen 1966). caddisfly larvae, and higher plant materials (C. Has- 

Laboratory experiments (Miller 1964) indicate that ler, pers. comm.) 
common shiner eggs stripped into small jars contain- In Iowa, Fee (1965) noted plant matter, including 
ing stream water can be fertilized by common shiner such algae as diatoms, Cladophora, Spirogyra, as well 
milt as much as 2 min later, and still result in 100% as higher plant matter, and nearly equal amounts of 
fertilization and hatching, and normal development such animal matter as Plumatella repens, Lumbricus sp., 
of the young. Such delayed fertilization enables Plecoptera, Ephemeroptera, Hemiptera, Trichoptera, 
sperm from other breeding species to fertilize the Diptera, Coleoptera, and other adult and larval in- 
common shiner eggs, resulting in hybrids. sects. In an earlier study from the Des Moines River, 

Considering its abundance and its wide distribu- the diet was 71% plants, 18% insects, 8% fish, and 
tion, little is known about the common shiner’s early 2% organic debris (Harrison 1950). The fish materials 
development and growth. This is undoubtedly simi- identified included the Topeka shiner, an undeter- 
lar to that of Notropis chrysocephalus, for which M. mined minnow, and several scales. 
Fish (1932) has described and figured a number of Breder and Crawford (1922) found that young 

stages from 6.9 to 13.2 mm. common shiners eat the same types of food as the 
Common shiners from the Wolf River (Menominee older fish. In both groups animal food constituted 

County), collected 21 July 1966, showed the follow- 59% of the diet, and vegetable plus debris, 41%. 
ing growth (M. Miller, pers. comm.): These authors found no correlation between the 

length of the fish and type of food eaten. Observed 
TL Calculated TL at Annulus in captivity, common shiners were noted to rise to the 

Age _No. of (mm) (mm) surface of the water with both the force and the grace 
Class Fish Avg Range 1 2 3 4 of a trout, although they also seemed quite adept at 
0 7 32.7. 29-35 securing food from the bottom. The percentage of 

! 3 73.3 65-83 41.2 empty stomachs in winter indicated a cessation of ac- 
if . ‘nie pee oo ee 69.0 tive metabolism during the cold season. 
IV 5 121.2 92-138 33.6 59.6 83.0 105.0 Common shiners migrate upstream from the deeper 

pools where they had wintered. Miller (1964) found 

_Avgiwsigiieg) BBB 08D that in general common shiners marked in one area 
were found in the same or a nearby area for several 

A 182-mm male, collected 18 June 1977, from North weeks after marking; in some areas (usually backwa- 

Twin Lake (Vilas County) had the following calcu- ters) fish marked in November were recaptured in 
lated lengths at the annuli: 1—46.3 mm, 2—108.3 the same areas as late as the following April, despite 
mm, 3—156.6 mm, and 4—168.9 mm. early spring rains which had several times flooded 

In southern Illinois, the average calculated TL at the entire area. 
each annulus was: 1—36 mm, 2—74 mm, 3—102 In Long Lake (Minnesota), common shiners oc- 
mm, 4—122 mm, and 5—165 mm (Lewis 1957). In curred primarily in two areas: (1) shiners under 100 

Iowa (Fee 1965), the estimated SL at each annulus for mm were usually found in shallow water, either 

the male common shiner was: 1—46.34 mm, 2—66.95 mixed in with mimic shiner schools, or in small 
mm, 3—78.25 mm, 4—97 mm, and 5—116 mm; the schools on the outside edges of mimic shiner schools; 

annulus was deposited in May and early June. Male (2) large shiners swam about in schools of 5-15 fish 
common shiners grow faster than females. This spe- 0.5-1.0 m above aquatic plants, at depths of 1-4 m. 
cies requires 2 or 3 years to reach maturity. (Moyle 1969). 

Hubbs and Cooper (1936) stated that breeding In a compilation of temperature tolerances of the 
males often attain a length of 203 mm (8 in) or more, common shiner, Carlander (1969) listed lethal highs
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up to 33.5°C (92.3°F). The common shiner in nature tropis, including the common shiner. In addition to 
adjusts to a wide range of average temperatures. its use by game fish, the common shiner has been 

Hallam (1959) noted that the common shiner asso- eaten by the pied-billed grebe, green heron, king- 
ciated with both coldwater fish (brook trout and fisher, and bald eagle. 
northern muddler) and warmwater fish (rock bass The common shiner is an important forage fish in 
and smallmouth bass). In the Wisconsin River (Grant Wisconsin, and one of the principal fishes available 
County), 255 common shiners were associated with at bait dealers. It is an attractive bait minnow for 
the following species: quillback (17), river carpsucker northern pike (especially in winter), black bass, and 
(1), spotted sucker (1), white sucker (1), central walleyes, but it does not persist well on the hook. 

stoneroller (1), creek chub (4), bullhead minnow (11), The common shiner is readily available to the fish- 

bluntnose minnow (246), fathead minnow (2), pug- erman who goes after his own bait. I have seen glass 

nose minnow (7), emerald shiner (12), spotfin shiner minnow traps, baited with pieces of bread, fill with 
(1002), spottail shiner (1), weed shiner (1), river shiner hundreds of common shiners a few minutes after set- 

(1), sand shiner (8), bigmouth shiner (1), Mississippi ting. At times, glass traps become so filled with min- 
silvery minnow (5), central mudminnow (1), grass nows that movement within the trap is scarcely pos- 
pickerel (7), northern pike (13), blackstripe topmin- sible. This method is successfully used by commercial 
now (3), pirate perch (1), yellow perch (8), walleye minnow dealers. 
(18), western sand darter (3), johnny darter (32), While fishing for trout, I have taken the common 

smallmouth bass (1), largemouth bass (8), bluegill (2), shiner a number of times rising to my dry flies; it 
orangespotted sunfish (5), black crappie (14), and often provides fishing activity when trout fishing is 

white crappie (1). slow. Larger specimens of shiners are acceptable food 

fish. 
The common shiner makes an interesting and eas- 

IMPORTANCE AND MANAGEMENT ily acquired aquarium fish. Males in breeding colors 
A laboratory experiment (Paragamian 1976b) indi- are strikingly attractive with their dark blue heads, 
cated that the common shiner is vulnerable to pre- bodies washed in pink, and paired orange fins. This 
dation by smallmouth bass. Forty-eight percent of fish is active, but it is not a very durable aquarium 
the common shiners were eaten by the bass, com- pet, since its mortality rate in captivity is high. 
pared to 21% of the hornyhead chubs and 4% of the To raise this species commercially, rearing ponds 
white suckers. These results were consistent with must be arranged to allow adult fish to swim up- 
field observations from the Plover River (Portage stream from the ponds to lay their eggs. The young 
County), in which 40% of the fish contained in the will then drift downstream and grow in the ponds. 
stomachs of smallmouth bass were identifiable as No- (Dobie et al, 1956).
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Striped Shiner SYSTEMATIC NOTES 
Until recently, Notropis chrysocephalus was accorded 
subspecific rank as Notropis cornutus chrysocephalus. In 

Notropis chrysocephalus (Rafinesque). Notropis—back, 1964, Gilbert elevated this form from a subspecies of 
keel; chrysocephalus—golden head (Greek). Notropis cornutus to specific rank, Notropis chrysoce- 

Other common names: central common shiner, com- phalus, and it is so recognized by the Committee on 

mon shiner, shiner, redfin shiner. Names of Fishes (Bailey et al. 1970). Several authors 

disagree with the change, noting that the distinctions 
are not clear-cut; these authors continue to recognize 
it as a subspecies of Notropis cornutus (Scott and 

"i — Crossman 1973, Menzel 1976, R. J. Miller 1968, Miller 
we ie and Robison 1973). 

; a see ; = In the middle and lower Milwaukee River (Ozau- 

kee to Milwaukee counties) the two species are taken 
Adult 116!rom; Miiweuikes Fi. (Gzaukes Cod; T6Sepe1972 side by side in the same collections. They are so dis- 

: : wt ph tinctive in their markings that they can readily be 
separated in the field. Aids for their identification 

DESCRIPTION follow: 
Body moderately deep, laterally compressed. Aver- 
age length 58-102 mm (2.3-4.0 in). TL = 1.27 SL. Sovsetitavarseata Striped:Shinet Comimati Shiner 
Depth into TL 4.4—4.9. Head length into TL 4.4-5.0. court 13-16 (12-19) 18-24 (16-30) 

Snout bluntly pointed. Mouth large, terminal, ex- Circumferential scales 24-29 (23-32) 30-35 (26-39) 
tending to below anterior margin of eye; barbel ab- Sims of above 7-46 (36-"48) 48-59 (42-69) 
Sent. Pharyngeal teeth 2,4-4,2, sturdy arid strongly Stripes on back Form distinct Vs Peinet meet behind 

hooked; arch stout. Eye into head length about 4.3. . 
Gill rakers short, pointed, some flat-topped or den- a kK 

tate; about 9. Dorsal fin origin over pelvic fin origin; 6 ) 

dorsal fin rays 8; anal fin rays 9 (8-10); pectoral fin / 

rays 14-16; pelvic fin rays 8. Lateral line scales 36-40; JES Att 
lateral line complete, decurved. Digestive tract S- NN pees XN 
shaped, 0.7-0.8 TL. Chromosomes 2n = 50 (W. Le- sees eee 
grande, pers. comm.). (HERES \EPe | 

Green- or blue-olive dorsally; sides blue-silver in ae] \ hel 

adults; belly white-silver. Mid-dorsal stripe promi- Bae | VQ! 
nent, broad, and slate colored. Dark, wavy lines be- Ree) ey 
tween scale rows of back, meeting on back posterior \385/ Vag 
to dorsal fin. Sides with scattered dark scales. Fins e i 
generally clear, or tinged with white. Peritoneum \ i 
dark brown overlying a silvery background. | | 

Breeding male with lead blue on head and back; i| [| 
sides pink, distal third of dorsal, caudal and anal fins W W 

pink. Large tubercles on top of head, snout, and = aS 

lower jaw. Scales of back, leading edge of dorsal fin fessFN gE NS 
with small tubercles. Anterior rays of pectoral fins i iN , PSA. 
with well-developed tubercles. Color and tubercles 4 = \ Ss ‘ 

lacking in female. <a} \f7 \W |S} 7 
Hybrids: Striped shiner x central stoneroller, Elgment pattern & ES A\ & | rS| SHA 

striped shiner x Mississippi silvery minnow, striped 7 iy y ¥ = \W 
shiner X hornyhead chub, striped shiner x com- Ii \ 
mon shiner, striped shiner x rosyface shiner (Gil- / | \ at \\ 
bert 1964), striped shiner x common shiner from Pi- \ io 

geon Creek (Ozaukee County) (reported by Wis. Fish Characters for the separation of the striped shiner and the com- 
Distrib. Study). mon shiner (Gilbert 1964:144, 170)
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[ ang Be |; [sereniba She 
| e ye, + | FOAL a ae | | [Sather 
| Pd ie Allens pb, , Ue 

Le TR FO a | Weg ha A S | ie Say ei! ERA ase Sa se +— pagar So 4 I" TERE IN EG RV Ee ET ACESS Ri eae & FN ry | Porky? of AT y p< See ee PCC fan TIER Re ERICA RRs % CP ELEY a 

mee ay Dee Dit, LI REE Bie SR et CHAS \ 
Nah ION AN Lac SS aw Me Wrst: . REE VU EP NEP Ne (ERAS SEU Ee) Noe LA Ass ys AF SLY Bway i PN AN HRS \ ASE =: ARLE 45 oe Gy SAS SW os tS 7 A RA CY RIAL n 1 fi Sart ke 7A e % NE PRINS RPS LIVER ASAIO MIE | e ACN RAR IA NRE IAS RET | 

| ABR OST Nee pee “tey EEE SEIN SESE GAR | \ ALES RGR E : 
NQF BERS F HR SED sel y he (Oe = -—}- 

| | ead TK ve ce 7 AM) Tse 
vrcnorse BE VM oe 7 BEI ASIE TES ie meer | 

(PETES PAS ERNST 

—- eran ENV CCIE a ERY os | TEST, Joa Soe: |? ro ~ 7 = Bie _# = A A Lt vt N at ) ie li ie — | 

VD sy ESS Ree ae BS | | | \ OV § Ro wy 5 v ae fs 4) | Range of the striped shiner 
: + wok ‘ LEAL Sf SS LS ee | | @ Specimens examined | nowopis rsooaphe | Yoni rip SOSA OP ( | A Wisconsin Fish Distribution Study (1974-78) ES | Ae Greene (1935) 

DISTRIBUTION, STATUS, AND HABITAT The Wisconsin Fish Distribution Study, in addition 
The striped shiner occurs in the Rock River and IIli- to reporting numerous Milwaukee River records du- 
nois and Fox river watersheds of the Mississippi River plicating the above locales, has reported this species 
basin and in the Lake Michigan basin. from these tributaries of the Milwaukee River: (16) 

Specimens examined: UWSP 211 (34) Milwaukee Pigeon Creek TIN R21E Sec 22 (Ozaukee County) 
River 0.8 km north of Grafton (Ozaukee County) 1975, and Cedar Creek T10N R21E Sec 26 (Ozaukee 
1963; UWSP 2089 (71) Milwaukee River 1.2 km north County) 1967. 
of Saukville (Ozaukee County) 1963; UWSP 2864 (1) Compared to the common shiner, the range of the 
Green Bay at mouth of tributary stream T28N R25E striped shiner is very constricted. In Missouri (Pflie- 
Sec 28 (Door County) 1962; Uwsp 3207 (11) Milwau- ger 1971), the striped shiner is not uniformly abun- 
kee River at Kletzsch Park (Milwaukee County) 1969; dant over its range, and in some streams it seems to 
UWSP 3264 (26) Milwaukee River 0.8 km north of have declined since the 1890s. The reasons for its de- 
Grafton (Ozaukee County) 1963; UWSP 3707 (11) Mil- cline are not apparent. In Ohio, Trautman (1957) pre- 
waukee River north of Good Hope Road (Milwaukee dicted that, as the waters of the state warmed up and 
County) 1970; UWSP 3762 (4) Milwaukee River 100 m became more turbid, the range of the striped shiner, 
below Range Line Road (Milwaukee County) 1970; finding such changes favorable, would expand. 
UWSP 4173 (108) Milwaukee River at County A In Wisconsin, the distribution of the striped shiner 
(Ozaukee County) 1972; UWSP 4174 (14) Milwaukee has decreased since Greene (1935) surveyed the state 
River at Highway 57 (Ozaukee County) 1972; UWSP in the late 1920s. In recent years it has not been re- 
4176 (23) Milwaukee River at County T (Ozaukee ported from Dane, Waukesha, Walworth, and Keno- 
County) 1972; UWSP 5738 (1) Rush Creek T17NR14E sha counties. Except for records from Green Bay and 
$13 (Winnebago County) 1978. Rush Creek (Winnebago County), the striped shiner
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has been collected and reported only from the Mil- fish seemed equally formidable, they swam side by 
waukee River and the lower portions of two tributar- side in a zigzag manner upstream, often for several 
ies, Cedar Creek and Pigeon Creek. The striped meters, after which they separated. Such ceremonial 
shiner occurs only in the central and lower sectors behavior determines which male will be dominant in 
of the Milwaukee River, from Waubeka (Ozaukee the spawning process that follows. 
County) downstream to Glendale (Milwaukee Spawning was accomplished in a fraction of a sec- 
County). The closely related common shiner is found ond. Preliminary to the act, the dominant male cor- 
throughout the Milwaukee River system, where it is ralled the females toward the middle of the nest, and 
more abundant than the striped shiner. then threw his body into a curve on the inside of 

The state of Wisconsin has given the striped shiner which the selected female was held always with her 
endangered status (Les 1979). To ensure its contin- head pointed upward. The spawning act is like that 
uation in Wisconsin, it is imperative that the Milwau- of the creek chub, as it was observed by Reighard 
kee River be watched; perhaps a section of the river (1910). The male is often accompanied on the nest by 
should be set aside for the protection of the striped a group of females, and undoubtedly spawns with 

shiner, since it is the only known reservoir of this several of them. 
species in the state. Hankinson noted that late in the spawning season 

In the Milwaukee River, the striped shiner occurs only small males were found with holdings, perhaps 
most frequently in clear to slightly turbid water at because the spawning beds had been occupied by the 
depths of 0.1-1.5 m over substrates of gravel (22% larger and more formidable males earlier in the sea- 
frequency), rubble (17%), boulders (17%), silt (17%), son, or possibly because the small males matured 
sand (17%), mud (6%), and bedrock (6%). It is often later than the large ones. The first explanation seems 
associated with dense aquatic vegetation. more likely, for Hankinson saw very small males 

Pflieger (1975) noted that in Missouri the striped spawning elsewhere early in the season. 
shiner frequently occurs just below riffles in a slight The development of the striped shiner was de- 
to moderate current, but is more often found in scribed by Fish (1932). Eggs and larvae were found 
nearby backwaters or short, rocky pools with little or in a tributary creek to Lake Erie on 14 June. The eggs 
no current. were 1.6 (1.45-1.9) mm diam. Upon hatching the 

larva was 6.9 mm TL. Fish described and figured 
BIOLOGY stages through 13.2 mm. 
Since the striped shiner was long considered conspe- Striped shiners from the Milwaukee River (Ozau- 
cific with the common shiner, Notropis cornutus, few kee County) collected 2 August 1963, showed the fol- 
attempts were made in the past to differentiate its bi- lowing growth: 
ology from that of the common shiner. Hankinson 
(1932), who was acquainted with the striped shiner ini Galette ennulvs 
and the closely related common shiner, reported that Age No: of SS ——— 

* . j a Class Fish Avg Range 1 2 3 4 
they appear to have identical spawning habitats and OO 
behavior. He observed the two species spawning in in ae ae eo 42.4 
territorial holdings adjacent to each other in the same fn 20 92.1 86-101 47.8 86.6 
shallows. ul 2 103.3 103-104 57.0 86.1 103.3 

The spawning season for the striped shiner in Wis- v Mae S80 Shr AUG IBS 
consin is not known. In southern Michigan, this sea- Avg (weighted) 44.5 86.6 104.1 119.0 
son extends from the latter part of May into June TT 

(Hubbs and Cooper 1936); in Missouri, from late April Both the first annulus and, in most fish, the second 
to mid-June. annulus, were deposited by early August; the third 
Hankinson (1932) provided most of the following and fourth annuli were in the process of formation. 

spawning information. Water temperature must be at In central Ohio, the annulus is placed in May (Mar- 
18°C (64.4°F) for the initiation of spawning activities. shall 1939). 

A spawning group of striped shiners seen at a Hy- In Ohio (Trautman 1957) growth, is similar to that 
bopsis (Nocomis?) nest in southern Michigan was in the Milwaukee River. Young-of-year in October are 
dominated by a large, breeding male who kept away 25-64 mm; at about 1 year, 38-89 mm; adults are 
intruding fish, while many shiners, mostly mature 76-178 mm. Specimens more than 203 mm (8.0 in) 

females, schooled closely around the male. Larger long are uncommon. The largest striped shiner re- 
males would dispossess the smaller males. Where two ported was 236 mm (9.3 in) long.
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Stomachs of striped shiners from the Milwaukee warmer waters, moving downstream in larger num- 
River (Ozaukee County) contained Hymenoptera, bers after spawning and occupying deeper and larger 
Corixidae, Coleoptera, Diptera, unidentifiable insect downstream waters in winter. Also, in Ohio the 

remains, filamentous algae, and other vegetative ma- striped shiner seems to be more tolerant of turbid 
terial. waters, silt on the stream bottom, and lower stream 

Marshall (1939) cited a study by R.C. Ball, presum- gradients. The reverse relationship seems to exist in 
ably of this species, which indicated that it is an om- Missouri (Pflieger 1971), where the common shiner 
nivorous feeder, and that food is found in the stom- occupies the warmer, more turbid prairie streams, 
achs at all seasons, although the amount of food and the striped shiner inhabits the cooler and clearer 
taken in the winter months is relatively small. A large streams of the Ozark uplands. 
portion of the diet consisted of insects, though plant In the Milwaukee River near Saukville (Ozaukee 

material was taken freely at certain times; the kind of County), 77 striped shiners were associated with the 
food depended on its seasonal abundance. following species: common shiner (151+), golden 

In Ohio (Trautman 1957), the largest populations redhorse (3), bluntnose minnow (3), largescale stone- 
of striped shiners are present in brooks and smaller roller (16), hornyhead chub (5), creek chub (2), spot- 
streams where the gradients are moderate or high, fin shiner (5), rosyface shiner (24), redfin shiner (4), 

the waters normally clear, the bottoms primarily of sand shiner (32), black bullhead (1), smallmouth bass 

gravel, boulders, bedrock, and sand, and where (1), pumpkinseed (3), longear sunfish (29), rock bass 

brush or other escape cover is present in the pools. (5), logperch (1), blackside dace (1), and johnny 
According to Trautman (1957), many adults and darter (1). 

young move downstream after the spawning season 
to winter in the larger, deeper waters of lower gra- IMPORTANCE AND MANAGEMENT 

dients; during the winter or in drought periods many Smaller striped shiners undoubtedly serve as forage 
are present in the Ohio River. Trautman noted that for game fishes. In the South, this minnow is used 
the striped shiner differs ecologically from the com- extensively as bait (Cook 1959), but in Wisconsin 
mon shiner, in that the former seems to prefer such use is practically nonexistent.
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River Shiner cies: Notropis blennius jejunus (Forbes), and Notropis 
blennius blennius (Girard). These authors assigned the 
Wisconsin populations to Notropis blennius jejunus. 

Notropis blennius (Girard). Notropis—back, keel; blen- 
nius—blenny, from the convex bluntnose pro- DISTRIBUTION, STATUS, AND HABITAT 

file. The river shiner occurs in the Mississippi River drain- 
Other common name: shiner. age basin in the Mississippi and lower Wisconsin riv- 

ers, in the lower reaches of larger tributaries, and in 

the Rock River system. In the Lake Michigan drain- 
LE age basin it has become firmly established only in 

, ee seegimegae aes — Lake Winnebago, but has been recorded nowhere 
else in the basin. It is absent from the Lake Superior 

pe a oi a = basin. 

oS — Greene (1935) published records of the river shiner 
based on the literature and on reports from Lake 

Adult 100 mm, L. Winnebago (Calumet Co.), 18 Aug. 1960 Mendota (Dane County) and from several lakes in 

northwestern Waukesha County. The origin of the 
DESCRIPTION Lake Mendota report is unknown, and probably is in 

Body stout, slightly compressed laterally. Average error. The Waukesha County reports undoubtedly 
lerigth 61-89 mm (2.4-3.5 in). TL = 1.27 SL. Depth originated with Cahn (1927), whose Notropis blennius 
int TL 5.2-6.3. Head length into TL 4.4-5.2. Snout is obviously the sand shiner, Notropis stramineus (see 
rouaded and slightly overhanging the mouth. Mouth “Systematic Notes” above). These locales have been 
sligatly oblique, reaching below anterior edge of eye deleted from the range map. 
to enterior edge of pupil; barbel absent. Pharyngeal Next to the spotfin shiner, Notropis spilopterus, the 
teeth 2,4—4,2 (a tooth is commonly absent on one or river shiner was the species most commonly cap- 
bot sides in outer row), stout, strongly hooked. Eye tured from the Mississippi River; at a number of my 
large, into head length 3.0-3.9. Gill rakers short, collection sites on the Mississippi, more than 400 
kncblike to conical, 6-9. Dorsal fin origin over pelvic river shiners were taken. In Lake Winnebago it was 
fin origin; dorsal rays 8; anal fin rays 7 (rarely 8); pec- next to the emerald shiner in abundance (Becker 
torel fin rays 13-15; pelvic fin rays 8. Lateral line 1964b). It is common on the lower Wisconsin River, 
scales 32-36; lateral line complete, only slightly de- and rare in the Rock River system. 
curved. Digestive tract short with a single S-shaped Greene (1935) collected this species well upstream 
loop 0.6-0.7 TL. on a number of tributaries to the Mississippi River 

Slvery, but light yellow-brown dorsally; silvery and lower Wisconsin River. Its current absence in 
midlateral stripe, silvery white on belly. Mid-dorsal these locales implies a loss of range in recent years 
strije well defined, surrounding base of dorsal fin. which cannot readily be accounted for. 
Lateral line not marked by paired melanophores. No The river shiner is typically an inhabitant of large 
bright breeding colors. Peritoneum silvery. rivers and river lakes. In Wisconsin, it was encoun- 

Breeding male with minute tubercles on snout, top tered most frequently at depths up to 1.5 m over sub- 
of Fead, on rays of pectoral fins and on front edges strates of sand (46% frequency), rubble (18%), mud 

of ¢orsal and anal fins. (16%), gravel (16%), and clay (5%). It has been taken 
S>xual dimorphism: Pectoral fins in male longer from a tributary stream 9 m wide, but most collec- 

and broader than in female. tions have come from sloughs, eddies, and sandbars 
of the lower Wisconsin and the Mississippi rivers. 

SYETEMATIC NOTES Several collections have been made over moderate to 
In the past some confusion has existed in the termi- swift riffles. It is taken from clear to turbid water, and 
nology referring to this species. Notropis jejunus by it is tolerant of continuous turbidity. Vegetation is 
Jorc.an and Evermann (1896-1900) and by Forbes and completely lacking to dense in its habitat. 

Richardson (1920) becomes Notropis blennius, and their 

Notropis blennius becomes the sand shiner, Notropis BIOLOGY 
stramineus. The river shiner is classified as a late spawner (Star- 

F.ubbs and Lagler (1964) recognized two subspe- rett 1951). In Wisconsin, spawning occurs from June
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__ Notropis blennius gee eee ope ae O Greene (1935) 

to the latter half of August. In Lake Winnebago, fe- A second generation of small, white immature eggs 
males were still gravid on 18 August but all were was also seen; they were generally more numerous 
spent by 29 August. In Illinois, gravid females were than the mature eggs. 
reported from the last of June to 27 August (Forbes In Lake Winnebago, young-of-year were 19-33 
and Richardson 1920). In Ohio, spawning occurs mm long by 18 August. 
over gravel and sand bars (Trautman 1957). River shiners from the Mississippi River (Grant 

Nothing is known about its spawning behavior. County), collected 24 September 1966, showed the 
The fecundity of select females taken during the following growth: 

spawning season (some may have been partially 
spent) was reported as follows: TL Calculated TL at Annulus 

Age No. of fmm) mm) 
‘Ovarian Class Fish Avg Range 1 2 3 4 

WT as 0 18 37.1 28-46 
%of No.of Egg I 20 58.4 46-64 38.4 

TL Total Mature Size UwsP. " 19 76.5 70-84 33.9 68.5 
Date (mm) WT Eggs (mm) Location No. I 9 87.3 82-92 28.1 58.4 80.2 —— ES cation NO 
18June 91 19.8% 2,840 0.94 — Wisconsin R. 2630 Vv 5 273 89-108 28.5) (624. (83.3 (93.3 

(Crawford Co.) 
13July 8911.5 3,008 «0.76~— Wisconsin R. 3024 Ava (weighted) 34.0 648 81.4 933 

(Grant Co.) 
1SJuly 71 10.4 ~——-2,270 «0.81 “Mississippi R. 3039 . 

(Grant Co.) Age-I males in August are tuberculate and mature. 
W5July 82 16.8 1,895 0.83 Mississippi R. 3039 Gravid females are generally age II and older. 
aaa ener enenTane rE enn iL) In Ohio, Trautman (1957) found age-0 river shiners
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in October 20-56 mm TL; age-I fish were 25-64 mm; zard shad (89), quillback (187), smallmouth buffalo (1), 
adults were 52-132 mm. The largest river shiner was shorthead redhorse (3), golden redhorse (7), com- 

132 mm (5.2 in) long. mon carp (2), central stoneroller (1), silver chub (1), 

The river shiner is primarily an insect feeder. In golden shiner (110), bullhead minnow (145), pug- 
mid-July, stomachs of shiners from the Mississippi nose minnow (8), emerald shiner (340), spotfin shiner 
River at Wyalusing contained Daphnia, Corixidae, (245), spottail shiner (589), sand shiner (6), mimic 

Trichoptera, Ephemeroptera, and tendipedid larvae. shiner (2), bigmouth shiner (1), brown bullhead (2), 

Algae and other plant matter as well as insects, have tadpole madtom (1), northern pike (1), white bass 
been noted from river shiners taken in the Wisconsin (119), yellow bass (4), yellow perch (5), sauger (2), 

River. walleye (2), western sand darter (5), river darter (1), 
Several adult river shiners in the Mississippi River logperch (11), johnny darter (36), smallmouth bass (1), 

collection had the acanthocephalan parasite Pompho- largemouth bass (31), pumpkinseed (1), bluegill (173), 
rhynchus bulbocolli in the intestine, with the proboscis orangespotted sunfish (8), rock bass (1), black crap- 
and bulblike neck extending through the intestinal pie (178), white crappie (14), brook silverside (118), 
wall into the body cavity. and freshwater drum (17). 

Trautman (1957) reported that in Ohio the river 

shiner usually remains in water deeper than 1 m (3 
ft) throughout the day, whenever these waters are IMPORTANCE AND MANAGEMENT 
clear; it ventures into shallower waters only at night The river shiner undoubtedly serves as forage for 
when the waters are clear, or in the daytime only predator fish. 
when they are turbid. Little is known about the river shiner. Considering 

In the Mississippi River at Wyalusing (Grant its abundance, excellent opportunities exist to learn 
County), 428 river shiners were associated with the about the basic life requirements of this fascinating 
following species: longnose gar (10), bowfin (1), giz- minnow.
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Ironcolor Shiner snout on upper lip and tip of chin; a small rounded 
or elongated basicaudal spot, subequal to lateral stripe 
and slightly, but distinctly, separated from it, extend- 

Notropis chalybaeus (Cope). Notropis—back, keel; cha- ing well out onto the caudal rays. Distinct mid-dor- 

lybaeus—iron-colored. sal stripe in advance of dorsal origin. Dorsal scale 

pockets pigmented so as to form a diamond-shaped 
scale pattern. In 1-1.5 scale rows above the lateral 
stripe the scale pockets are only lightly pigmented, 
resulting in a distinctive light streak between scales 

pe ee - of the back and the lateral stripe; melanophores lightly 

oy ' ee lining in part the first scale pockets below the lateral 

«i stripe. Breast anterior to pectoral bases naked. Fins 
clear, rays occasionally lightly pigmented. Perito- 
neum silvery with numerous dark speckles. 

Breeding males with sharp, saw-edged tubercles 
Adult 51 mm, canal, 2 km west of Grant City (Scott Co.), Mis- ringing lower jaw, which merge into a well-devel- 
souri, 9 June 1964 oped group of 8-12 tubercles at tip of slightly swollen 

symphysis. Tubercles of varying size on anterior end 
of snout, and small patches of tubercles arranged in 

ae bands on the rays of the pectoral fins. A slight 
‘z Pree growth of tubercles similar to male pattern some- 

ite ieee times seen on larger, probably older, females (Mar- 
ap Cae vonsial shall 1947). Males with orange to rose tint over the 

mi " entire body, but most intense on the dorsal and cau- 
dal fins and on the ventral surface of the caudal pe- 
duncle; in females tints on dorsal and caudal fins 
faint or absent. 

Adult 48 mm, Fox R. opposite Lock 25 (Columbia Co.), 26 Aug. 

1925 
SYSTEMATIC NOTES 

DESCRIPTION Variations in the meristic and morphometric charac- 
Body: moderately. robust: slightly. compressed. Avet ters of the ironcolor shiner in different parts of its 

yemocleratety: 7 Shgntly Pp 4 _ . ranges are treated by Swift (1970). In appearance this 
age length 47 mmx (1.8 in). TL = 1.27 SL (wilt 1970). species is easily confused with Notropis texanus and Depth into TL 4.7-5.8. Head length into TL 4.5-4.8. SPUN © SY P 
Snout blunt. Mouth terminal, oblique (about 45° to pis . 

body axis), tip of upper lip extending to level of mid- 
pupil; mouth extending below posterior nostril to an- DISTRIBUTION, STATUS, AND HABITAT 
terior margin of eye; barbel absent. Pharyngeal teeth In Wisconsin, the ironcolor shiner has been taken 
2,4-4,2, slender, hooked with long cutting edge; arch only twice—both times in headwater sectors within 
slender. Eye large, into head length about 3.0. Gill the Lake Michigan watershed, where it is at the ex- 

rakers short, conical to knoblike, and widely sepa- treme northern limits of its range. In the Midwest, it 
rated on lower limb, 6-7. Dorsal fin origin over or occurs in widely disjunct populations, generally at 
slightly posterior to origin of pelvic fin; dorsal fin rays low population levels. In lower Michigan, it is found 
8; anal fin rays 8; pectoral fin rays 12-14; pelvic fin only in the St. Joseph River drainage (Becker 1976). 
rays 8. Lateral series scales 33-34 (31-36); lateral line The two collections which Greene (1935) originally 
incomplete, with 10 or more unpored scales posteri- catalogued as Notropis texanus contained specimens 
orly; infraorbital canal interrupted above and behind of this species (Swift 1970). There were 7 ironcolor 
eye. Digestive tract with a single S-shaped loop about shiners among 41 fish collected from the Fox River 
0.6 TL. opposite Lock 25 (Columbia County), 26 August 1925, 

Back olive green, belly whitish. Dark pigment con- and 2 ironcolors among 75 from Blake Creek (Wau- 

spicuous on inner borders of jaws, floor, and roof of paca County), 9 July 1926. These are on deposit at 
mouth and on oral valve. Lateral stripe, almost diam the Museum of Zoology in Ann Arbor, Michigan (nos. 
of eye at its widest, extending onto head and around 188734 and 188735).



Ironcolor Shiner 531 

a poe tae | ff [sureripa 
rs gee? y C t ; ‘ 

soto We A eet 
| ‘ WV POX ff | | | Shee ° Vesa 

i . pipe Re } Se ye ag 

ee ky Se chat a « A tL Don a. 
LASS Cie esl . WEEN 

Re aE ah TOL Bh eer | | oe es y 
LENE Ra Fay MEE C/V SRA ne, OAR et 1 9) dexter S Le 

. 1 ee EER ee a hf MS Heed eas tetas eee ue | wap tt cea bg 
- es Saas PE ict LS eR i er Dey AP, ‘ [ SPE eat by 

TAR INA ERI err Mi Ai ante LIK SSA “| HA 
SERRE TZ ON OE AEE SO RS LP { YX 
PESTLE ASSO N SES ee) // a Wey 
See NS SIE CO) MRE AI A RRS (A of EN LS 
a pk TQ OY PSN Me oN Meee (We , er; 

BFS UN Ye SEA TEI a SV ISS RTL AS <I 

nk # AIS home I Hh RC een i RSD AT | 
NES ARSE QUIS HEN OASIS Boe Py at s! 
Re es WOE NS ERE GGA 
bY eG PLS] S| } - ENS NS ~ “4 a Ree ee it ys | 
iN eat ZA BOP ~ on 

2 | NE pee ot RNC AY ee eet yt 
| | NE - a re . \ Nt = ISS el Z a = | 

| ican er wort » \ ¢ 4 oe z p aN a re ep csr 

qr pK SHO UAL . Ps NS “<2 pe YI | 

et rele a I oy 4 aN 7 
to CP Si] MOT bie al aly) Sw Pa TY | 

a a an WY SU NR DEL : | 
pate = EP aT ote ae 1 PNW 4 

{ _ Ts GAN qs NS AN Reovnonee - 

1 [BER ES ena | | Rey? PT OS) SPP WA 6, 2A POY 
Hoof oe SS AEN SS PE aN | R Piel ionahi 

. Va (| ~~ \ - we SOR rs Sr xn ange oO € troncolor shiner 

Notropis chalybaeus | Ye ME dh “eee epee au © Literature and reports 

In Iowa (Harlan and Speaker 1956, Roosa 1977), BIOLOGY 

the ironcolor shiner has not been taken since around The extent of the ironcolor shiner’s spawning season 
the turn of the century, and may be extirpated. It is in Wisconsin is unknown. A tuberculate male was 
rare in Michigan (Miller 1972). In Wisconsin, its pres- taken from Blake Creek (Waupaca County) on 9 July. 
ence is based entirely on the nine specimens from the Other records from its northern range show that 
two collections previously mentioned; no other known highly tuberculate males and females with large eggs 
collections have been made since the mid-1920s. It is were observed as early as 30 May in Bucks County, 
probable that this species is extirpated in Wisconsin. Pennsylvania, and 7 June in Orange County, New 

Although the ironcolor shiner occurs in shallow York (Swift 1970). 
waters and in swift currents, it is primarily an inhab- In Florida, where the biology of this species is best 
itant of sluggish, acid streams in small, quiet, sand- understood (Marshall 1947), spawning occurs from 
bottomed pools with an abundance of aquatic vege- early or mid-April through the end of September. No 

tation. These pools are its preferred habitat, and are distinctive migratory movements are correlated with 
important in its breeding. spawning, which occurs in sand-bottomed pools. No 

The ironcolor shiner occurs in waters with temper- nest is built. 

atures close to the air temperature; the water is usu- Marshall described the ironcolor shiner’s spawning 

ally a few degrees cooler. Marshall (1947) noted that behavior (p. 172): 

in such waters, temperatures may: fluctuate rapidly. . .. Throughout the daylight hours of the breeding season 

The movements of this species are associated with the males chase the females about the area . . . an individ- 
changes in the stream contours and the water level. ual will chase first one female and then another, appar- 
It exhibits a general tendency to move into quiet ently selecting any ripe female that ventures nearby. . . . 
water whenever possible. Whereas sexual chasing may be observed during times of
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high water and rapid currents, the culmination of courtship shiners become an integral part of the adult schools, 

behavior has been observed only when there was little cur- which are composed of fish of many sizes, with both 

rent in the populated areas. Just prior to spawning the sex- sexes represented in about equal numbers. The com- 
ual chasing described becomes more intense. Eventually position of schools is definitely unstable: groups 

the females discontinue the ir Fetrcat from pursing! males sometimes split and sometimes unite, and there is a 
and the actual union of individuals soon follows . . . a male a 

and female swim side by side with their silvery, ventral sur- considerable exchange of members aMOns STOUps: 

faces pressed close together and their dorsal surfaces apart. Sometimes individuals Temlalty isolated, Or form small 
In such close proximity they dash quickly across the pool groups of two to five minnows. Schooling is retained 
and then separate. . . . Such a spawning behavior tends to by visual stimuli, and at night there is a partial dis- 
distribute the eggs in a broadcast manner about the pools. persal. 

The Wisconsin specimens of the ironcolor shiner 
The ironcolor shiner seems to have little affiliation to were aged by scale analysis. In the Fox River collec- 
a particular spawning area. When disturbed and tion (Columbia County) of 26 August 1925, three 
driven out of one spawning area to an adjacent site, young-of-year were 27.2 (24-29) mm TL, and four age- 
these shiners resume spawning almost immediately. I fish were 43.6 (33-48) mm TL. The calculated length 

A gravid female, collected 9 June from Scott County, at the first annulus was 29.0 mm. The two shiners 
Missouri, held 246 mature, orange-yellow eggs 0.7-0.8 collected 9 July 1926 from Blake Creek (Waupaca 
mm diam, and an equal number of immature, yel- County), were age I and 40.5 and 43 mm TL; they 
low-white eggs 0.4—0.5 mm diam. The ovaries were were an estimated 28.5 mm at the first annulus. One 
12% of the body weight. of these was a well-tuberculated male; hence matu- 

The fertilized eggs sink and adhere to sand grains rity in males may occur at age I. A 52-mm ripe fe- 
and similar particles on the stream bottom. In the male, collected 9 June 1964 from a canal near Grant 
laboratory females in breeding condition were stripped City, Missouri, was 2 years old. 
of eggs by the application of slight pressure to the Marshall (1947) noted that females, on the average, 
abdomen, a treatment often fatal to the fish. At mean are larger than males. The known maximum size is 
water temperatures of 16.7°C (62°F), the eggs hatched 51 mm SL, or approximately 64 mm (2.5 in) TL (Bai- 
in about 52-56 hr. According to Marshall (1947), the ley et al. 1954). 

newly hatched prolarvae are 2.3 mm TL. At 6 mm SL According to Marshall, the ironcolor shiner feeds 
(at the age of 30 days in aquarium-reared fish), the by sight on a variety of aquatic insects, insect frag- 
larvae—several of which have been illustrated by ments, and any other animal material small enough 
Marshall—undergo a gradual metamorphosis into to be ingested. Although the digestive tract of exam- 
the juvenile form. When they have attained 14.8 mm ined specimens showed a high percentage of algae 
TL, at age 69 days, fin development is complete or and plant detritus, with very few recognizable ani- 
nearly so, and in gross external appearance they re- mal remains, this species has the anatomy of a decid- 
semble the adult except for their size, lack of scales, edly carnivorous minnow. There is no indication that 
and lack of adult pigmentation. Swift (1970) sug- the plant materials are digested, since those found at 
gested that this growth rate is probably slower than the anal end of the intestinal tract are in the same 
the growth rate in the wild. In Wisconsin, young-of- condition as those at the anterior end. Marshall sug- 
year are 29 mm TL by the end of August. gested that the plant content was a mass of the more 

In nature, larvae of the ironcolor shiner were col- resistant plant tissues from within animals eaten by 

lected from the surface in or near the spawning the shiner. In feeding experiments in which the 
areas, where they swam in aggregations, completely shiner was given a variety of microcrustacea, on 
independent of and unattended by adults. Although which it fed voraciously, it was observed on dissec- 
it is possible that a single aggregation might be com- tion that the long, hooked pharyngeal teeth had torn 
posed of the young of one parent, it is probable, as the crustaceans into shreds and fragments, leaving 
indicated by the heterogeneous sizes within an ag- the visible plant material behind. 
gregation, that the young of several different parents The ironcolor shiner’s normal feeding activities 
and different hatching dates are intermixed. The lar- continue during the breeding season. Throughout 
vae showed a tendency to swim into the current, but the daylight hours these minnows may be seen ap- 
they had practically no ability to maintain a position proaching particles that drift by in the current; in 
in the current. Larvae occur generally in protected, sluggish pools, they may be seen ranging about in 
miniature embayments and harbors of various sorts. quest of food. Not all particles approached are taken 

Sometime after development, juvenile ironcolor into the mouth, and, of those that are, not all are ac-
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ceptable; many are soon ejected. No feeding has white sucker (9), hornyhead chub (52), creek chub (4), 
been noted at night. bluntnose minnow (16), common shiner (72), spotfin 

Since 1960, collections at the sites in Wisconsin shiner (4), stonecat (2), blackside darter (5), johnny 

where this species was once known to occur pro- darter (12), banded darter (4), fantail darter (3), 
duced the following species: from the Fox River (Co- pumpkinseed (1), bluegill (9), and rock bass (5). 
lumbia County)—white sucker (1), central mudmin- 
now (3), common carp (13), northern redbelly dace IMPORTANCE AND MANAGEMENT 
(1), bluntnose minnow (79), fathead minnow (18), In Wisconsin, the ironcolor shiner has no value as a 

golden shiner (37), spotfin shiner (17), blacknose bait or forage fish. It has been recovered in the south 
shiner (1), sand shiner (9), brassy minnow (1), black from the stomachs of the grass pickerel, Esox ameri- 

bullhead (4), tadpole madtom (20), banded killifish canus (Marshall 1947). The eggs and young are prob- 

(2), blackstripe topminnow (7), johnny darter (10), ably subject to predation by almost any carnivorous 

banded darter (2), rock bass (1), pumpkinseed (1), and fish, including the adults of their own species. Other 
brook stickleback; from Blake Creek (Waupaca possible predators are such birds as the kingfisher and 

County)—rainbow trout (1), northern hog sucker (5), the heron.



534 Minnow and Carp Family—Cyprinidae 

Weed Shiner tern for as many as 2 scale rows. Breast anterior to 

pectoral bases unscaled. Fins clear, rays occasionally 
lightly pigmented. Peritoneum silvery, with a few dark 

Notropis texanus (Girard). Notropis—back, keel; tex- speckles, to dusky. 
anus—of Texas. Breeding males with tubercles well developed on 

Other common names: northern weed shiner, Rich- top of head and snout, lower jaw, and on most pec- 
ardson shiner (the northern subspecies); Ever- toral rays; few tubercles on scales of nape to origin of 

mann shiner (the southern subspecies). dorsal fin. Breeding colors of males collected 13 May 

in Kalamazoo River (Michigan) “with strong amber 
aes wash, dorsal and caudal with strong wash of orange, 

Pro females not so bright” (Carl Hubbs cited by Swift 

¢ ee 1970). 
le ee ee Hybrid: Weed shiner x mimic shiner (reported by 

s ra cow = Wis. Fish Distrib. Study). 

Adult 51 mm, Buffalo R. (Buffalo Co.), 13 Sept. 1969 SYSTEMATIC NOTES 
Notropis roseus (Jordan) and Notropis nux Evermann 

become Notropis texanus (Girard) fide Suttkus (1958). 
DESCRIPTION If a northern subspecies is recognized, N. roseus rich- 
Body moderately robust, slightly compressed. Aver- ardsoni Hubbs and Greene becomes N. texanus rich- 
age size 51 mm (2 in). TL = 1.25 SL. Depth into TL ardsoni (Hubbs and Greene). In Wisconsin, Greene 

5.5-6.1. Head length into TL 4.8-5.3. Snout blunt. (1935) recognized the southern subspecies from the 
Mouth terminal, oblique (less than 45° to body axis), Platte River (Grant County), and the northern sub- 

tip of upper lip extending to level of midpupil; mouth species from the remainder of its Wisconsin range. 
extending below posterior nostril to anterior margin 
of eye; barbel absent. Pharyngeal teeth 2,4—4,2 (oc- DISTRIBUTION, STATUS, AND HABITAT 
casionally 1 or 2 teeth of outer row missing on one In Wisconsin, the weed shiner occurs in the Missis- 
side); slender, slightly to strongly hooked; arch mod- sippi River and Lake Michigan drainage basins; it is 
erately sturdy. Eye large, into head length 2.8-3.3. not known from the Lake Superior basin. The distri- 
Gill rakers on lower limb, 3, knoblike; in joint and on bution records indicated by Greene (1935) have been 
upper limb 4, short, conical. Dorsal fin origin slightly revised according to Swift (1970). 
anterior to origin of pelvic fin; dorsal fin rays 8; anal Greene (1935) suggested that the weed shiner 
fin rays 7; pectoral fin rays 12-14; pelvic fin rays 8. crossed into the Lake Michigan drainage basin at Por- 
Lateral line scales 34-37; lateral line complete, slightly tage. 

decurved. Digestive tract with a single S-shaped loop This southern minnow is at the northern limits of 
0.6-0.7 TL. Chromosomes 2n = 50 (Campos and its range in Wisconsin and Minnesota. It is regarded 

Hubbs 1973). as threatened in Iowa (Roosa 1977). In Wisconsin, the 

Back olive green with brassy tinge; silvery on sides, weed shiner is uncommon in the lower Wisconsin 
belly whitish. Dark pigment essentially absent from River, in the Mississippi River, and in the lower por- 
inside of mouth except for a few melanophores on tions of their tributaries. Populations are widely dis- 
oral valve. Lateral stripe, about half diam of eye at junct. Although it was quite common at one time 
its widest, extending onto head and around snout on above St. Croix Falls, the Museum of Natural History 
upper lip and tip of chin; a small square or rounded at Stevens Point has had only a single, unverifiable 
basicaudal spot subequal to lateral stripe and slightly, report since the 1960s; according to Eddy and Under- 
but distinctly, separated from it. Mid-dorsal stripe hill (1974), no specimens have been taken by them in 
distinct and expanded to a dark spot in advance of that area since the 1950s. Since 1958 I have collected 
dorsal origin. Dorsal scale pockets pigmented so as at sites in the upper Fox River watershed (Marquette, 
to form a diamond-shaped scale pattern. In 1-1.5 scale Green Lake, and Columbia counties) where Greene 
rows above the lateral stripe the scale pockets are only (1935) collected weed shiners in the late 1920s, but I 
slightly pigmented, resulting in a distinctive light have been unable to find any there. Most records 
streak between scales of the back and the lateral stripe. from the Lake Michigan basin are old, and the few 
Melanophores lightly lining the scale pockets below recent records are distributed northward (Outagamie 
the lateral stripe in a distinct diamond-shaped pat- and Marinette counties). The only recent records



Weed Shiner 535 

- , See a 
[L wing the ] eer e eta cer hp 

| se BASED ¥ = | eS / en 

| ae VF / | | ister? _, 
BTN SA! | | Yee 7 eta 

LO et ae LA BES a 5 Ut } he . Cad 

Lee PRN PEO | foo No EY PS A ff 
oy PEN Z GNI TALL epee ” NN i. 

Pegi ore ds ole Boy AE a | We ~ 

L einer ee | a PR gies 

Fo IIE YO TENE TA Ca. \ PE a 
[Chee cee : Ce. fhe SSP SS Ae ES q ON bP ER 
LOGEC SE CEI LS Ra Ae OSA | 42 (RR 

A a ee eA, LL Sed Lise. Sey f gt cr S 
BENG EAS ESSE TS J a Re 

|= Fepayse Lye Ef Ree AL Les J’ i C0 eT Ne ge 4 Ec 

dK SEY ER TTY let at | BR LY 
| rr eR RAY 4 er ae WO Oy i Ble pe Urs 

ye ey AN) * © en Ke SA NES 4 

“QAR SOS) if ROPER ¥ & 
SST RED = NASD SE im : : 

| ARAYA VEER ey S| 
| vs ESS Sy A Ee =O) os 

Ng Eat | pa OBR IAS 6 
. ME DE HP GAREY way sf 

| wrceosee BOL Py CL oP Re oaw fae Ja messin | 

PES Ape BRIN Fay 
OG ~ ~ PT RRR SOG, | 

Ve A ert ARR 4 b WwW Gas | 
SE NEY SS Ey, Gea an 

cater uate —msseson FIA Say oe" TH NYY ee « | 
Sistas Une Fa b SY At EEA «| 

bi a Ee pe 5 OS 8S TK ine ht | 

a: CALL ARS ANY © ary Rs 7 
| Vy rh’ PSN, VSL SZ WP) | Range of the weed shiner 

| (oy, 4 2 CW, Se aan Tea) | | @ Specimens examined 

; a ee cA Mi SB LS Saba | | & Wisconsin Fish Distribution Study (1974-78) 
| - | Vol i BNF EN eo | © Literature and reports 

| ON ENE nme MTD ESA TO Greene (1938) 

from southeastern Wisconsin come from the Sugar BIOLOGY 

River. In Wisconsin, spawning occurs in late June and July. 

The weed shiner must be extremely sensitive to en- Inspection of museum specimens indicates that most 

vironmental deterioration or changes, although the spawning is completed by mid-July. In the state of 

factors operating are not understood. It should be Mississippi (Cook 1959), spawning may occur from 

monitored closely in those areas where known popu- February to May. 

lations exist. In Wisconsin it has been given watch A pre-spawning age-II, 52-mm female, collected 

status (Les 1979). from the Wisconsin River on 18 June 1962, and with 

The weed shiner is an inhabitant of sloughs, lakes, ovaries 14% of total weight, held 420 mature yellow 

and the quiet or sluggish sections of medium-sized eggs 0.8 mm diam; an almost equal number of im- 

streams and larger rivers. Occasionally it is taken mature white eggs were 0.5 mm diam. A second age- 

from the lower reaches of small tributary streams; in Il female, 50 mm TL, with ovaries 15% of body 

one instance the tributary was only 1-1.5 m wide, but weight held 307 mature yellow eggs, and an equal 

the weed shiner occurs more commonly in tributaries number of immature white eggs. 

12.1-24.0 m wide. In Wisconsin, it was encountered Weed shiners from Buffalo River (Buffalo County), 

most frequently in water 0.1-1.5 m deep over sub- collected 13 September 1969, showed the growth 

strates of sand (37% frequency), mud (32%), clay presented in the table on the following page. The es- 

(11%), silt (5%) detritus (5%), gravel (5%), and boul- timated length of the weed shiner at the time of scale 

ders (5%). It occurs in waters of slow current, or deposition is 13 mm (R. Schmal, pers. comm.). 

without current. Despite the implication of its com- Age-I fish taken from Barron Flowage (Barron 

mon name, “weed shiner,” it is not always associated County) on 29 July 1976 were 32, 33, and 34.5 mm 

with weedy habitats. TL (UWSP 5567). Swift (1970) noted that the weed
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Calculated TL sucker (1), spotted sucker (1), largemouth bass (2), 
‘mi at enna black crappie (1), green sunfish (2), and johnny 

ae Norof “ka «RSA >; darter (1). In Gran Grae Creek (Crawford County), 
ee species associated with 56 weed shiners were: north- 

1 33 24 4787 aOR Lan ern hog sucker (1), white sucker (51), central stone- 

roller (530), longnose dace (3), blacknose dace (1), 

Avg (weighted) 31.30 47.1 creek chub (285), bluntnose minnow (117), common 

shiner (50), spotfin shiner (10), bigmouth shiner (146), 

shiner reaches a maximum of 70 mm SL (87.5 mm brassy minnow (5), Mississippi silvery minnow (26), 

TL) (UMMZ 163518). central mudminnow (1), grass pickerel (2), northern 

Analysis of stomach samples of weed shiners from pike (1), walleye (3), johnny darter (10), mud darter 

a slough in the Wisconsin River disclosed mostly (1), fantail darter (1), and warmouth (1). 

plant debris, including filamentous algae. Animal 

material was present, but unidentifiable. 
The weed shiner lives in midwater and is a school- IMPORTANCE AND MANAGEMENT 

ing fish. Species associated in the Buffalo River (Buf- The weed shiner’s use as a forage fish is probably 
falo County) with 141 weed shiners were: emerald low, even in those areas where numbers have been 
shiner (41), spotfin shiner (45), golden shiner (6), taken. It has no significance as a bait minnow. The 

bluntnose minnow (7), fathead minnow (39), white capture of a few specimens is a collecting event.
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Blackchin Shiner from the caudal fin onto the head, through the eye, 
around the snout, and slightly onto the chin; lateral 

stripe often forming a zigzag pattern (scales of next 
Notropis heterodon (Cope). Notropis—back, keel; heter- row above lateral line with dark bars alternating with 

odon—varying teeth (in reference to tooth num- the black marks on the lateral line scales). Basicaudal 
ber). spot small. During breeding season adults develop a 

Other common names: black-striped minnow, black- marked yellow tinge ventrally. Fins generally clear, 
chinned minnow, shiner. except for rays edged in dark pigment. Peritoneum 

silvery, with brown speckles, to dusky. 
Breeding male with fine tubercles on top of head 

and upper surface of pectoral fins. 
= Sexual dimorphism: In male pectoral fin length 

ie - into SL 5.7; in female 6.8. 

a) ee i Nb eases 
Be a = —— DISTRIBUTION, STATUS, AND HABITAT 

— The blackchin shiner occurs in the Mississippi River, 
Lake Michigan, and Lake Superior drainage basins in 
Wisconsin. In the Mississippi basin it is generally ab- 

Adult male 65 mm, Lac Vieux Desert (Vilas Co.), 18 June 1977 sent from the unglaciated region. Its range is closely 

associated with glacial lakes and streams. In the 
preparation of the range map, I have followed the 

» revisions noted by Swift (1970) for the upper Fox 

= River materials deposited by Greene (1935) in the 
Pan ae University of Michigan Museum of Zoology. 

o_o — The blackchin shiner is rare in North Dakota, and 

er = endangered in Pennsylvania and South Dakota (Miller 
= : 1972). In Minnesota, the species has vanished in 

many places, probably as a result of increased silta- 

tion and accompanying turbidity (Eddy and Under- 

Adult female 67 mm, Lac Vieux Desert (Vilas Co.), 18 June 1977 hill 1974). In Iowa, it is probably extirpated, since it 

has not been collected for many years (Harlan and 
DESCRIPTION Speaker 1956). It quickly disappeared from Ohio 
Body robust, only slightly deeper than wide. Aver- when waters became turbid and the bottom silty, or 
age length 56 mm (2.2 in). TL = 1.26 SL. Depth into when vegetation vanished (Trautman 1957). In Illi- 
TL 4.1-6.7. Head length into TL 4.2-5.0. Snout nois it is rare (Lopinot and Smith 1973). 
bluntly pointed. Mouth small, terminal, oblique In early Wisconsin the blackchin shiner was abun- 

(about 45° to body axis) and extending below anterior dant. Cahn (1927) reported schools numbering 200 
margin of eye; barbel absent. Pharyngeal teeth vari- individuals from Waukesha County lakes like Oco- 
able, 1,4—4,1 or 4—4, strongly hooked, with well-de- nomowoc, La Belle, Golden, Keesus, Pewaukee, and 

veloped cutting edge; arch stout. Eye large, into head Pine. Although still present in several of these lakes, 
length 2.5-4.0. Gill rakers short, conical, up to 8. it is greatly diminished in numbers. It was reported 
Dorsal fin origin generally directly over origin of pel- as one of the most common species during 1913-1914 
vic fin; dorsal rays 8; anal fin rays 8; pectoral fin rays in Lake Wingra (Dane County) (Noland 1951); today 
12-14; pelvic fin rays 8. Lateral scales 31-38; lateral it is extirpated there. In Wisconsin, the blackchin 
line incomplete to complete or interrupted, slightly shiner still appears secure in the northern counties, 
decurved; breast scaled at least in part. Digestive tract where it is common in lakes and bog ponds; else- 
S-shaped, 0.7-0.8 TL; all three segments running the where it has been reduced or eliminated. This glacial 
full length of body cavity. relict bears close watching. 

Silvery over a background yellow dorsally, and The blackchin shiner inhabits glacial potholes and 
whitish ventrally. Scales immediately above the dark lakes, and streams which are usually lake outlets or 
lateral stripe lack dark edges, producing a marked inlets. In Wisconsin, it was encountered most fre- 
light streak, but all scales above this are edged in pig- quently in clear to slightly turbid water at depths of 
ment. Lateral stripe dark and distinctive, extending 0.1-0.5 m, and less commonly in deeper waters. It
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was found over substrates of sand (30% frequency), County) on 8 August, held 705 mature or maturing 
gravel (21%), mud (18%), silt (14%), boulders (7%), eggs 0.5-1.0 mm diam; the ovaries were 16% of body 
detritus (4%), clay (2%), rubble (2%), and marl (2%). weight, and contained 2.5 times as many immature 
Lakes were preferred, although it occurred in quiet white eggs, 0.2-0.4 mm diam as mature or maturing 
streams of the following widths: 1.0-3.0 m (33%), eggs. A 55-mm, 1.47-g female, collected from Pewau- 
3.1-6.0 m (17%), 6.1-12.0 m (25%), and 12.1-24.0 m kee Lake (Waukesha County) on 5 August, held 1,070 
(25%). It is associated with sparse to dense vegeta- mature eggs 0.8-1.1 mm diam in ovaries 20% of the 
tion. body weight; the number of mature eggs was greater 

than the immature eggs, which were 0.3-0.5 mm 
BIOLOGY diam. 
In Wisconsin, spawning occurs from June to August. Nothing is known about the spawning habits and 
Gravid females were collected in many samples taken the early development of the blackchin shiner. Young- 
through 9 August, and inspection of ovaries indi- of-year in the Chippewa River (Sawyer County) were 
cated a wide range in egg development. This sug- 33-33.5 mm on 1 October. 
gests that, for one individual, spawning probably ex- Blackchin shiners from Spider Lake (Marinette 
tends over a period of several weeks. County), collected 15 June 1963, were aged by anal- 

On 15 June in Spider Lake (Marinette County), a ysis of the scales, and showed the growth presented 
female 61.5 mm, 2.46 g, with ovaries 17% of body in the table on the following page (K. Oliver, pers. 
weight, held 675 mature or maturing eggs 0.8-1.2 comm.). 
mm diam; the immature white eggs, which were not A collection of blackchin shiners taken from Lake 
counted, were 0.3-0.7 mm diam. A 54-mm, 1.66-g Poygan (Winnebago County) 8 August 1963 con- 
female, collected from Lake Poygan (Winnebago tained 34 age-II fish, 45-54 mm TL, with these esti-
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Calculated TL at and flying insects (mostly small Diptera) taken at the 

mm) aa surface. Among the Cladocera, Chydorus, and Bos- 
Age: Novel We ewe TSS mina were the main genera consumed—400-700 oc- 
ee curring per 10 stomachs in June and July. Some of 
‘ a pls es 4 6 the larger Daphnia were taken in August. Some fila- 

mm 8 635 61-67 300 466 578 mentous algae and diatoms were present in mid and 
late summer. 

_Avetweighted) 88S SB Little is known about the ecological requirements 

. of the blackchin shiner. It has been observed that 
ma tengths iar Condition te scioe blackchin shiners are abundant in Lake Itasca (Min- 

indivi tual was r 99 (15 6-2.31) Sk nesota) for several years, and then become rare for 
In Ohio (Traut : 1957 a f in Octob several years, before becoming abundant again (Eddy 
ee ane I : P wen on am e a a and Underhill 1974). These fluctuations seem to cor- 

aia VO TTY, ABE) HSH Were co- 1 TUM, i relate with rising and falling water levels caused by 
agus were eet iam. THE langest specimen taken differences in annual rainfall. High and stable water 
Wie i ean fein) ey. Bepine leaned Beall (ee levels are followed by population increases 
noted that the blackchin shiner is sexually mature at This shiner is able to withstand severe depletion of 

one eae ou Speewnrieseerenell ye 4 , dissolved oxygen under the ice. Some blackchins sur- 
The intestinal contents of 16 blackchin shiners vived in a Michigan lake in which the approximate 

7s Lake: Foygan in Jay squealed hydrechinds, oxygen concentration in the upper 0.3-1.2 m (1-4 ft) 
iptera larvae and adults, a Hymenoptera adult, Tri- of water was 0.2-0.0 ppm (Cooper and Washburn 

choptera, Ephemeroptera, a tubificid, leeches, a glo- 1949) ~ P 
chidium, unidentifiable vegetable matter, small Asa result of high (38°C or 100.4°F) water temper- 

means, andl wepris (D. eget pn ST ane atures in a shallow Michigan pond, a large number 
Maclicdis Shi 3 fal a * mf - nor E to of fish perished. The greatest mortality occurred in 

acschin, Sturiers) 160) most requently Upon, Ente the umbrid, catostomid, cyprinid, ictalurid, and per- 
mostraca, followed by insect larvae, Hyalella, Physa cid groups, and the blackfin shiner was among the 
(snails), and leech cases (Placobdella parasitica). BBBRES kille d in large numbers (Bailey 1955) 

Similarly, the intestinal tracts of blackchins taken Scat “foGE bach hin shiners wee collecte d from 
from the Madison lakes (Pearse 1918) contained cla- Halls Crock. (Florence County) along with the white 
docerans (33.4%), copepods (11%), insect larvae pu- sucker (2), blacknose dace (3), bluntnose minnow (88), 
pae and adults (26%), oligochaetes (2.1%), rotifers common ‘shiner (96) blacknose shiner (2) brassy 
(22%), plant temams O.7'), algae (72); debris minnow (3), black bullhead (2), central mudminnow 
@.1%), and Sand (20%), Featse implied that _ (7), largemouth bass (1), and mottled sculpin (1). 
scarcity of ostracods and oligochaetes in the diet in- 
dicated that the blackchin does not feed on the bot- 
tom, and that its food is found on aquatic vegetation. IMPORTANCE AND MANAGEMENT 
In two New York samples (Rimsky-Korsakoff 1930), The blackchin shiner undoubtedly is a desirable for- 
plants, including the algae Oedogonium and Spiro- age minnow for many game fishes, although its im- 
gyra, constituted 90 and 70% of the intestinal con- portance may be minimal due to its low numbers. 
tents. Occasionally this minnow is sold as a bait minnow, in 

According to Keast (1965), in Ontario the blackchin a bag mixed with other minnows. Cahn (1927) noted 
shiner is a very specialized feeder; the overwhelming it as a hardy bait minnow that was much used for 
bulk of the food found in stomachs was Cladocera “silver bass” fishing.
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Spottail Shiner SYSTEMATIC NOTES 
Hubbs and Lagler (1964) recognized two subspecies 
from Wisconsin: the northern spottail shiner, Notropis 

Notropis hudsonius (Clinton). Notropis—back, keel; hudsonius hudsonius, from the Mississippi River and 

hudsonius—named from the Hudson River. Lake Superior drainage basins, and the Great Lakes 

Other common names: spawneater, spottail minnow, spottail shiner, Notropis hudsonius subspecies, from 

spottail, sucking carp, shiner. Lake Michigan and its tributary waters. The two are 

separated in the northern spottail shiner by the 
larger, more intense caudal spot and the full comple- 
ment of teeth (2,4—4,2), and in the Great Lakes spot- 

tail shiner by the smaller, more diffuse caudal spot 
and the absence of one inner row tooth on one or 

Tt an : i eiecacar both sides. 

DISTRIBUTION, STATUS, AND HABITAT 
The spottail shiner occurs in the Mississippi River, 

5 a Lake Michigan, and Lake Superior drainage basins in 

pete mm, mouth of tributary to L. Michigan (Door Wisconsin. It is well distributed in the shallow water 
evenly of the Great Lakes and the boundary rivers, and has 

its greatest inland distribution in the Wisconsin 

DESCRIETION River, the Rock River, and the Fox and Wolf river sys- 
Body moderately robust, laterally compressed. Length Lenn. 

51-76 mm (2-3 in). TL. = 1.28 SL. Depth into TL In Iowa, the spottail shiner was once the most nu- 
aiaeietey length anto TL Av7=9.7. Sriout bluntly merous minnow in the larger natural lakes, but its 

noccides Gad peajectng sheney beyond upper lip. numbers seem to have become depleted from com- 
Mouth small, nearly horizontal, extending to below mercial exploitation (Harlan and Speaker 1956). In 

BIGGHOE MAATEIN Ct see barb? absent, Pharyngeal Wisconsin, it is locally common in very large inland 
teeth. 24-22, bul highly Wanable in odtes Bim (font lakes, in Lakes Michigan and Superior, and in large, 
0 to 2); teeth broad at base, flat, hooked; arch heavy. slow-moving rivers such as the lower Wisconsin, the 
Eye. large, into head length 2.5-4. Gill rakers short, Mississippi, and the St. Croix 
conical, up to 9. Dorsal fin origin directly over origin The spotiail shiner 7g a big FVeE big lake minnow 

of pelvic fin; dorsal fin tye 8; anal fin rays 8 (7); Bec that is found in the quiet water of river sloughs and 
toral fin rays 13-15; pelvic fin rays 8. Lateral line in water with moderate currents. In Wisconsin, it 
scales 36-41; lateral line complete. Digestive tract was encountered in inland water of varying clarity at 

short, S-shaped, 0.6-0.7 TL. . . depths of 0.1-1.5 m over substrates of sand (39% fre- 
Silvery over pale olive dorsally, sides silvery, belly quency), gravel (20%), mud (13%), silt (13%), rubble 

silvery white. Fins clear, except for black spot at base (6%), hae dpan (3%), bedrock (3%), boulders (1%), clay 

of caudal i which as; MiGs cOngpicuous ton small (1%), and detritus (1%). It occurred in streams of the 
fish, but in larger fish becomes somewhat hidden by following widths: 1.0-3.0 m (5%), 3.1-6.0 m (5%), 6.1- 
the silvery pigment of the scales; size of caudal spot 12.0 (5%), 12.1-24.0 m (45%), 24.1-50.0m (22%), and 

about the oe of whe pape ‘oF the SYS: No bagnt more than 50 m (18%). It is found in or near areas 
colon dunsig Drseding Beeson. PEMionenmN sively with sparse to moderate amounts of vegetation. In 
neath scat teed dats chramatap Gis, Lakes Michigan and Superior it occurs in shoal wa- 

: Receding deals avith email tubers cm KOE wed ters (reported to depths of about 46 m in Lake Mich- 
sides of head, on scales of back (up to 10 tubercles on igan) 
posterior edge), on first 7-10 rays of pectoral fins, , 
and occasionally on branchiostegal rays. Female mi- 
nutely tuberculate on top of head, with tubercles BIOLOGY 
continuing on back to dorsal fin. In inland waters, spawning generally occurs in late 

Sexual dimorphism: In male the distance from the May and early June. Spawning migrations up the 
end of the pectoral fin to the pelvic fin origin is usu- tributary streams of Green Bay (Sugar Creek, Door 
ally less than half the pectoral fin length; in female, County; Red River, Kewaunee County; and Little 
the distance is usually more than half the pectoral fin Suamico River, Oconto County) have been noted 
length. from early June, although in some years these migra-
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tions may begin in late April (R. Simpson, pers. appeared to be a spawning run. The stream, 1.2-3.1 
comm.). In southeastern Lake Michigan, spawning m (4-10 ft) wide and up to 0.45 m (1.5 ft) deep, had 
normally occurs from late June to late July, but follow- a moderate current and a gravel bottom. Both males 

ing a cold spring it is delayed and occurs from mid- and females were in ripe condition. 
July to late August or early September (Wells and Details of spawning behavior are not clear. Greeley 
House 1974). Data indicate that spawning is either and Greene (1931) observed a large number of indi- 

prolonged, or that the time of spawning varies viduals milling around in a close group in a small 
greatly from year to year in a given body of water, brook tributary to the St. Lawrence River. The fish 
depending on the seasonal weather. were actively spawning, and eggs were later found 

In Iowa, Griswold (1963) noted that although most to be numerous in the sand. With one scoop of a 
spawning occurs in late May and early June, a few 2-m seine, Greeley and Greene collected 3 liters of 
spottails apparently spawn in August. The water spottail shiners. 
temperature at spawning is unknown, but ripe indi- In Lake Michigan, spawning was observed at a 
viduals were observed in probable spawning areas depth of 4.6 m, above a water intake crib which was 
when the temperature was 18.3°C (64.9°F) (Mansueti located where the bottom depth was 9.1 m (Wells and 
and Hardy 1967). House 1974). Several females were seen depositing 

Spawning occurs in closely packed groups or eggs in patches of Cladophora, about 4 cm high, grow- 
massed aggregations over areas of gravelly riffles ing on the crib. An estimated 500-1,000 males and 
near the mouths of brooks, or along the sandy shoals females, most apparently ripe, were above and in the 
of lakeshores. There is no evidence of nesting. Thou- Cladophora. 
sands of spottail shiners were observed milling about From the aforementioned Sugar Creek collection, 
in Sugar Creek (Door County) on 6 June 1962 in what a mature, partially spawned age-V female, 124 mm
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TL and 18.26 g, with ovaries 8% of body weight, held ie 
1,090 ripe eggs, uniform in size at 1.0 mm diam. Im- No.of mm) _ ; 
mature eggs (many more than the number of ripe P#e_ Fish Avg Range Location 
eggs), averaging 0.6 mm diam, appeared in a cluster 13 July 1962 8 33.6 29-41 Wisconsin R. (Grant Co.) 

a, 5 2 17 July 1962 42 44.4 29-48 Wisconsin R. (Crawford Co.) 

in the dorso-anterior portions of the ovary. 19 July 1960 34 30.3 20-35 —_L. Poygan (Waushara Co.) 
A 127-mm, 22.66-g female, collected from Little 23 July 1960 46 35.7 28-39 _L. Poygan (Waushara Co.) 

Suamico River (Oconto County) on 9 June 1962, held 8 Aug. 1961 3947.2 42-52___L. Poygan (Waushara Co.) 
4,640 ripe eggs, 1.1 mm diam, in ovaries comprising 
15% of the body weight. There were approximately 
as many ripe eggs as immature eggs, the latter TL Calculated TL at Annulus* 
0.7 mm diam. This female was estimated to be 3 age novor mM tom) 

years old. Class Fish Avg Range 1 2 3 4 5 

Ten mature females from Lake Michigan, 97-131 I 3 oe fone ae 083 
mm long and ranging in age from II to V, contained il at 09:2 Seite 608 949 Too” 
915-3,709 mature eggs (Wells and House 1974). The \V 1 124 68.6 1129 119.6 124 
number of eggs generally increased with the length v 1 124 BBs) 10N8 Mash 116. “12g 
of the fish. The largest number of eggs, 8,898, was Avg (weighted) 63% 860 100% «120. a8 
reported from a female taken from Lake Erie. th ale ei et ee 

. 4 S *In most individuals the annulus for the year of capture had not been 

M. Fish (1932) described and figured the 5-mm and placed. This sample was part of a spawning population; predominantly 
14.25-mm stages, and described the 19.0-mm stage. male. Five individuals, 110-124 mm, were female. 
Mansueti and Hardy (1967) illustrated the 27.5-mm 
stage. There is a correlation between the water tem- end of each year of life were: 1—males 62, females 
perature during embryonic development and the 63; 2—males 95, females 97; 3—males 108, females 
number of vertebrae appearing in the embryo. Hubbs 114; 4—males 117, females 123; and 5—males 129, 
(1923) concluded that in Douglas Lake, Michigan, the females 131. 
largest young in the coldest temperatures had the Annulus formation is generally late. In Iowa, year- 
highest average number of caudal vertebrae, whereas ling spottails did not develop an annulus until mid- 
the intermediate and smallest young which were July (Griswold 1963). In Minnesota, the first annulus 
hatched during a much warmer period had a lower forms in late June, but later annuli form in the second 

average number of vertebrae. Scott and Crossman week of July after spawning (L. L. Smith and Kramer 
(1973) submitted limited data which suggest that 1964). Female shiners tend to have higher condition 

western populations in Canada have a higher num- factors than males, but the difference is not signifi- 
ber of vertebrae than eastern populations. cant. 

After hatching, the growth of the spottail shiner is Apparently spottail shiners do not mature until 
dependent on temperatures. In Iowa during 1957, they are over 66 mm at the spawning season. In Clear 
the daily increment in the size of the young from 24 Lake (Iowa), they may mature at age I (McCann 
July to 28 August was 0.68 mm, at a mean air tem- 1959). In Lake Michigan, 53% of the males and 40% 
perature of 26.8°C (80.3°F); in 1961, growth was only of the females at age I, and all fish at age II, were 
0.55 mm, at a mean air temperature of 21.7°C (71°F) mature (Wells and House 1974). 
(McCann 1959). In Lake Michigan, the growing sea- A Wisconsin specimen 137 mm (5.4 in) long was 
son begins as early as mid-May, and continues as late captured from Lake Monona (Dane County) in 1977 
as September or early October (Wells and House (C. Brynildson, pers. comm.). 
1974). Stomach contents of spottail shiners from Sugar 

Scale platelets begin forming when the young are Creek (Door County) consisted of Diptera larvae, 
14 mm long, but no circuli appear until the young mayfly larvae, spiders, ants, algae and other plant 
reach 20 mm TL (McCann 1959). materials, debris, and sand (M. Kosmerchock, pers. 

In Wisconsin, the growth of young-of-year has been comm.). Cahn (1927) reported that 80% of the food in 
observed as shown in the table at the top of the next stomachs of fish from southeastern Wisconsin was 
column. animal matter—mostly entomostracans, and occa- 

Spottail shiners from Sugar Creek (Door County), sionally young mollusks. In Clear Lake (Iowa), 
collected 6 June 1962, showed the growth presented McCann (1959) noted that spottails fed on a wide va- 

in the second table in the next column. riety of materials, which included water mites, Dip- 
In Lake Michigan (Wells and House 1974), the cal- tera larvae and adults, Trichoptera larvae, Cladocera, 

culated total lengths (mm) of spottail shiners at the grass seeds, and plant fiber.
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McCann also noted that in several cases spottails ft) of water; the angler was fishing off the bottom with 
from a single seine haul showed considerable varia- gall wasp larvae (Black 1945b). 
tion in their feeding. In one sample, some of the In Lake Michigan, considerable yearly movement 
spottails had fed almost entirely on surface orga- has been noted for this species. Wells (1968) pre- 
nisms, others had fed almost entirely on plankton or- sented evidence that the spottail shiner seeks out 
ganisms, and a third group had fed almost entirely water from 13°C (55.4°F) to the warmest available, 
on bottom organisms. Further study in the same lake and that there is a tendency for the fish to move with 
(Griswold 1963) showed that spottails tended to be the warmest layer of water wherever it lodged. Con- 
selective in their choice of food; all food in the stom- siderable yearly movement has been noted in this 
ach and the intestine of the same fish was similar. species. From February to April, it is irregularly dis- 
Griswold reported a distinct feeding period just be- tributed to depths up to about 46 m, with greatest 
fore sundown. numbers at 5.5-31 m. By early May a definite shore- 

In an intensive study of the food habits of the spot- ward movement is evident, and from the end of May 
tail shiner in Red Lakes (Minnesota), L. L. Smith and to the end of August this species is seldom caught at 
Kramer (1964) found that food selection definitely depths greater than 12.8 m. By mid-October spottail 
changed when the size of the fish increased. This shiners scatter into water as deep as 31 m. 
change became evident at about 70 mm TL. Cladoc- Spottail shiners in Lake Michigan off Grand Ha- 
era, Copepoda, and Ostracoda were the most im- ven, Michigan, were concentrated in the warmest 

portant foods in the smaller fish, but in fish larger water available during mid-September trawls (Brandt 
than 70 mm, insects predominated. Rotifers and al- 1978). More were captured in water of 15-20°C 
gae were eaten by a significant number of fish only (59-68°F) than at any other temperature. 
in the size group below 10 mm. Fish larger than 49 Some spottail shiners have been observed in water 
mm TL ate spottail shiner eggs; 33.3% of the largest at 35°C (95°F) (Trembley 1960), although juveniles 
fish (110-117 mm) ate spottail eggs. Smith and Kra- suffered 100% mortality when they passed into the 
mer reported algae in stomachs of the very young; lower end of a discharge canal from a nuclear power 
otherwise plant materials were not noted in the diet. plant where water temperatures were greater than 
The spottail shiner consumed only certain groups of 30°C (86°F). 
bottom organisms; although oligochaetes and clams In Green Bay, extensive bottom trawl explorations 
larger than 4 mm were present in substantial num- caught spottail shiners in nearly a quarter of all trawl 
bers, they were not eaten. drags. They were most abundant at the 9-m interval, 

In Lake Michigan (at the mouth of the Kalamazoo and 97% were taken in 22 m or less (Reigle 1969a). 

River), a number of spottail shiners had eaten alewife The largest catch was 59 kg (130 Ib) in a 20-min drag 

eggs, and one 76-mm (3.0-in) shiner held 125 alewife at a depth of 13 m south of Oconto. 
eggs (Edsall 1964). Many of these shiners had also Heavy infestations of the plerocercoid of Ligula 
eaten shiner scales. It has also been reported that (tapeworm parasite) have occurred in the body cavi- 
larger spottails eat both their own eggs and their ties of large adults from the Red River outlet (Kewau- 
young; it is this habit that has led to the name nee County) and Green Bay. Infected specimens are 
“spawneater” for this fish. usually collected near colonies of terns, which have 

In Lake Poygan (Waushara County), a broad and been reported as definitive hosts to the parasites. 
shallow lake, the spottail shiner was not encoun- * 
tered in the breakwater or shallows areas, but in the a 
open water well out in the lake near patches of Scir- a 
pus sp. Most spottails were taken from the open lake eo 7% , = ’ 
beyond the last emergent vegetation, in water 0.6- coe OT dia \ > | 
0.9 m (2-3 ft) deep, where they were captured along sae nt m the 4 7 

with white bass, yellow bass, redhorse suckers, and BS Naeiitg< Pe 4 
yellow perch. a . : 

The spottail shiner is more susceptible to capture gcse a 
by night seining, since it has a tendency to move into ; 
shallower water at night (McCann 1959, Scott and 

Crossman 1973), although Hubbs (1921) noted move- | 

ment into deeper water at night. In winter it was Open abdominal cavity of a spottail shiner showing Ligula 
caught through the ice on Lake Mendota in 15 m (50 parasites in situ
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Two hundred six large spawning spottail shiners pike and yellow perch for food (Hunt and Carbine 
were collected from Sugar Creek (Door County) near 1950). 

its mouth into Green Bay on 6 June 1962. Species as- The spottail shiner is considered a bait minnow of 
sociated with it were: white sucker (5), creek chub high rank. It has been used in different parts of the 
(6), pearl dace (1), longnose dace (43), blacknose dace country as bait for yellow perch, bass, northern pike, 
(32), common shiner (6), blacknose shiner (1), sand and walleye; in New York it is also a popular muskel- 
shiner (1), bluntnose minnow (32), fathead minnow lunge bait. The spottail’s bright, silvery color makes 
(8), hornyhead chub (3), northern pike (1), black it attractive; it is active and vigorous on the hook, and 
bullhead (2), central mudminnow (1), brook stickle- swims clear of the vegetation. Its reputation for har- 
back (3), and barred fantail (1). diness varies. 

The spottail shiner has been found to be a useful 
IMPORTANCE AND MANAGEMENT biological indicator of organochlorine contaminants 
The spottail shiner is an important prey species for in nearshore habitats (Suns and Rees 1977). The lim- 
white bass, smallmouth bass, northern pike, and ited home range of young-of-year spottails and their 
muskellunge, and it has been taken by the loon, com- relatively short exposure to contaminants enabled re- 
mon tern, American merganser, and kingfisher. The searchers to determine residue levels from recent 
spottail is a competitor with young-of-year northern contaminant discharges.
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Bigmouth Shiner dorsal base. Lateral line marked by fine paired 
“mouse tracks.” Fins unpigmented. No bright breed- 
ing colors. Peritoneum silvery. 

Notropis dorsalis (Agassiz). Notropis—back, keel; dor- Breeding male with minute tubercles on top and 
salis—pertaining to the back. sides of head, best developed below eye. Scattered 

Other common names: Gilbert’s minnow, big-mouthed tubercles on nape and on rays 2-10 of pectoral fins. 
shiner, central bigmouth shiner. Distinguishing the bigmouth shiner, the sand 

shiner, and the mimic shiner from each other is diffi- 
5 cult. Characters useful in separation of these species 

" Pl are shown in the table below. 
r CORR sen Mica 

Pe Se mn ad SYSTEMATIC NOTES 
eT i mee Synonym: Notropis gilberti Jordan and Meek. Three 

subspecies are recognized by Hubbs and Lagler (1964): 
Adult 59 mm, Rocky Cr. (Wood Co.), 18 June 1960 our form, named central bigmouth shiner, Notropis 

dorsalis dorsalis (Agassiz), which occurs throughout the 
central portion of the range for this species; the 

DESCRIPTION western bigmouth shiner, N.d. piptolepis (Cope), which 

Body slender, back arched; body slightly compressed occurs in Colorado and Wyoming in the Platte River 
laterally, flattened ventrally (especially anteriorly). system of the Great Plains; and the eastern bigmouth 
Average length 64 mm (2.5 in). TL = 1.26 SL. Depth shiner, N.d. keimi Fowler, which occurs in the Alle- 

into TL 5.0-6.0. Head length into TL 4.0-4.9. Snout gheny River system of Pennsylvania and New York, 

bluntly pointed, projecting slightly beyond ventral and in the Genesee River and Oneida Lake in the Lake 
mouth. Mouth large, lateral length of upper jaw Ontario drainage of New York. 
greater than eye width, extending to below pupil; Underhill and Merrell (1959), who investigated the 
barbel absent. Pharyngeal teeth 1,4—4,1, some strongly morphological differences in the populations of this 
hooked; arch slender. Eye large, into head length shiner from different areas in Minnesota, concluded 
3.3-4.1; pupil of eye skewed dorsally and “looking that there were micro-geographic races. It was im- 
upward.” Gill rakers knoblike to short, conical, up to possible to decide from the available evidence whether 
8. Dorsal fin origin over or slightly behind pelvic fin meristic characters in fishes are primarily determined 
origin; dorsal rays 8; anal fin rays 8 (7-9); pectoral fin by the environmental complex or by the genotype. 
rays 14-15; pelvic fin rays 8. Lateral line scales 32-37; 

lateral line complete, almost straight. Digestive tract 

short, S-shaped, 0.4-0.5 TL. DISTRIBUTION, STATUS, AND HABITAT 
Pale brown dorsally, and silver or white laterally In Wisconsin, the bigmouth shiner occurs in the Mis- 

and ventrally. Dorsolateral scales weakly outlined. sissippi River drainage basin and in the Lake Michi- 
Mid-dorsal stripe dark, conspicuous, and divided at gan drainage basin, where it was recently estab- 

Characters for Separation of the Bigmouth Shiner, Sand Shiner, and Mimic Shiner 
(after Eddy and Underhill 1974:256) 

Characters Bigmouth Shiner Sand Shiner Mimic Shiner 

Anal fin rays 8 z 8 
Pharyngeal teeth 1,4-4,1 4-4 4-4 

Eyes Pupils skewed upward Pupils medial Pupils medial 

Predorsal scales Irregular size and pattern Regular in pattern and uniform in Regular in pattern and uniform in 

size size 

Lateral length of mouth Greater than eye diameter Less than eye diameter Less than eye diameter 

Mouth position Horizontal, ventral Slightly oblique, subterminal Slightly oblique, subterminal 

Snout shape, dorsal view V-shaped V-shaped U-shaped 

Pigment about vent and at base Absent or faint Absent or faint Darkly pigmented 

of anal fin 

Mid-dorsal stripe (before dorsal Prominent and continuing on Prominent, broadening before Absent; or poorly defined as sev- 
fin) either side of dorsal fin dorsal fin and interrupted at an- eral faint striations or a line of 

terior base of dorsal fin crosshatch marks
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lished. There are no records of this species from the The status of the bigmouth shiner is changing in 
Lake Superior basin. parts of its range. In Ohio (Trautman 1957), it is being 

Greene (1935) noted the bigmouth shiner’s strong replaced by the silverjaw minnow, and Trautman pre- 
distribution in the unglaciated portion of Wisconsin. dicts that, if this process continues, extirpation of the 
He explained his single record from the Fox River bigmouth in that state is inevitable. In northern Mis- 
(Green Lake County) of the Lake Michigan drainage souri, extensive channelization of prairie streams 
basin as the result of a crossover at Portage, through over several decades has increased conditions favor- 
either glacial or modern connections. This species able to the bigmouth shiner, accounting for its in- 
has appeared at a number of sites in the Fox and Wolf crease in abundance. 
river watershed, all of which can be explained In Wisconsin, the bigmouth shiner is common. 
through the connection at Portage, except collections Since the 1920s it has extended its range markedly, 
from the upper Wolf River in Langlade County. Since especially into the Pecatonica, Sugar, Rock, and Fox 
it is unlikely that this minnow could move over the river systems of the Mississippi River drainage ba- 
dam at Shawano, I would ascribe its presence in the sin, as well as into the Lake Michigan drainage ba- 
upper Wolf River to minnow pail introduction. Simi- sin. Increasing siltation and turbidity appear to favor 
larly, recent collections in the Root and Pike river sys- this species; the bigmouth shiner will be secure if 
tems of Racine and Kenosha counties are more likely present trends continue. 
to have resulted from minnow pail introductions In Wisconsin, the bigmouth shiner was encoun- 
than by the minnow’s overcoming the low divide be- tered most frequently in clear water at depths of 
tween the headwaters of the Root and Des Plaines 0.1-1.5 m over substrates of gravel (29% frequency), 
rivers. sand (24%), rubble (15%), silt (11%), clay (10%), mud
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(9%), and boulders (3%). Although it has been col- TL 

lected occasionally from pools, sloughs, and lakes, it No.of (7m) 

occurred generally in the flowing waters of rivers of Date Beh Ava) Range Eocation 

aie ie LAD ey) a ee SS 
(33%), 6.1-12.0 m (33%), 12.1-24.0 m (13%), 24.1-50.0 19 Set. 75 385 25-48 Eau Claire R, Eau Claire Co) 
m (4%), and more than 50 m (1%). It inhabits open 23 Sept. 45 41.8 34-52 _— Plover R. (Portage Co.) 
water free of vegetation. 27 Sept. 14 31.6 28-39 Little Eau Claire R. (Marathon Co.) 

The literature calls attention to the bigmouth su a a ey ie ee eet 
shiner’s preference for sterile sand flats, and for 4 Oct. 11 48.0 43-54 ~—- Hay R. (Dunn Co.) 

sandy stretches in streams, rivers, and lakes (Harlan 
and Speaker 1956, Taylor 1954, Hubbs and Cooper -. . 
1936, Eddy and Surber 1947, and Eddy and Underhill dition—smaller streams generally reach the required 
1974). spawning temperature level later than larger streams. 

Bigmouth shiners from Gran Grae Creek (Craw- 
BIOLOGY ford County), collected 24 September 1966, showed 

In Wisconsin, spawning begins in late May and in the following growth: 

some areas probably extends into August. Gravid fe- Sieuloied’tt 
males have been taken in Marquette County on 29 TL at Annulus 
July. Starrett (1951) classified this minnow as a late Age No. at (mm) (mm) 

spawner in the Des Moines River (Iowa), where it Class Fish Avg Range 1 2 

spawned from late July through August. Keeton Oo. 2 4448 3851 
(1963) noted that high water levels in June may delay | 39 609 54-66 45.3 
the spawning of the bigmouth shiner. v 18 Bie 88-20, fas (GSB 

Nothing is known about the spawning habits of Avg (weighted) 45.0 636 
the bigmouth shiner. Moore (1944) suggested that its ————————S— eT 
spawning habits may be similar to those of the Ar- 
kansas river shiner, Notropis girardi. The Arkansas An 80-mm (3.2-in) male from Hay River (Dunn 
river shiner spawns in midstream over a bottom of County), collected 4 October 1977, had the following 

fine sand. The eggs are fertilized, and then swept by estimated growth at the annuli: 1—45 mm, 2—58 
the current downstream; they develop as they travel. mm, and 3—70 mm. 

Hatching occurs in 1-2 days, and is followed by a Maturity is attained at age II. Pflieger (1975) sug- 
peculiar “vertical swim” by the larvae with their yolk- gested that in central Missouri the bigmouth shiner 
sacs: whenever they touch the substrate, they swim probably reaches maturity during its second summer 

vigorously upward to the surface; as the process is (age I). 
repeated over a period of about 2 days the yolk-sacs In a Pine River (Richland County) collection, the 
become greatly diminished in size, and horizontal digestive tracts of bigmouth shiners contained fila- 
swimming begins. mentous algae, dipterans, and hydrachnids (W. Gel- 

In Little Sandy Creek (Marathon County) on 29 wicks, pers. comm.). In Roxbury Creek (Dane County) 
May 1961, an age-II female, 61 mm TL and 2.30 g, in June, bigmouth shiners fed largely upon Calopsec- 
with ovaries 19% of body weight, held 1,000 eggs tra (60%), the tipulid Dicranota (8.3%), chironomid 

0.9-1.0 mm diam. On 15 June 1965 in the Plover larvae of the tribe Chironomini (7.2%), and chiron- 

River (Portage County), an age-II female, 66 mm TL omid pupae. A classification of items in the diet into 
and 2.81 g, held an estimated 1,275 ripe yellow eggs habitat categories suggested that over 70% of the 
0.9 mm diam; also present were a slightly greater food consumed by bigmouth shiners from Roxbury 
number of immature white eggs 0.5 mm diam. Creek was of benthic origin; only 10.3% was from the 

The growth of young-of-year bigmouth shiners in drift (Mendelson 1972). 

central and northern Wisconsin has been observed In Iowa bigmouth shiners fed primarily on Ephem- 
as shown in the table at the top of the next column. eroptera and Diptera, and on some green and blue- 
The wide range in length on a particular date implies green algae (Griswold 1963, Starrett 1950b). 

a long spawning season, especially in moderate- Aquarium experiments demonstrate that the big- 
sized streams. In small creeks, the low mean lengths mouth shiner will take food from the surface, but 
of some populations late in the season imply delayed once a particle of food is seized the minnow retreats 
spawning. This suggests a temperature-related con- quickly to midwater or to the bottom (Mendelson
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1972). Waterlogged food particles drifting from the that after dark this species had a tendency to locate 
surface toward the bottom at first attract little atten- in shallow water, or near the surface in deeper water; 
tion from the fishes still feeding on the surface. After apparently, under cover of darkness, it ventured into 
a lag of several minutes, two species, the bigmouth the potentially more dangerous regions of the stream. 
shiner and the sand shiner, begin to drop out of the In Trout Creek (Crawford County), 95 bigmouth 
surface assemblage. This phase is often initiated shiners were associated with these species: short- 
among bigmouths by a single fish picking a particle head redhorse (3), golden redhorse (1), northern hog 

of food from the substrate of the aquarium. In a short sucker (20), white sucker (182), central stoneroller 
time, all bigmouth shiners are engaged in this way, (173), longnose dace (12), blacknose dace (192), creek 
moving over the bottom, their bodies more or less chub (86), bluntnose minnow (61), suckermouth 

parallel to the sand bottom. minnow (31), spotfin shiner (5), brassy minnow (21), 

According to Pflieger (1975), sight is apparently blackside darter (1), johnny darter (21), fantail darter 
less important to the bigmouth shiners than taste in (4), and brook stickleback (11). 
locating food. When food was introduced in aquari- 
ums, the minnows swam about rapidly over the bot- 
tom, taking in mouthfuls of sand from which they IMPORTANCE AND MANAGEMENT 
sorted out the food. The sand was forcefully rejected The bigmouth shiner is undoubtedly an important 
from the mouth or gill openings. forage fish in Wisconsin streams, and in some areas 

C. Hubbs (1941) suggested that dorsoventral flat- it is an important bait minnow. In Iowa, it is widely 
tening and ventral mouths are associated with bot- used as bait for panfishes, especially crappies and 
tom-dwelling and bottom-feeding habits. The big- perch (Harlan and Speaker 1956). 
mouth shiner is a pioneer species in the smaller It makes an interesting aquarium minnow if the 
streams, and is capable of adapting to the changing water is kept clean and well aerated. 
habitat conditions in unstable streams. Starrett (1950a) The bigmouth shiner has been rated a poor test 
noted that it is sometimes collected over newly cov- species because it is difficult to sort from other spe- 
ered sandbars in the Des Moines River (Iowa), sug- cies without excessive handling, is susceptible to dis- 
gesting an ability to use newly formed habitats. ease, and is excitable in test containers (Bunting and 
Movement by this species apparently is more fre- Irwin 1965). 

quent at night than during the day. Mendelson (1972) In view of the bigmouth shiner’s abundance and 
observed bigmouth shiners moving unhurriedly from wide distribution in Wisconsin, opportunities are ex- 
pool to pool after dark. Trapping at night showed cellent for learning the life history of this species.
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Spotfin Shiner mainly on caudal peduncle. Color in preserved fish, 

dorsal half olive yellow, sides bluish silver, belly 
whitish. Mid-dorsal stripe well defined and sur- 

Notropis spilopterus (Cope). Notropis—back, keel; spi- rounding dorsal fin. Dorsal scale pockets with dark 
lopterus—spotted fin. pigment, resulting in a distinctive and regular dia- 

Other common names: silverfin minnow, satinfin mond-shaped design visible through the scales. Per- 
minnow, blue minnow, steelcolored shiner, itoneum silvery, with numerous dark speckles, to 

lemonfin minnow. dusky. 
Breeding males steely blue with broad, dusky stripe 

posteriorly; lower fins yellow, whitish near tips; all 
SEE membranes of the dorsal fin dusted with dark spec- 

ge _ kles with the last 3-4 more darkly pigmented. 

eV Ta nanaay a Breeding tubercles in male in a dense patch across 
roy Fy Wi Nana ms snout; numerous large tubercles on head with tips 

ae bu yy ) ’ “pa a directly forward; a few tubercles on lower jaw, on an- 

aia SS terior edge of pectoral fin, on anal rays, and on pos- 
terior edge of scales on sides above and anterior to 
anal fin. Dorsal 3 scale rows on each side of midline 

Adult male (tuberculate) 73 mm, L. Poygan (Waushara Co.), 23 may have an additional large tubercle in center of ex- 
July 1960 posed portion of each scale. In females, tubercles oc- 

casional on top of head and on mid-dorsal scales be- 
fore dorsal fin. 

- Hybrids: Spotfin shiner x rosyface shiner, spotfin 
Ze shiner x red shiner (Schwartz 1972). Artificial spot- 

PULA ARES a ce ae aie fin shiner x steelcolor shiner (Pflieger 1965); the hy- 
ee) BP Wy é Ra brid (F,) females exhibit no reduction in fertility when 

{ Pei Wi cae — backcrossed with male spotfin shiners, and both 

an alii males and females of the backcross seem to be fertile. 

SYSTEMATIC NOTES 
SPAS RSIS SS ithe VOT NR eh ASO IND Notropis spilopterus is closely related to Notropis lutren- 
DESCRIPTION sis, the red shiner, and both undoubtedly were de- 

Body moderately deep, compressed laterally. Aver- rived from a common Stock ee rliceat th t 

age length 64 mm (2.5 in). TL = 1.26 SL. Depth into silekd hag: Cichdiga: ote liga vee decnaaie ie 
TL 4.7-5.6. Head length into TL 4.3-5.3. Snout long <1 Sper Shines Nery aptop remus SP elopterits 
and sharply pointed. Mouth strongly oblique (about (Cope) end ihe western spottin shiner, aa Spr 
45° to body axis), tip of upper lip at end of upper lopterus hypsisomatus (Gibbs). The Wisconsin form is 

or a : : assigned to the latter, and differs chiefly by usually 
pupil; mouth extending to below posterior nostril; having 36 or 37 lateral li les, instead of 37-39: 
barbel absent. Pharyngeal teeth 1,4—4,1, slender, Heeb hake scndatle Of eer cit é 

Tyn8' Se ome , by its deeper body, modally 26% of SL, rather than 
strongly hooked; cutting edge serrate; arch sturdy. 24%: and by th devel f the tubercl 
Eye into head length 3.0—4.5. Gill rakers short, coni- og Na Msi gee eka ag 
yeu ee co ‘ a ner on the lower part of the caudal peduncle in the 

cal, about 9. Dorsal fin origin slightly behind origin breed: le T 
ofan s : : reeding male. Intergrades are understood from the 

of pelvic fin; dorsal fin rays 8; anal fin rays 8; pectoral western drainage into Lake Michigan, including 
fin rays 13-15; pelvic fin rays 8. Lateral line scales aie GE THE FOX oi Wolf rivers and Grae Ba 
36-37 (35-39); lateral line complete, slightly de- P ¥ 
curved. Digestive tract short with a single S-shaped 
loop, 0.6 TL. Chromosomes 2n = 50 (W. LeGrande, DISTRIBUTION, STATUS, AND HABITAT 
pers. comm.). The spotfin shiner occurs in the Mississippi River 

Living fish silvery, underlaid with a bluish cast on and Lake Michigan drainage basins. It generally 
back and sides. Small young with at least a few chro- avoids the northern tier of counties, and does not oc- 
matophores on last 2 or 3 membranes of dorsal fin; cur in the Lake Superior basin. 
large young and adults with dusky or black blotch on The spotfin shiner is abundant in medium- to 
these membranes. Lateral stripe in preserved fish large-sized rivers, and common in large lakes. This
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species is tolerant of a wide variety of habitats, and is with or without vegetation nearby. The greatest num- 
usually the most numerous shiner where waters are bers of spotfin shiners are taken from a moderate cur- 
turbid. It can tolerate considerable siltation, and do- rent in shallow water over a sand bottom; they are 

mestic and industrial pollution. Modern land use less common in the quiet waters of sloughs. 
programs favor this species, and the spotfin shiner 
appears to have expanded its distribution since the BIOLOGY 

late 1920s (see Greene 1935). In Wisconsin, spawning begins toward the end of 
A potential threat to the spotfin shiner is the red May and may extend into early September. Favorable 

shiner (Notropis lutrensis), with which the spotfin is spawning temperatures are 21.1-23.9°C (70-75°F). 
not compatible. The red shiner appears to be extend- Gale and Gale (1977) found that spotfins are frac- 
ing its range northward into Wisconsin; where it has tional spawners. A pair in an outdoor wading pool 
done so in Illinois, it has displaced the spotfin shiner spawned 12 times between 16 June and 10 August, 
(Page and Smith 1970). releasing from 169 to 945 eggs (total 7,474) at inter- 

In Wisconsin, the spotfin shiner was encountered vals of 1-7 days; 5-day intervals were the most com- 
most frequently at shallow depths (0.1-0.5 m) over mon. Spawning usually occurred before 1000 hr, but 
substrates of sand (31% frequency), mud (21%), sometimes afternoon spawning occurred. 

gravel (19%), clay (11%), silt (9%), rubble (7%), and This species seems to be exacting in its choice of a 
boulders (3%). It occurred in rivers of the following spawning substrate. It has been known to spawn in 
widths: 1.0-3.0 m (1%), 3.1-6.0 m (18%), 6.1-12.0 m selected rock crevices, on logs having loose bark or 
(24%), 12.1-24.0 m (35%), 24.1-50.0 m (18%), and crevices, and on the top of a minnow pail. 
more than 50 m (4%). It occurs in riffles, pools, or Among spotfin shiners territoriality is strong, and 
sloughs, and is found in clear to highly turbid water defense of a spawning site is vigorous. Pflieger (1965)
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noted that males held small territories over a log, currents, smothering in silt» or muddy bottoms, set- 
which they defended against other males, but the po- tling silt, and direct sunlight (Gale and Gale 1977). 
sition and boundaries of the territories changed fre- The chances of eggs being fertilized are enhanced in 
quently. When two males came into close proximity, a crevice. These authors suggested that, when the 
they often engaged in threatening displays in which breeding habits of more of our fishes are known, 
they erected their dorsal fins and swam along stiffly fractional spawning may not be uncommon. The 

side by side. Usually there was no bodily contact, but cyprinids in general have long breeding seasons, and 
occasionally they struck at each other repeatedly many of them may be fractional spawners. 
with their snouts. Gale and Gale (1977) observed the egg-laying pro- 

Gale and Gale (1977) observed that a territorial cess of the spotfin shiner (p. 174): 
spotfin shiner sometimes grabs the pelvic or anal fin 
of its opponent with its mouth and drags its adver- ... The eggs “sprayed” out, somewhat like shot froma gun; 
sary from the spawning area. They saw one fish drag some traveled several centimeters before adhering to the 
another about 30 cm (12 in) across a spawning boul- bottom of the crevice. Eggs may not have become adhesive 
der. When two males grasp each other by the pelvic fora second or two after release for they sometimes seemed 
fins.:simultaneoudl: they swin inva‘cirele, clowlyat to roll across the plate before adhering. The numbers of 

y, tney , y : oa 5 : ; eggs in groups ranged from 10 to 97. In some instances, 
first, then with increasing speed, until only a blur is the number of eggs per group declined progressively dur- 

Seen. ing a spawning session but more often groups of eggs were 
A male spotfin shiner often makes several pre- almost as large at the end of a session as at the start. 

spawning display passes along a crevice before 

swimming out to seek a female. Gale and Gale sug- Between spawnings, the male was observed eating 

gested that touching the crevice is an integral part of eggs which had missed the spawning site. Since 

the male’s prespawning behavior, and that tactile these exposed eggs were usually eaten by the spawn- 

stimulation provides positive reinforcement. In the ing male, Pflieger suggested that egg eating is part of 

laboratory, male spotfins sometimes made 30 or more the spawning ritual, rather than a simple feeding re- 
prespawning passes before the actual spawning. action. Gale and Gale, however, found that egg feed- 

If a female does not approach the crevice to spawn ing slowed after about an hour, and that several fe- 
when the male has completed his prespawning males shared in egg consumption. They concluded 
passes, the male swims to a group of females (gen- that such feeding was not ritualistic, or at least not 
erally in the current just downstream) and tries to entirely so. 

crowd or drive one of them to the crevice. As they Highly gravid spotfin females with many ripe eggs 

approach the crevice, the male usually orbits the fe- up to 1.2 mm diam were collected on 6 June 1962 

male. from Green Bay (Door County). Four beautifully col- 
The spawning act has been described by Pflieger ored and tuberculate males, 70-84 mm TL (UWSP 

(1965:4): 3810) were collected from the Wisconsin River (Sauk 

When a female was about to spawn, she swam up over County) in early September 1970, suggesting that 
the spawning site and was approached by 1 or more males. spawning occurs at this late date in southern Wiscon- 

Usually, 1 male succeeded in driving the others off, and he sin. 

then took a position above the female with his head ap- The eggs in the ovary are of several size classes. 
proximately even with her pectoral fins and his ventral sur- Water-hardened eggs found sticking toa log were 1.5 

face touching her back. When spawning, he appeared to mm diam (Hubbs and Cooper 1936). 
press her against the log and both vibrated rapidly. They Hatching begins in 5 days at 22°C (71.6°F) (Gale and 
often proceeded farther up the log with the male maintain- Gale 1977). Scales first form at 15-16 mm on the cau- 
ing his position above the female and performed the 
spawning act 2 or 3 more times dal peduncle (Stone 1940). 

. Spotfin shiners from the Black River (Jackson 
When spawning on the undersurface of bark, the County), collected 27 September 1975, showed the 

female and male spotfins were upside down. They growth presented in the table on the following page. 
maintained the same position relative to each other A 97-mm, 10.81-g male in breeding habit, collected 
and to the spawning substrate as they did when from the Red Cedar River (Dunn County) 8 July 1975, 
spawning in an upright position (Pflieger 1965). was estimated to be 4 years old, and had the follow- 

Crevice spawning affords protection from depre- ing calculated lengths at the first 3 annuli: 1—23.3 
dation, the spawning activities of other fish, abrasion mm, 2—49.1 mm, and 3—69.1 mm. 
by water-borne materials, dislodgement by strong The smallest sexually mature spotfin shiners of
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Calculated Tat day, but at night there was a tendency for it to locate 
TL Annulus® ‘ 

immil (mm) near the surface. An analagous movement into shal- 
os chil 7 aie a low water at night was noted by Starrett (1951) in the 
jass Fish Avg Range 1 2 3 + 7 
rn rr Des Moines River. ; ; 

1 19 533° 45259 30:2 It has been suggested that the spotfin shiner pro- 
" 15 62.1 55-67 27.1 62.1 duces sounds similar to those produced by Notropis 

Mt 13 78.2 70-86 26.0 85.2 74.1 analostanus (Winn and Stout 1960, Gale and Gale 
Avg (weighted) 289 536 741 1977). These sounds are produced when males fight, 

~~ erie @nnunde Tr thie year Ot cantare haa hotibean ‘oIsésa lw'thellaraer and when males and females court. A purring sound 
year of capture had not been placed in the large . . 

and older fish. The males were larger than the females in each age group; occurs when a male actively courts a female, but iso- 

but the females apparently lived to a greater age. lated females also produce fainter, less frequent 
knocking sounds, so that it was impossible to know 

each sex to be reported were 38 mm SL (est. 47.9 TL) which sex made the sound during courtship. It is 
(Pflieger 1965). Both sexes mature at age I, though possible that these sounds may be species specific, 
some individuals may not spawn until age II (Stone acting as an isolation mechanism when closely re- 
1940). lated species are spawning nearby. 

The largest known male was 108 mm (4.2 in), and The spotfin shiner is capable of withstanding high 
the largest known female was 93 mm (3.7 in) (Stone temperatures. When juvenile spotfin shiners, col- 
1940). lected from water 27-31°C (80.6-87.8°F), were ex- 

The food of the spotfin shiner consists mostly of posed to temperatures of 15—35°C (59-95°F) for 14-20 

insects (Dobie et al. 1956). It ingests both aquatic and hours, there was a decrease in swimming perform- 
terrestrial insects, small fishes, vegetable matter, ance when the temperature changes were rapid (Ho- 

small crustaceans, plankton, and carp eggs. Food cutt 1973); swimming performance peaked between 
studies by several workers show that, in general, the 25 and 30°C (77 and 86°F). The maximum temper- 
food preferences of the spotfin are as follows: midge ature at which this species was captured in the White 
larvae (17.5%), mayfly nymphs (6.2%), insects River and the Ipalco Discharge Canal, Indiana, was 
(64.7%), and miscellaneous (11.5%). As noted above, 31.1°C (88°F) (Proffitt and Benda 1971). 
between spawnings males and females are observed In the Wisconsin River (Grant County), 4,686 spot- 

eating exposed eggs of their own species. fin shiners were associated with the following spe- 
In Roxbury Creek (Dane County) spotfin shiners cies: quillback (5), river and/or highfin carpsucker 

selected food from 92.5% of the aquatic fauna avail- (30), blue sucker (1), white sucker (1), creek chub 

able, and from 90.0% of the terrestrial fauna (Men- (+), bullhead minnow (237), bluntnose minnow (1), 

delson 1972). In one sample, they fed on Gammarus emerald shiner (44), sand shiner (389), bigmouth 

(51.8%), chironomid pupae (18.2%), terrestrial in- shiner (1), Mississippi silvery minnow (1), yellow 

sects (7.6%), copepods (6%), Calopsectra (5.3%), or- perch (6), walleye (19), western sand darter (14), 

thoclads (5%), and a variety of other items, including johnny darter (3), smallmouth bass (64), and large- 

the trichopterans Pycnopsyche and Hydropsyche, the mouth bass (1). In Neenah Creek (Marquette County), 
hydrophilid beetle Anacaena, and Simulium. A large 467 spotfin shiners were taken with the northern hog 
terrestrial oligochaete (23 mm in length) was ingested sucker (1), white sucker (4), creek chub (7), blunt- 

by one spotfin shiner. nose minnow (48), rosyface shiner (5), sand shiner 

In aquarium feeding experiments, spotfins fed on (221), bigmouth shiner (32), central mudminnow (1), 
food floating on the surface (Mendelson 1972). In blackstripe topminnow (3), johnny darter (9), banded 

spite of decreasing concentrations of food at the darter (1), and black crappie (1). 
water surface, the emerald shiner and the spotfin 

shiner remained in this region long after the big- IMPORTANCE AND MANAGEMENT 
mouth and sand shiners had left. Then they, too, Little is known about the spotfin shiner’s use by 
moved toward the bottom and began feeding on de- other fishes as forage, although where the spotfin 
scending food particles and on bottom food. Spotfin shiner is abundant it is undoubtedly eaten fre- 
shiners seized each food particle individually, with quently. Spotfin shiner eggs are lifted from crevices 
their bodies held at a relatively steep angle to the bot- by crayfish; one crayfish ate more than 100 eggs at a 
tom. single feeding (Gale and Gale 1977). There is also a 

According to Mendelson, in pools the spotfin record of the spotfin shiner eating the eggs of carp, 
shiner was usually captured in mid water during the but this habit probably has little economic signifi-
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cance because the two species do not commonly oc- rearing two groups of fish in the same year. If frac- 
cur in the same habitat (Hubbs and Cooper 1936). tional spawning increases fecundity, it would follow 

This brilliantly colored minnow is reported to be a that the number of females needed as broodstock 
good bait species for crappies and pike. There is dis- would be reduced. Gale and Gale observed that few 
agreement as to its hardiness on the hook and in the males are needed to fertilize the eggs, and that a ratio 
live box; hence it is seldom used by anglers in the of 1:10 or 1:20 might be sufficient for bait culture. 
lake states, despite its abundance in certain areas. Few of our native minnow species can be spawned 

This species has been suggested as very desirable successfully in the home aquarium; the spotfin shiner, 
for bait culture (Gale and Gale 1977). Large numbers however, is an exception. Pflieger (1965) kept adult 
of eggs could be collected in a short time; all larvae in spotfins in an aquarium over the winter and induced 
the transfer pond would be the same age, uniform in them to spawn in March. He kept water temper- 
size, with a minimum of grading. Later spawnings atures at 21.1-23.9°C (70-75°F), supplied living and 
could be placed in separate ponds, permitting min- high-protein food, and provided a piece of slab wood 
nows to be harvested at regular intervals, rather than as a spawning surface. 
all at one time. The spotfin’s long spawning period The spotfin shiner is rated as a poor bioassay ani- 
might make it possible for some ponds to be used for mal (Bunting and Irwin 1965).
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Red Shiner purplish crescent behind head; top of head red, its 
sides rosy; dorsal fin entirely dark; caudal and paired 
fins red or orange. Breeding male with dense patch 

Notropis lutrensis (Baird and Girard). Notropis—back of tubercles on snout and on top of head. Large scat- 
keel; Iutrensis—of the otter; the species was first tered tubercles with tips directed forward on chin; 
known from Otter Creek, Arkansas. 0-4 tubercles on lower jaws, occasionally a file of 3-4 

Other common names: redfin shiner, redhorse shiner. on each side of nape. Tubercles along margins of 
body scales and on rays of all fins, a single, heavy 
tubercle per scale in the vicinity of the anal fin. 
Breeding female finely tuberculate on head, and on 
midline of back before dorsal fin. 

, Hybrids: The red shiner hybridizes readily with 
zw AY Lila the spotfin shiner, Notropis spilopterus, occasionally 

es ol ek a forming hybrid swarms where their ranges come to- 

OT ating gether (Page and Smith 1970). Where mass hybridi- 
= ~ zation between the two species has occurred, turbid- 

ity has apparently been a factor leading to both the 
Adult male 67 mm, Menominee Cr. (Grant Co.), 14 Sept. 1969 invasion of a stream by the red shiner, and to the 

breakdown of reproductive isolating mechanisms, 
which are probably manifestations of species recog- 

a nition. According to Page and Smith (p. 269): 

ro my , mero Ps . .. The bright yellow fins of breeding male spotfin shin- 

ers and bright red fins of breeding male red shiners sug- 
ee ey a : os. gest that species recognition in both species is visual. In 

) ied ¥ < aR addition, sounds emitted by several species . . . including 
~~ ~~ SS N. lutrensis during courtship .. . suggest audio recogni- 

2 a tion as an isolating mechanism. A high concentration of 
silt particles in suspension in the breeding habitat could 

Adult female 63 mm, Menominee Cr. (Grant Co.), 14 Sept. 1969 disrupt the transmission of both light and sound and re- 
sult in the improper identification of spawning partners. 

DESCRIPTION 
Body deep and greatly compressed. Average length Page and Smith suggested that the hybrids were par- 
51 mm (2 in). TL = 1.26 SL. Depth into TL 3.6-4.3. tially fertile, since a wide range of variation, probably 
Head length into TL 4.7-5.0. Snout bluntly pointed. representing backcrosses, was noted in their collec- 
Mouth oblique (about 45° to body axis), reaching to tions. 
below posterior nostril; barbel absent. Pharyngeal 
teeth 4-4 (0,4-4,1 and 1,4-4,1 have also been re- DISTRIBUTION, STATUS, AND HABITAT 
ported), moderately slender, hooked; arch sturdy. In Wisconsin, the red shiner occurs only in the Mis- 
Eye small, into head length 4.0 or more. Gill rakers sissippi River drainage basin. It was added to the 
short, narrow, round tipped. Dorsal fin origin over or ichthyofauna of Wisconsin when two students, M. 

slightly behind origin of pelvic fin; dorsal fin rays 8; Hudson and H. Pearson, collected a male (67 mm TL) 
anal fin rays 9 (8-10); pectoral fin rays usually 14; pel- and a female (63 mm TL) (UWSP 3200) from Me- 
vic fin rays 8. Lateral line scales 32-36; lateral line nominee Creek (Grant County), SE % Sec 34 TIN R2W, 
complete, decurved. Digestive tract S-shaped (all 3 on 14 September 1969. The site, almost on the Wis- 
segments run the length of the body cavity), 0.7-0.8 consin-Illinois line, was described as follows: a high, 
TL. Chromosomes 2n = 50 (Gold et al. 1980). wooded ridge on the western side of the stream; a 

Olive green dorsally, sides silvery, belly white. Dor- cattle pasture on the east bank, the cattle having di- 
sal and lateral scales edged in pigment, resulting in a rect access to the stream at most points; water turbid; 
symmetrical, diamond-shaped design. Dorsal and average width of stream at most points 3 m (10 ft); 
caudal fins uniformly pigmented (anterior mem- depth variable. 
branes as dark as posterior membranes). Peritoneum Although Hubbs and Lagler (1964) reported that 
silvery, with numerous large, dark chromatophores. the red shiner had become recently established in la- 

Breeding male pale blue on sides, with prominent goons of Lake Michigan at Chicago, there is no evi-
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dence to substantiate its presence there (Becker to almost pure silt. Its tolerance for silt is undoubt- 

1976). edly a major factor in its abundance in the agricul- 

Although the number of red shiners in Wisconsin tural areas of Illinois (Page and Smith 1970). 

may be low, many waters in southern Wisconsin suit 

its requirements, and it is likely that in the future the BIOLOGY 

red shiner will appear in a number of streams and At the latitude of Wisconsin, spawning probably oc- 

become a secure member of our Wisconsin fish curs from June to August. In Iowa, all red shiner 

fauna. males longer than 40 mm clearly indicated breeding 

The red shiner adapts well to new habitats, and maturity (Laser and Carlander 1971). In Kansas, 

consequently is easily introduced into new areas via spawning was reported over nests of the green sun- 

the minnow pail or the aquarium. Also, the red shiner fish and the orangespotted sunfish in an open-water 

appears to be expanding naturally to the north. Wis- area measuring 5 x 5m. No interspecific activity was 

consin has placed the red shiner on watch status (Wis. noted between the sunfish and the red shiners. The 

Dep. Nat. Resour. Endangered Species Com. 1975, water temperature was 23°C (73.4°F), and the bottom 

Les 1979). was gravel, sand, and mud. Minckley (1959:421-422) 

The red shiner is tolerant of high turbidity and sil- described red shiner spawning in Kansas: 

eT avoids waters that are gene = The red shiners moved rapidly at the surface of the 

OF coor. Its a itats are quite warial Cp TANSINS TOM water, with one male (rarely two or more) following one 

small, intermittent streams to medium and large riv- female. The male followed closely, passing the female and 

ers and lakes; the largest populations occur in small- causing her to change direction. At the moment of the fe- 

to medium-sized streams. It is taken over a variety of male’s hesitation, prior to her turn, the male would erect 

bottom types, which vary from clean sand or gravel his fins in display, at the side and a little in front of the
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female. After brief display, usually less than two seconds, egg sizes were recognized in most females; two sizes 

the male resumed the chase, swimming behind and around were predominant in the larger gravid females. The 
the female in a spiral fashion. After a chase of two to three variation in egg size suggests intermittent spawning 
feet, the female would sometimes allow the male to ap- through the summer. Spent females were recorded in 
proach closely on her left side. The male nudged the female mid-July, but others were gravid in August. Taber 
on the caudal peduncle and in the anal region, moving (1969) illustrated the devel tal ‘st from 3.3 

alongside with his head near the lower edge of the left y Cleve Opmenta’ stapes to . 
operculum of the female, thus placing his genital pore about mm to 9.5 mm for the red shiner. . 
a head-length behind and below that of the female. At this Young-of-year at 30-35 mm were collected in the 
time spawning must have occurred; however, possibly be- greatest numbers on 1-3 July, indicating that the peak 
cause of the speed of the chase, I observed no vibration of of spawning was probably in late May or early June 

the fish as described for other species of Notropis at the cul- (Laser and Carlander 1971). Sizes (mm) of red shiners 
mination of spawning. . . . While the spawning act pre- by age groups, as indicated by scales in June and 
sumably occurred the pair was in forward motion in a early July 1968, were: 0—29 (17-35), I—50 (37-65), 
straight course for three to five feet, at the end of which the and II—72 (69-75). The condition factor (K,,) of these 

oo rapidly away, gyrating to the side and down. age groups was 1.16, 1.18, and 1.06 respectively. 

e Female then swam. away at slower rate. In instances In central Missouri (Pflieger 1975), the red shiner 
when the female failed to allow the male to move along- +f 
side, the male sometimes increased his speed, striking the averaees 23 mm long by the end of its first summer 
female, and often causing her to jump from the water. of life, and 46 mm by the end of its second Summer. 

Some conflict between males was observed, usually Most adults mature in their second or third summer; 

when two or more followed one female. The males would few live beyond 3 summers (age II). Growth in new 
leave the female, swerve to one side, and stop, facing each impoundments is much more rapid than in streams. 
other or side by side. At this moment the fins were greatly Laser and Carlander (1971) analyzed the digestive 
elevated in display. There was usually a rush on the part of tract contents of red shiners taken from 1 July to 5 
one male, resulting in the flight of the other, and the ag- August. The percentage of plant material (mostly al- 
gressive male would pursue for about two feet. Many times gal, with little evidence of higher-plant tissue) con- 

the purstied male jumped frony the water sumed during this time was 67.8; the percentage of 
According to Cross (1967), in Kansas spawning oc- insect material was 32.2. During the high-water pe- 

curs in both lakes and streams at water temperatures riod, the percentage of plant material consumed in- 
of 15.6-29.4°C (60-85°F) from May to October, but creased, and the percentage of insect larvae con- 

most spawning probably takes place in June and July. sumed dropped. 
Cross observed males apparently patrolling indi- In Missouri ponds, during August (Divine 1968), 
vidual territories adjacent to small patches of vegeta- red shiners less than 34 mm long consumed Collem- 
tion or to fine tree roots; he also observed groups of bola in the greatest volume. In September, higher 
more than 50 nuptial males surrounding the end of a plant materials and Closterium made up 75% of the 
large stump, which had been polished by the clean- diet; however, in one pond the fish consumed ap- 
ing activity of the fish. Pflieger (1975) noted that in proximately 75% copepods, rotifers, and protozoans, 
Missouri male red shiners occupy small territories with the remaining volume consisting of plant mate- 
around the margins of sunfish nests, and guard these rials. In red shiners of the 35-50 mm group, insects 
territories vigorously against the intrusion of other constituted more than 50% of the volume. In fish 
males. The Topeka shiner, the redfin shiner, and the greater than 51 mm, stomachs held insects almost ex- 
red shiner have similar spawning habits, and all clusively in June, July, and August, although in June, 
three minnow species commonly spawn simultane- Cladocera and higher plant materials were also im- 

ously on the same sunfish nest. The redfin shiner portant components. 
normally spawns in midwater over the nest, while In Oklahoma (Hale 1963), filamentous algae com- 
the red shiner and the Topeka shiner spawn near the poses as much as a third of the total volume of the 
bottom, around the edges of the nest. red shiner’s food, but its food value is in doubt be- 

Life history studies of the red shiner are available cause of its apparently low digestibility. Hale re- 
from central Iowa (Laser and Carlander 1971). In 50 ported that the relatively large variety of terrestrial 
gravid females examined at various times through insects in the red shiner’s diet indicates that this spe- 
the summer, there were 485-684 eggs per female; cies is inclined to feed at the surface. Others report 
there was no correlation between the number of eggs that the red shiner is an extremely active fish, which 

and the length or weight of the female. At least three commonly breaks the surface of the water while feed-
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ing. It feeds primarily by sight, and takes its food at then diminishing on gravel shoals, until only resid- 
all water levels. ual populations remain in shallow pools with silted 

The red shiner probably tolerates the highest tem- bottoms. 
perature reported for cyprinids—it was taken in a Where stream environments are relatively stable, 
warm spring in New Mexico at 39.5°C (103.1°F) the red shiner is at a competitive disadvantage in the 
(Brues 1928). presence of species that concentrate their reproduc- 

Metabolic activity was lowered when red shiner tive effort in brief intervals at precise locations. 
males were exposed to their mirrored image, or to The range of the redfin shiner is complementary to 
red shiner or blacktail shiner females. Delco and Bey- that of the spotfin shiner. Ecological incompatibility 
ers (1963) speculated that since red shiners are apparently exists between these species, since the 
weakly schooling fish, metabolic depression may be range of the red shiner expands as the spotfin 
related to the schooling habit. We may assume that shiner’s is reduced. With changes in habitat favoring 
the individual fish lowers his metabolism when in a the red shiner, the spotfin shiner’s range has become 
group, because he need not be very alert to the dan- significantly reduced since the 1920s. Page and Smith 
gers of predation or to the opportunities for obtain- (1970) provided a detailed discussion of this problem 
ing food; such dangers and opportunities are shared as it occurred in Illinois. 
by members of the group. The energy thus saved Pflieger (1975) found that the red shiner lives in 
may be used for tissue repair, growth, gamete pro- schools in midwater or near the surface, and is most 
duction, sound production, pigment production, often found in association with the sand, redfin, big- 
courtship activities, and other activities. mouth, Topeka, and ghost shiners. In collections 

Delco (1960) found that female red shiners pro- from Menominee Creek (Grant County), 2 red shin- 

duced sounds which attracted males of the same spe- ers were associated with the following species: white 
cies. He concluded that the sounds produced by fe- sucker (1), common shiner (191), emerald shiner (12), 
males might serve as a signal to males that the bigmouth shiner (3), bluntnose minnow (2), central 
females are ready for courtship. Since male red shin- stoneroller (1), longnose dace (50), southern redbelly 

ers do demonstrate positive discrimination, female dace (1), suckermouth minnow (1), hornyhead chub 

sounds would appear to act as a species recognition (5), smallmouth bass (1), and fantail darter (8). 

device. 

The red shiner seems to thrive under conditions of 
intermittent flow, frequent high turbidity, and other IMPORTANCE AND MANAGEMENT 
environmental variations that characterize many plains In parts of its range the red shiner is undoubtedly an 
streams. Cross (1967) noted that during droughts the important forage minnow for game fishes and fish- 
red shiner predominates in streams having steep gra- eating birds. 
dients, while many other species decline in abun- Because it is hardy, the red shiner makes a desir- 
dance. In the first year or two of a wet cycle, the red able aquarium pet. This minnow has been marketed 
shiner continues to abound, occupying nearly all ina pet shop under the name “rainbow dace” (Moore 
available habitats from swift riffles to quiet pools, re- et al. 1976). 
gardless of the depth and the nature of the stream The red shiner can be used with reasonable care as 
bottom. If the wet cycle continues, the red shiner a bioassay animal, although it has nervous habits 
population declines, disappearing first from riffles, (Ward and Irwin 1961).
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Pugnose Shiner a a 
ae supplementary semi-loop 

Notropis anogenus Forbes. Notropis—back, keel; ano- BP 

genus—without chin. Ef: 

Other common names: pug-nosed shiner, shiner. 4 

a Jt 

Adult female 53 mm, L. Poygan, Boom Bay (Winnebago Co.), 8 

Aug. 1963 

DESCRIPTION 
Body slender, fragile, moderately compressed lat- 
erally. Average length 46 mm (1.8 in). TL = 1.23 

(1.19-1.28) SL. Depth into TL 4.6-5.6. Head length Jel 
into TL 4.5-5.4. Snout blunt, shorter than eye. Ventral view of the alimentary tract of the pugnose shiner, with 

Mouth very small, almost vertical to body axis; pos- ventral body wall and viscera removed 
terior edge of mouth below anterior nostril; barbel 
absent. Pharyngeal teeth 4—4, strongly hooked, trun- confused with it. Bailey (1959) has provided an excel- 
cated portion below sometimes weakly serrated; arch lent comparison based on 10 characters. 
slender. Eye large, into head length 2.9-3.8. Gill rak- 
ers knoblike to short, conical, up to 8. Dorsal fin ori- SYSTEMATIC NOTES 

gin slightly behind origin of pelvic fin; dorsal rays 8 Notropis anogenus was described by Forbes (1885) 
(9); anal fin rays 8 (7-10); pectoral fin rays 12-14; pel- from 24 specimens collected in the Fox River at 
vic fin rays 8. Scales deciduous; lateral line scales McHenry (McHenry County) in northern Illinois, a 

34-37; lateral line complete. Digestive tract basically few miles south of the Wisconsin state line. Accord- 
S-shaped, 0.6-0.7 TL; terminal ascending and de- ing to Bailey (1959), no holotype was designated. Of 

scending segments forming a semi-loop where they the eight specimens still in the collection of the Illi- 
join anteriorly. nois State Natural History Survey, Bailey found six 

Silvery, with yellow cast dorsally; sides and belly Notropis anogenus and two Notropis heterodon, which 
silvery. A lead-colored lateral stripe, extending from emphasized the close similarity of these two species. 
a small, wedge-shaped dark spot on base of caudal From the syntypes, he selected an adult 43 mm SL as 
fin along sides and through eye, abruptly terminat- lectotype. 
ing close to side of mouth. Fins unpigmented to faintly Bailey suggested that among the many species of 
dusky, especially pectoral fins along anterior edge. No Notropis the pugnose shiner, N. anogenus, may be 
bright breeding colors. Peritoneum dark brown over- most intimately related to the Topeka shiner, Notropis 
lying a silvery background. topeka Gilbert, with which it shares many structural 

Breeding male with minute tubercles on top of characters, and to which it bears a strong resem- 
head; dorsal surfaces of pectoral rays, and sometimes blance. 

pelvic rays, thickened and roughened. 
Sexual dimorphism: In male the pelvic fin extends DISTRIBUTION, STATUS, AND HABITAT 

to or beyond the anal opening; in female, the pelvic The pugnose shiner occurs in the Mississippi River 
fin does not reach the anal opening. and Lake Michigan drainage basins in Wisconsin. 

The pugnose shiner is superficially similar to the Two widely separated centers of distribution are ap- 
pugnose minnow (Notropis emiliae), and can easily be parent: eastern Wisconsin (especially the southeast),
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and northwestern Wisconsin. The general distribu- has reported this species from Lake Ripley and Rock 

tion of this species was thoroughly reviewed by Bai- Lake (Jefferson County); Lower Nemahbin Lake, 

ley (1959). He suggested that the species apparently Lake Nagawicka, Oconomowoc Lake, and Okauchee 

had a glacial refugium in the upper Mississippi basin, Lake (Waukesha County); Pike Lake and Big Cedar 

from which it dispersed over its present known Lake (Washington County); Bear Lake, Long Lake, 

range. and Kekegama Lake (Washburn County). Rasmussen 

Specimens examined: UWSP 2829 (2) Pewaukee (1979) noted this species from Pool 4 of the Missis- 

Lake T7N R18E Sec 24 (Waukesha County) 1960; sippi River; if this is a valid record, it is undoubtedly 

UWSP 2830 (2) and 2831 (27) Lake Poygan, east shore a stray from a tributary stream. 

of Boom Bay (Winnebago County) 1961 and 1963; The pugnose shiner appears to be in serious trouble 

UWSP 3168 (1) and 3967 (2) White Clay Lake (Sha- over its range. Scott and Crossman (1973) concluded 

wano County) 1967 and 1971; UWSP 4591 (1) Yellow that it has a diminishing range in Canada, and that 

River T39N RI5W Sec 23 (Burnett County) 1974; at one time it probably occurred along the northern 

UWSP 4615 (2) Pike Lake (Waukesha County) 1974; shores of Lakes Ontario and Erie, between the two 

UWSP 4974 (3) Lake Ripley (Jefferson County) 1974; widely separated areas where it is now found. In Ohio 

and UWSP 5444 (1) Chippewa River overflow pond (Trautman 1957), the pugnose appeared to be ex- 

T38N R6W Sec 3 (Sawyer County) 1976. M. Johnson tremely intolerant of turbid water—presumably a 

submitted for verification a specimen from Bassett primary factor in its extirpation from Ohio waters. In 

Creek TIN R19E Sec 12 (Kenosha County), and re- Illinois (Smith 1965), it is known only from Channel 

ported another from the Fox River T5N R19E Sec 19 Lake in northwestern Lake County; its status is that 

(Waukesha County). of an endangered species (Lopinot and Smith 1973). 

Since 1974 the Wisconsin Fish Distribution Study In Minnesota, it is not presently endangered or
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threatened, but it is rare and has become a “species body weight held 530-958 eggs each. The eggs were 
of special interest” (Moyle 1975). Eddy and Under- in two stages: yellow, mature to maturing eggs 0.5- 
hill (1974) suggested that removal of aquatic plants 0.7 mm diam, and white, immature eggs. Most females 
from the shallow margins of many lakes to create in this collection were not in breeding readiness. 
swimming beaches will probably eliminate the pug- In a collection taken 29 May, a gravid female 54.5 
nose shiner from such waters in the near future. The mm TL and 1.905 g had ovaries 12.6% of body 
pugnose shiner is threatened in Iowa (Roosa 1977). weight, with approximately 30% of the eggs mature 

In Wisconsin, the pugnose shiner has been found or almost mature. A second female, 55.5 mm TL and 

in a number of new locales since the 1960s. However, 2.141 g with ovaries 16.8% of body weight, held 

earlier known populations in Dane, Marquette, and 1,275 eggs, of which 21% were mature (0.7-1.3 mm 

Columbia counties may have disappeared, since re- diam), and the remainder immature (0.2-0.6 mm 
peated efforts to capture specimens have failed diam). 
(Becker 1961, 1971). Most site records of this species I estimated the growth of pugnose shiners through 

are based on the capture of one or two individuals, analysis of the scales from a Lake Poygan (Winne- 
suggesting low population levels, but it may be lo- bago County) population, collected 8 August 1963: 
cally abundant. The pugnose shiner has been ac- 
corded the status of a threatened species by Wiscon- Calculated TL at 
sin (Les 1979). TL Annulus® 

The pugnose shiner has been collected from clear, Age No. of a —— 
weedy shoals of glacial lakes, and from streams of Glass: __Fish Avg Range 1 2 2 
low gradient over bottoms of sand, mud, gravel, or ' 7 42.0 38-44 31.9 

marl. Characteristic vegetation in its habitat includes ii i =e aoe ae oe 48 

pondweed species, water milfoil, Elodea, eel grass, 
coontail, bullrush, Chara, and filamentous algae (es- Avg (weighted) 26.0 374 46.5 

pecially Spirogyra). The pugnose shiner is taken *The annulus is placed in May or June. 
mostly from shallows during the warm months of the 
year, and undoubtedly spends the remainder of the A young-of-year pugnose shiner taken from Lower 
year in deep water. Nemahbin Lake on 10 September 1977 was 20.5 mm 

long. 
BIOLOGY D Becker reported a female 60 mm TL and 2.446 g 
Life history information on the pugnose shiner is from Lower Lake Nemahbin, collected 29 May, with 
lacking. D. Becker, who has studied this species in the following estimated lengths at the annuli: 1—29 
depth, has graciously allowed me to use his raw data mm, 2—43 mm and 3—57 mm. The largest male in 
to prepare this account. Unless indicated otherwise, this collection was 50 mm TL, but a number of fe- 
the following data are from him. males were larger. The condition factor (K,,) for 10 

Gravid females appear from mid-May into July. females was 1.17 (1.02-1.26); for 8 males it was 1.01 
Pugnose shiners in breeding condition were collected (0.94-1.13). 
from Lower Nemahbin Lake (Waukesha County) on The pugnose shiner grazes on plants, and its elon- 
27 and 29 May. On those dates, water temperatures gated intestine is indicative of this habit (Snelson 
were 21.1°C (70°F) and 22.8-23.9°C (73-75°F) respec- 1971). Analysis of the digestive tract of a large female 

tively. On 20 June, at a water temperature of 28.9°C disclosed filamentous green algae and an equal 
(84°F), some females were still gravid while others amount of cladocerans (Daphnia sp., Chydorus sp.). 
were partially or entirely spent. In northern Wiscon- In aquariums, the pugnose shiner selected plant 
sin lakes (Washburn County), gravid females ap- foods, such as Chara and Spirogyra, in preference to 
peared in a 28 May collection. A partially spent fe- high-protein animal foods. Heavy plant growth was 
male with a few ripe eggs was taken 11 July. soon grazed to the bottom. Animal food, including 

In Lake Poygan, I noted that female pugnose shin- high-protein flake food, was accepted mostly after 
ers taken 8 August had ovaries which still contained the plant food supply had become nearly exhausted. 
a few mature eggs; some were undergoing atresia. I observed an aquarium, holding eight pugnose 
Apparently, this species does not always lay a full shiners and eight blackchin shiners, in which almost 
complement of eggs. all of the pugnose shiners hid in a dense stand of 

In Lower Nemahbin Lake on 15 May, eight gravid Elodea rooted at one end of the aquarium. When food 
females with ovarian weights constituting 7-14% of was introduced on the surface, two to four pugnose
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shiners left cover and joined the blackchin shiners in crappies. Five hundred sixty pugnose shiners were 
feeding. Occasionally, one pugnose shiner swam returned to the water, and 50 were retained for 
quickly to the surface, took food, and returned to aquarium and laboratory study. Becker suggested that 
midwater to rejoin the others; the approach to the this was a prespawning school; a number of the fe- 
surface was delicate, and, except for the tip of the males, both large and small, were gravid. 
snout, no part of the body left the water. From repeated observations, the normal pugnose 

The pugnose shiners fed mostly in midwater. shiner school size appears to number 15-35 individu- 
Often a food particle dropped between individuals of als. After the breeding season school size is reduced 
the two species, and each would hurry to get the to 6-12 individuals; these fish cruise over heavy beds 
morsel for itself. Each species shared in the success. of Chara 15-20 cm (6-8 in) apart from one another, in 
I could detect no avoidance reaction by the pugnose the company of other fishes such as blacknose shin- 
shiners, although they were smaller than the black- ers and lake chubsuckers. 
chin shiners. Occasionally the pugnose shiners sucked The pugnose shiner is timid and secretive. When 
in food as if voracious, only to eject it in a puff. The a school is threatened, the fish immediately drop to 
same fish did this a number of times. In spite of their the bottom and conceal themselves in the densest 
minute mouths, the pugnose shiners ingested food vegetation available. This reaction to danger makes 
particles up to 2 mm diam as effectively as the black- the species less susceptible to conventional entrap- 
chin shiners did. Particles twice the length of the ment devices; hence it may appear to be less com- 
mouth were dispatched quickly; hence the small size mon than it actually is. In the aquarium, the pug- 
of the mouth is no criterion for predicting the size of nose shiner is never far from cover, and any motion 
the food which can be swallowed. or disturbance from outside the aquarium sends it into 

D. Becker, in studying the pugnose shiner of Lake hiding. By contrast, the blackchin shiner is far more 
Ripley (Jefferson County) and Lower Lake Nemahbin open and active, swimming in a loose school on the 
(Waukesha County), found that it did not move into periphery of the water weed within which the pug- 
the shallows until beds of submergent vegetation ap- nose shiner hides. 
peared at or near the time of spawning. In Lake Rip- Although the pugnose shiner appears to avoid the 
ley, one individual was captured on 18 May, one in- surface, and has never been seen jumping out of the 
dividual at each of two stations on 26 May, and one water, evidence suggests that this does occur. While 
individual on 27 June. In Lower Lake Nemahbin dur- cleaning around an aquarium, I came upon two pug- 
ing 1975, this species began appearing in numbers on nose shiners (41 and 44 mm TL) which had leaped a 
15 May (44 fish) and 22 May (26 fish); it was associ- minimum height of 51 mm to the edge of the aquar- 
ated particularly with large stands of the green alga ium, with enough forward thrust to carry them 15 
Chara, as well as with higher aquatic weeds. mm across the lip of the aquarium. When the water 

What may have been a record catch of pugnose was lowered to 71 mm below the aquarium rim, there 
shiners occurred on 14 May 1977 from Lower Ne- were no further losses. 
mahbin Lake, when, in a single 8-m haul with a bag 
seine, more than 1,000 fish were caught, 610 of which IMPORTANCE AND MANAGEMENT 
were pugnose shiners. Also present were at least 200 The value of the pugnose shiner as a forage fish is 
blacknose shiners, 25 blackchin shiners, and 50 unknown. This species is so rare as to be unknown 

bluntnose minnows, as well as numerous bluegills, to most fishery biologists, even in those areas where 
pumpkinseeds, rock bass, largemouth bass, and black it is still found.
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Sand Shiner little value. Suttkus (1958), in reviewing the extant 
type materials under N. deliciosus, found there was 
no referable specimen and adopted stramineus, the 

Notropis stramineus (Cope). Notropis—back, keel; stra- next available name. Hubbs and Lagler (1964) recog- 
mineus—made of straw. nized two subspecies: the northeastern sand shiner, 

Other common names: straw-colored minnow, shore Notropis stramineus stramineus (Cope), pertaining to the 

minnow. Wisconsin form, and the southern sand shiner, N. 

stramineus subsp. The subspecific question was re- 

4 viewed by Bailey and Allum (1962), who applied the 
SRC cee “a name Notropis stramineus missuriensis (Cope) to the 

re 5 Nida ee form which lives in all major drainages of western 

ae <7 South Dakota. 
a ‘ gms 

Re DISTRIBUTION, STATUS, AND HABITAT 
Adult 53 mm, Waupaca R. (Waupaca Co.), 13 June 1960 The sand shiner occurs in the Mississippi River, Lake 

Michigan, and Lake Superior drainage basins. It is 
DESCRIPTION widely distributed in southern Wisconsin, and spo- 
Body slender, slightly compressed. Average length radically distributed northward. 
62 mm (2.4 in). TL = 1.26 SL. Depth into TL 5.6-7.7. In Ohio, which historically has had a wide distri- 
Head length into TL 4.6-5.3. Snout blunt, viewed bution of this species, the sand shiner has decreased 
dorsally V-shaped. Mouth terminal, slightly oblique, markedly in some areas, probably because of its in- 
extending to below anterior margin of eye; barbel ab- ability to adjust to increased erosion and siltation 
sent. Pharyngeal teeth 4-4, hooked; arch moderate. (Trautman 1957). Trautman noted that it seems toler- 

Eye large, into head length 3.0-3.3. Gill rakers short, ant of some inorganic pollutants, such as mine wastes, 
conical, widely spaced, about 8. Dorsal fin origin as long as the sand and gravel of the bottom are not 

over origin of pelvic fin; dorsal fin rays 8; anal fin covered. 
rays 7 (6); pectoral fin rays 13-14; pelvic fin rays 8. In Wisconsin, the sand shiner is rare in small 
Lateral line scales 33-36; lateral line complete, slightly streams, and common to abundant in medium- to 
decurved. Digestive tract with a single S-shaped large-sized streams and rivers of central and south- 
loop, 0.7-0.9 TL. Chromosomes 2n = 50 (J. Gold, western Wisconsin. Elsewhere, it is uncommon to 
pers. comm.). common. It is taken infrequently, and generally in 

Back olive yellow, the scales edged in pigment; sides small numbers, in lakes. 
silvery, with lateral line pores bounded by “mouse In Wisconsin, the sand shiner occurs in lakes, 
tracks” (paired spots); belly silvery white. Mid-dor- sloughs, and streams of moderate current, in water 
sal stripe well defined and expanding at front of dor- of varying clarity and depth. It was most common at 
sal fin, where it becomes interrupted. Basicaudal spot 0.1-1.5 m, over substrates of gravel (27% frequency), 
small, generally narrower than the short lateral stripe sand (24%), mud (12%), silt (11%), clay (8%), rubble 
on caudal peduncle. Fins unpigmented. Peritoneum (8%), boulders (8%), detritus (1%), and bedrock (1%). 
silvery with a few dark speckles. Bright breeding col- In our collections it occurred in rivers of the following 
ors absent. widths: 1.0-3.0 m (7%), 3.1-6.0 m (12%), 6.1-12.0 m 

Breeding male with minute tubercles on top and (21%), 12.1-24.0 (39%), 24.1-50.0 m (17%), and more 

sides of head and along rays of pectoral fins. Breed- than 50 m (4%). It was frequently taken where vege- 
ing female occasionally finely tuberculate on top of tation was scanty or absent, and even where the 
head. water was highly contaminated with organic wastes. 

Separation of the sand shiner, the bigmouth shiner, 
and the mimic shiner is difficult. Characters useful in BIOLOGY 
separation of these species are tabulated on p. 545. In Wisconsin, the spawning season extends from late 

May to at least mid-August. Females with ripe eggs 
SYSTEMATIC NOTES were taken from Green Bay (Door County) from 6 
Until 1928, the sand shiner was confused with sev- June through the summer; they were taken as late as 

eral other species of shiners (Hubbs and Greene 15 August from Cottage Inn Branch (Iowa County). 
1928); literature references previous to 1928 are of In late May and early June, Cahn (1927) noted
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spawning along southeastern Wisconsin lakeshores In Iowa, Starrett (1951) reported that during July 

in shallows 31-46 cm (12-18 in) deep, usually under age-I females contained about 250 eggs, age-II fe- 

the protection of submerged vegetation. males about 1,100 eggs, and age-III females about 

In Kansas (Summerfelt and Minckley 1969), peak 1,800 eggs. 

spawning in late July and August coincided with the Little is known about sand shiner spawning behav- 

highest temperatures (31°C in 1965, and 27-37°C in ior and the early development of the embryo. Fish 

1966), which was also a time of minimal rain and run- (1932) reported 4.7-11.5-mm stages in Lake Erie on 

off during the hot, dry portion of the summer. The 28 July 1928, and a 16.3-mm fish on 22 August. She 

authors suggested that summer spawning at high described the 5.0-, 6.5-, 7.5-, 12.0-, and 28.6-mm 

temperatures might be an adaptation to enhance sur- stages, and illustrated the 5.0-, 7.5-, and 12.0-:mm 

vival of sand shiner fry in Great Plains rivers, where stages. 

spring is characterized by drastic water level fluctua- Summerfelt and Minckley reported a length of 10.5 

tions and flood conditions. mm for the size of the sand shiner at the time of scale 

A mature female sand shiner 55 mm TL, collected formation. Young-of-year 20-24 mm TL appeared in 

from the Wisconsin River (Crawford County) on 18 Kansas collections in May and June, and probably 

June 1962, with ovaries 11% of body weight, held 270 represented the progeny of very early spawners; 

ripe eggs 0.8 mm diam. The ovaries also contained larger numbers of young-of-year, 25-34 mm, first ap- 

several generations of colorless to white immature peared in the September and December collections. 

eggs 0.1-0.4 mm diam. Another female, 60 mm TL, Twenty-two young-of-year sand shiners, collected 

with an identical gonosomatic index held 1,060 eggs from Big Sandy Creek (Marathon County) on 9 Sep- 

0.8 mm diam. tember 1975, averaged 23.5 (18-32) mm TL. The con-
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dition (K,,) of 12 young-of-year, 37-44 mm TL, from Young sand shiners fed mostly on bottom ooze dia- 
the Eau Claire River (Eau Claire County) on 19 Sep- toms. 
tember 1975, was 0.85 (0.78-1.02). Aquarium feeding experiments (Mendelson 1972) 

Sand shiners from Neenah Creek (Marquette showed that the sand shiner approaches the surface 
County), collected 29 July 1960, showed the follow- rapidly at a steep angle. Once a particle of food has 
ing growth: been seized, the fish retreats quickly to midwater or 

to the bottom. When waterlogged food particles drift 
Calculated TL at down from the surface, the sand shiner begins to 

i Annulus? feed on particles of food in the water column from a 
Age No. of nl __. a position close to, but not on, the bottom. Very infre- 

Gass Fen AYO Range, quently the fish removes food from the substrate it- 
! 24 53.3 48-57 a self, seizing food particles individually, with its body 

u 10 61.5 59-64 38.4 57.2 é 
iil 5 66.4 64-68 33.2 571 65.7 held at a relatively steep angle to the bottom. 

The movements of the sand shiner have been fol- 
Avg (weighted) 90.8) 512) Sb lowed by Mendelson (1972) in Roxbury Creek, a 
*The annulus for the year of capture had not yet been deposited in stream less than 3 m (10 ft) wide, and 1m 3 ft) deep 

some seeWand age: ish, in the deepest pools. Peak spring populations occur 
in Roxbury Creek from mid-April until early June. By 

A sample from a breeding population of sand shin- mid-June, most sand shiners have left the creek and 
ers, collected from Cedar Creek (Ozaukee County) have returned to the Wisconsin River. During the 
on 1 August 1963, consisted of five males and five summer months, this species is absent from the 
females in age-group III; they were 66-72 mm TL, creek. In the fall, large numbers return to the stream, 
and had the following calculated lengths at the an- beginning in mid-September and continuing until 
nuli: 1—38.7 mm; 2—56.0 mm; and 3—68.7 mm. The mid-October; peak populations occur again from this 
third annulus was in the process of being placed. time through the end of November. A gradual reduc- 

Sand shiners spawn at age I, and generally there is tion in numbers follows over the winter months. 
a sharp decline in the abundance of age-II fish follow- Mendelson suggested that this attrition is due in part 
ing their second spawning (Summerfelt and Minck- to the death of fishes, and in part to movement back 
ley 1969). Starrett (1951) attributed the collapse of the to the river. In the spring, the remaining winter resi- 
age-II group to senility. dents in the creek are supplemented by new popu- 

The largest sand shiner observed, 80 mm TL and lations from the river. 

4.74 g, was a breeding male collected from Green Bay In Lake Erie (Fish 1932), the sand shiner is found 
(Door County) on 6 June 1962. at the surface, as well as on the bottom at depths of 

Mendelson (1972) found that the food habits of the 11-34 m (36-106 ft). During the winter in the Des 
sand shiner in Roxbury Creek (Dane County) were Moines River (Starrett 1951), the sand shiner remains 

influenced by the large quantity of algae present in mostly under the ice cover along shore. 
the water column. Algae constituted 29% of the vol- Daily movements of the sand shiner have also been 
ume of food in stomachs examined, accounting for described. Mendelson noted a movement at night 
the very high presence (45.6%) of copepods, since from deep water into the shallows and to the surface; 
harpacticoids were particularly prominent in algal during the day sand shiners were found on the bot- 
mats. In addition, the sand shiner consumed Calop- tom or in midwater. 
sectra, Paratendipes, chironomid pupae, and some The sand shiner is a schooling fish. An early report 
Gammarus. Terrestrials were absent from gut con- from Oconomowoc Lake noted schools containing at 
tents. In southern Illinois (Stegman 1969), stomachs least 5,000 individuals (Cahn 1927). 
contained bottom ooze, aquatic insects, and dipter- In reviewing the success and failure of sand shiner 

ous larvae. production in the Des Moines River, Starrett equated 
Starrett (1950b) classified the sand shiner as an om- poor recruitment with higher population density and 

nivorous feeder, and noted that in the Des Moines the lower amount of available space. Implied is a 
River (Iowa) its summer diet was bottom ooze (68% built-in control, which keeps the population within 
of volume), aquatic nymphs and larvae, Ephemer- the carrying capacity of the environment. Harlan and 
optera nymphs, Trichoptera larvae, adult terrestrial Speaker (1956) noted that in Iowa there was a trend 
insects, adult and emerging Ephemeroptera, dipter- toward a decline in the sand shiner population and 
ans, corixids, and a small amount of plant material. an upsurge in the bigmouth shiner population.
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Ten sand shiners lived in, and showed no distress IMPORTANCE AND MANAGEMENT 
in, test solutions to which no oxygen was applied. The sand shiner probably serves as an important for- 
An oxygen level of 1.4 ppm produced no fatalities. age fish because of abundance in certain areas. 
Test solutions had a pH range of 8.4-7.4 (Gould and Historically, the sand shiner was the standard bait 
Irwin 1962). minnow of southeastern Wisconsin (Cahn 1927). In 

In the Waupaca River (Waupaca County) 430 sand more recent years it has been included occasionally 
shiners were associated with these species: golden in a mixed bag of minnows. 
redhorse (20), northern hog sucker (9), white sucker Gould and Irwin (1962) noted that sand shiners are 
(24), largescale stoneroller (38), hornyhead chub (2), good bioassay animals because they are easy to trans- 
creek chub (2), pearl dace (18), bluntnose minnow port, withstand low oxygen conditions, and will take 
(94), common shiner (176), rosyface shiner (12), spot- dry food readily. 
fin shiner (33), blacknose shiner (4), mimic shiner In Kansas, the life history of the sand shiner has 
(72), bigmouth shiner (95), logperch (4), johnny been studied intensively to aid in monitoring the ef- 
darter (47), bluegill (1), rock bass (2), and brook stick- fects of pesticides on the ichthyofauna of the Smoky 
leback (2). From the Wisconsin River (Richland Hill River basin. The larger study involves a compre- 
County), 550 sand shiners were collected with quill- hensive evaluation of possible pesticidal contamina- 
back (13), river and/or highfin carpsucker (69), short- tion of soils, water, and wildlife, resulting from the 
head redhorse (3), silver redhorse (2), bullhead min- intensification of agriculture and the increased use of 
now (281), bluntnose minnow (19), emerald shiner pesticides associated with irrigation (Summerfelt and 
(80), spotfin shiner (2,450), river shiner (7), Missis- Minckley 1969). 
sippi silvery minnow (1), white bass (6), yellow perch 
(16), walleye (3), western sand darter (2), logperch 

(1), johnny darter (2), smallmouth bass (4), large- 
mouth bass (4), and black crappie (5).
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Mimic Shiner Separation of the mimic shiner from the bigmouth 
shiner and the sand shiner is difficult. Characters 
useful for separating these species are given on p. 

Notropis volucellus (Cope). Notropis—back, keel; volu- 545. 
cellus—a diminutive of swift. 

Other common names: channel mimic shiner, shiner. SYSTEMATIC NOTES 
Several subspecies have been recognized: Notropis 
volucellus volucellus, the northern mimic shiner; Notro- 

E - 4 pis volucellus wickliffi, the channel mimic shiner, a 
naan " a a form which inhabits the larger rivers in the upper 

e £ Wertman : parts of the Mississippi River system; and Notropis 
aa eS 5 volucellus buchanani, the ghost shiner, which has been 

= elevated to specific level, Notropis buchanani Meek 

Adult 67 mm, Eau Claire R. (Marathon Co.), 29 May 1961 (Bailey tnt). 
‘ : ” The following account does not distinguish be- 

tween the northern mimic shiner and the channel 
DESCRIPTION mimic shiner. Although Jenkins (1976) elevates the 

Body slender, somewhat compressed. Average length channel mimic shiner to specific status, Notropis wick- 
51 mm (2 in). TL = 1.27 SL. Depth into TL 6.1-7.4. liffi, I have no real confidence in the systematic sepa- 
Head length into TL 4.6-5.3. Snout blunt, protruding ration of wickliffi from volucellus. 
slightly beyond mouth. Mouth subterminal, slightly 
oblique, tip of upper lip at level of lower eye margin; DISTRIBUTION, STATUS, AND HABITAT 
mouth extending to below anterior margin of eye; In Wisconsin the mimic shiner occurs in the Missis- 
ventral view of mouth, small and U-shaped; barbel sippi River, Lake Michigan, and Lake Superior drain- 
absent. Pharyngeal teeth 4-4 slender, slightly to age basins. It is less generally distributed in the un- 
strongly hooked; slender arch (see Gilbert and Bailey glaciated southwestern quarter of the state. In the 
1972). Eye into head length 2.6-3.5. Gill rakers short, Great Lakes, it appears sporadically in the shallows 
conical to knoblike, about 5. Dorsal fin origin over or of protected bays. , 
slightly behind origin of pelvic fin; dorsal fin rays 8; This species is locally uncommon to common in 
anal fin rays 8; pectoral fin rays 12-15; pelvic fin rays medium-sized streams and large rivers, and in lakes 
9. Lateral line scales 33-38; lateral line complete, in central and northern Wisconsin; it is rare in the 
slightly decurved. Digestive tract short with a single southwestern quarter of the state. It has disappeared 
S-shaped loop, 0.6—0.7 TL. Chromosomes 2n = 50 from a number of locales in southern Wisconsin since 
(Gold et al. 1980). the late 1920s. 

Back olive yellow to lateral line; below, whitish. In The mimic shiner prefers clear, moderately weedy 

preserved specimens, lateral stripe on caudal pedun- lakes; in central and southern Wisconsin, it is gener- 
cle, faint to absent anteriorly. Dorsal scales dark edged, ally found in the pools and backwaters of creeks. In 

pore of lateral line scale with spot above and below Wisconsin, the mimic shiner was encountered most 
(“mouse tracks”). Mid-dorsal stripe, appearing as frequently at depths of 0.1-1.5 m over substrates of 
several faint parallel striations, or mid-dorsal scales sand (18% frequency), silt (18%), gravel (18%), mud 

pigmented posteriorly, resulting in a series of trans- (14%), detritus (9%), rubble (9%), boulders (9%), and 
verse bars ending in some diffuse pigment just before marl (5%). It occurred in streams of the following 

the dorsal fin. Fins generally clear; caudal rays at widths: 6.1-12.0 m (14%), 12.1-24.0 m (57%), 24.1-50.0 
times heavily edged with pigment. Black pigment m (14%), and more than 50 m (14%). 
about anus and along the base of anal fin. Peri- 
toneum silvery, with numerous speckles, to dusky. BIOLOGY 

Breeding male with minute tubercles over head, In Wisconsin, spawning extends from May through 

branchiostegals, and along rays of pectoral fin. No July, and possibly into August. Females with ripe 

special breeding colors. Breeding female occasionally eggs have been taken through 24 July. 
with minute, sharp tubercles on snout. The breeding site and spawning habits of mimic 

Hybrids: Mimic shiner x rosyface shiner (Bailey shiners are unknown. It has been suggested that 
and Gilbert 1960), mimic shiner x weed shiner (Wis. they broadcast their eggs over the weeds in the 
Fish Distrib. Study). deeper, weedy littoral areas, and that spawning oc-
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Notropis volucellus Ree qlee Se ie Y|| OO Greene (1935) 

curs at night (Black 1945a). In Minnesota, Moyle (1969) TL 

reported formation of large, midsummer schools for Noor 

spawning. The females outnumbered the males about Date Fish Avg _Range Location 

2 to 1. Spawning occurred in 1966 between 26 July 1 Aug. 2 28.5 28-29 Milwaukee R. (Dena ae 

i - 3 9 Sept. 53 26.5 18-32 Big Sandy Cr. (Marathon Co. 
and 10 August, and in 1967 it began on 11 August; 13Sect 5 56 46535 Black F. (Clark Co.) 

in 1968 there was no spawning at all, possibly be- 10 Oct. 4 24-19-26 Black R. (Clark Co.) 

cause the cold and rainy summer limited the availa- —_ — 

buy of sutlace iNBECis foe BIH, The small fish present in mid-October suggest that 
In Wisconsin, a 67-mm, age-III female, taken May there was late spawning 

1974 from ie Rock aver ve person aan = Mimic shiners from Black River (Clark County), 

See ee eee earn sa a eaa ee yee ee collected 13 September 1968, showed the following 
from the Waupaca River (Waupaca County) on 13 wowthe 
June 1960. A 62-mm female with ovaries 22% of body 8 ° 
weight held 635 orange, ripe eggs 0.75 mm diam. A 

5 fe 1 ith ies 17% of bod: icht held Calculated TL 

65-mm female with ovaries 17% of body weig e TL at Annulus 

960 ripe eggs. A generation of smaller eggs, 0.50 mm Age Ho 08 (mm) (mm) 

diam, was found in fewer numbers. Black (1945a) Clase Fish Avg Range 1 2 

found that in Shriner Lake, Indiana, the average j “7 478. 43-52 295 

number of eggs produced was 367 per fish. 22 58.3 52-65 29.9 50.2 

The growth of young-of-year mimic shiners has , 
. Avg (weighted) 29.8 50.2 

been recorded as follows: VG a
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In Indiana (Black 1945a), age-I mimic shiners were lying on the bottom, scattered about on bare areas at 
48 mm long, and age-II fish were 55 mm. The breed- depths from 0.1 to 8 m. In the early morning small 
ing population was made up almost entirely of 1- groups of minnows are again evident; these groups 
year-old fish. Black noted a period of extremely soon join to form the large daytime schools. As the 
rapid growth during the month of July, for 3 or 4 summer progresses the daytime schools become 
weeks just after spawning, followed by a slowing larger; 25 schools containing a total of 3,000 fish were 
of the growth rate. The maximum life span was 2 observed on 25 July, and on 2 September a single 

years. school containing 15-20 thousand fish was noted. 
In Minnesota, sexually mature mimic shiners were This phenomenon was also observed by Black (1945a) 

those over 42 mm long (Moyle 1973). in Indiana: 

The males are smaller than the females. The largest In late July and August of 1935 these minnows some- 
ns shiner reported from Wisconsin was a 73-mm times congregated several layers deep and as closely 

female with ripe eggs, collected from the Yellow packed as they could swim in the shallow water along the 
River (Chippewa County) on 24 July 1970. south shore of the lake—forming a solid school that ex- 

The food of the mimic shiner has been studied in- tended well over 150 yards along shore and averaging not 
tensively in Long Lake, Minnesota (Moyle 1969). In less than five yards in width. 

the early morning, mimic shiners feed heavily (84%) The population level of mimic shiners fluctuates 
on stidwater Organisms, capedially Daphitia; piles. from year to year. Black recorded a large drop in 
During the day, midwater organisms are a small Part numbers between the years 1935 and 1936 in Shriner 
of the diet (7-11%); they are replaced by emerging Lake. Dr. C. L. Hubbs suggested to Black that canni- 
Diptera and terrestrial, insects, especially leathop- balism might be the explanation for this decrease. 
pers, ants, and beetles (6l-62%), and by’ inverte- Superabundant adults might have been so pressed 
brates, algae, and detritus browsed from the bottom for food that they consumed most of the fry. Black 
(28-32% ). In the EVETNAB) MUTE shiners feed more noted that mimic shiners of the same age attained a 

extensively, on dipteran pupae, ephemeropteran greater size when the total population of the species 
adults, and Hyallella azteca than they do during the faithelake Wad beenreduced. 
day. The only food items positively correlated with In southern Ontario streams, Hallam (1959) found 

daytime feeding are cicadellids and algae. Copepods, that the mimic shiner was associated with rock bass 
abundant in evening plankton samples, are almost and smallmouth bass, which occurred at down- 

completely ignored by the mimuc shiners. stream and warm water collection sites. The mimic 
q here sa correlation between Moyle s study ofthe shiner was not taken with the coldwater brook trout 

mimic shiner’s food habits in Minnesota and Black’s and mottled sculpin. 
study of its food habits in Shriner Lake, Indiana. Black In the East Fork of the Chippewa River (Ashland 
(1945a) considered the mimic shiner omnivorous. He County), 147 mimic shiners were associated with 

found these foods in a more or less decreasing order these species: white sucker (4), golden redhorse (93), 

of lie: Bnitemicetians. gieen algae, Bivesgreen algae, rock bass (2), hornyhead chub (21), common shiner 
fish scales, nsects friostly auult Of unmmatute che (125), rosyface shiner (6), bluntnose minnow (13), 
ronomidae), P lant debris, diatoms, and desmids. He creek chub (4), brook stickleback (1), fantail darter 
noted that mimic shiners have ariopportunity to feed (1), johnny darter (12), blackside darter (13), and cen- 
on the zooplankton only in the morning, when the tral mudminnow (1) 
ascending minnow schools cross the path of the de- , 
scending plankton, and in the evening, when this 
movement is reversed. Limited data suggest that the IMPORTANCE AND MANAGEMENT 
mimic shiner feeds at night also. The mimic shiner has seldom been taken in quan- 

The mimic shiner is a schooling fish. Moyle (1973) tities at any of the Wisconsin collection sites. Its use 
noted that during most of the day schools swim back as a forage or bait minnow is probably low. 
and forth along the shore. Toward evening large, The principal check on the mimic shiner’s numbers 
shallow-water schools break up into groups of 10-15 appears to be the various predatory fishes, especially 
fish, most of which swim out into deeper water, fol- the largemouth and smallmouth bass, black crappie, 
lowing the surface of the aquatic plant growth. Scuba yellow perch, and northern pike. Black (1945a) re- 
diving observations at night showed that mimic shin- ported the kingfisher, green heron, and probably the 
ers and bluntnose minnows spend the dark hours great blue heron as birds which prey on the mimic
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shiner. He also observed a water snake (Natrix) swal- and also served as the food supply for fishes at the 
lowing a mimic shiner, and turtles eating dead fish of Tri-Lakes hatchery. Mimic shiners from Shriner Lake 
various species, including the mimic shiner. were also used in huge quantities as bait, and were 

Black reported that the large population of mimic caught for use as fertilizer by the people living along 
shiners in Shriner Lake provided the principal food the lakeshore. 
for all species of predatory birds and fish at the site,
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Ghost Shiner DISTRIBUTION, STATUS, AND HABITAT 
In Wisconsin, the ghost shiner occurs only in the 

Mississippi River where it is at the northern limit of 

Notropis buchanani Meek. Notropis—back, keel; bu- its range. Specimens examined: UWSP 3225 (11) Mis- 
chanani—named for Dr. John L. Buchanan, sissippi River, Pool 11 (Grant County) 1946; UWSP. 

president of Arkansas Industrial University. 5024 (3) Mississippi River, Pool 7, vic. Dakota, Min- 

Other common name: shiner. nesota, 1946; UWSP 5025 (5) Mississippi River, Pool 

9, 1.6 km above De Soto (Vernon County) 1944; 

UWZM 2911 Mississippi River, Pool 9 (Allamakee 

a Se County) Iowa, 1944; UMMZ 100915 (1) Mississippi 

gy A ie River between Lansing and upper Iowa River (Alla- 

ae makee County), Iowa, 1932; UMMZ 147196 (10) Mis- 
sissippi River, Pool 9 (Allamakee County) Iowa, 1945. 
The ghost shiner has been reported from Iowa in 

Adult 44 mm, Mississippi R. (Vernon Co.), 25 July 1944 UMRCC (1953): Mississippi River vic. New Albin and 
vic. Lansing (Allamakee County); Mississippi River 

DESCRIPTION vic. Marquette and vic. Millville (Clayton County). 
Body delicate, moderately deep, strongly com- P. W. Smith et al. (1971) and the Upper Mississippi 

pressed laterally. Average length 41 mm (1.6 in). TL River Conservation Committee (1953) noted its dis- 
= 1.30 SL. Depth into TL 5.0-6.2. Head length into tribution in upper Mississippi River opposite Pierce, 
TL 4.4-5.8. Snout short, rounded, protruding slightly Pepin and Buffalo counties, Wisconsin, in Pools 3, 4 
beyond mouth. Mouth subterminal, slightly oblique, and 5A. Underhill (1957) cited a Minnesota report 
tip of upper lip at level of mideye; mouth extending from the junction of the Root and Mississippi rivers. 
to below anterior margin of eye; ventral view of P. W. Smith et al. (1971) stated that the ghost shiner 
mouth U-shaped; barbel absent. Pharyngeal teeth has become quite rare, and may be extirpated, above 
4-4. Eye large, into head length 2.8-3.9. Sensory Pool 14 of the Mississippi River. This species has not 
canal (infraorbital) behind and beneath eye absent. appeared in recent Mississippi River surveys oppo- 
Gill rakers short, conical to knoblike, about 6. Dorsal site Wisconsin, and no collections are known to have 

fin origin slightly behind origin of pelvic fin; dorsal been made since the 1940s. In Wisconsin, the ghost 

fin pointed and falcate, depressed fin longer than shiner is regarded as extirpated (Wis. Dep. Nat. Re- 
head; dorsal fin rays 8; anal fin rays 8; pectoral fin sour. Endangered Species Com. 1975, Les 1979). 
rays 13 (12-14); pelvic fin rays 8 (9). Lateral line scales In Wisconsin portions of the Mississippi River, the 
30-35. Digestive tract short with a single, S-shaped ghost shiner has been taken from the main channel 
loop, about 0.6 TL. over sand and some mud up to 10 m from shore, at 

Back, sides, and belly pale yellowish white, usu- depths up to 0.5 m. In other parts of its range it has 
ally with a few scattered dark melanophores edging been collected from slow current where there were 
the top 3 rows of scales along the back, and a concen- rushes and sedges in medium abundance, and from 
trated patch of melanophores on posterior head. Fins the mouths of bayous. It has not been taken in Wis- 
clear. General lack of pigmentation accounting for consin from tributary streams or from small streams, 
common name. Peritoneum silvery. as is the case in the South. This species usually oc- 

Breeding male with small tubercles over most of cupies gentle eddies adjacent to strong currents in 
head, forward part of body, and along rays of pec- the main channels of rivers. Cross (1967) noted its 
toral fins; tubercles largest on snout and top of head presence at the confluence of small, intermittent 

(Pflieger 1975). creeks and large rivers, where the current sweeps 
past backwaters in the creek mouths; he also found it 

SYSTEMATIC NOTES along the lower edges of gravel bars in the main- 
The widespread southwestern distribution of the stream, where the direction of flow is reversed. 
ghost shiner suggests an origin in Gulf of Mexico The ghost shiner is generally associated with 
coastal drainages west of the Mississippi River. For- warm, sluggish, and turbid water (Knapp 1953, 
merly Notropis volucellus buchanani, it has been ele- Cross 1967, Metcalf 1959). It has also been reported 
vated to specific level, Notropis buchanani Meek (Bai- from moderately clear to clear water (Pflieger 1971, 
ley 1951). Trautman 1957).
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BIOLOGY Wisconsin specimens was 24 mm. The largest indi- 

In Wisconsin, the spawning of the ghost shiner prob- vidual seen was 51 mm TL (UWZM 2911). 

ably occurred from June to August. In Kansas, this In Ohio, young-of-year ghost shiners were 20-38 

species reproduces between early May and mid-Au- mm long, age-I fish were 28-58 mm, and adults were 

gust (Cross 1967). A female, with well-developed 33-64 mm (Trautman 1957). The largest specimen re- 

See a oe male ee near a ported _ 64 amt ee i er 

sandbar in the main channel of the Blue River, Kan- ost shiners have been observed resting behin 

sas, on 14 August (Minckley 1959). large stones that littered the bedrock, then darting 

On 1 June a 42-mm female from the Mississippi out for bits of food borne downstream by the current 

River at Jackson County, Illinois, held immature eggs (Cross 1967). They are usually found in the company 

0.2-0.3 mm diam. She was in the third year of life, of the mimic shiner (Harlan and Speaker 1956). 

although the second annulus had not yet been de- 
posited. Spawning probably occurs at age II. 

The ghost shiner is aged by the examination of IMPORTANCE AND MANAGEMENT 

scales. Unfortunately, its scales are deciduous, and The ghost shiner must have assumed an insignifi- 

Wisconsin specimens available for aging have lost all cant role as a forage species. This delicate minnow 

scales, or retain only a few anterior lateral line scales. offers an opportunity to the fish biologist whose de- 

In the largest Wisconsin specimens examined (44-48 sire to make a contribution to cna aie 

mm TL), no scales could be read, although these in- by time and expense. Through a study of southern 

dividuals were estimated to be 2 years old. The cal- populations much can be learned, since so little is 

culated total length at the first annulus for 16 smaller known.
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Blacknose Shiner cive to its hybridization with other forms, including 
the brassy minnow. 

Notropis heterolepis Eigenmann and Eigenmann. No- SYSTEMATIC NOTES 

tropis—back, keel; heterolepis—various scale (in This species was formerly named Notropis cayuga 
reference to the variation in the shape of the Meek (Jordan and Evermann 1896-1900, Forbes and 
scales). Richardson 1920). Two subspecies are recognized in 

Other common names: northern blacknose shiner, the Great Lakes basin: Notropis heterolepis heterolepis, 

black-nosed minnow, blacknose dace, black-sided which includes the Wisconsin form, and Notropis het- 
minnow, blunt-nosed minnow, Cayuga min- erolepis regalis Hubbs and Lagler, the typical form 
now. confined to Harvey Lake on Isle Royale, Lake Supe- 

rior (Hubbs and Lagler 1949, and 1964). A third sub- 
; species, which is characterized by a complete lateral 

ci line, and which has gradually been approaching ex- 

TO cectensiehiemtatibd icant : tinction, is represented southward in the central Mis- 
o7@) 4 es ened = sissippi Valley, both east and west of the Mississippi 

. a aie = i River. 

DISTRIBUTION, STATUS, AND HABITAT 
Adult 53 mm, Eske L. T24N R10W Sec. 19 (Portage Co.), summer In Wisconsin, the blacknose shiner occurs in the Mis- 
1988 sissippi River, Lake Michigan, and Lake Superior 

drainage basins. It inhabits the area once covered by 

DESCRIPTION the glacial drift, and has also been recorded from the 
Body slender, only slightly deeper than wide. Aver- driftless area formerly occupied by glacial Lake Wis- 
age length 51 mm (2 in). TL = 1.25 SL. Depth into TL consin. Greene (1935) suggested that these records 
4.7-7.5. Head length into TL 4.3-5.1. Snout bluntly represent a holdover from the glacial period when 
pointed and projecting slightly beyond lower jaw. waters in the driftless area served as a refuge for 
Mouth slightly oblique, extending to below nostril or some fish species. 
anterior margin of eye; barbel absent. Pharyngeal Although the distribution of this species on the 
teeth 4-4, slender, slightly to strongly hooked; arch general range map appears to be extensive, popula- 
moderately sturdy. Eye large, into head length 2.7-4.0. tions are actually widely scattered within this range. 
Gill rakers knoblike to small, conical protuberances, The blacknose shiner appears to be most secure in 
up to 7. Dorsal fin origin more or less directly over Minnesota, Wisconsin, Michigan, and Canada. 
origin of pelvic fin; dorsal rays 8; anal fin rays 8 (7); In Missouri, the blacknose shiner is decreasing in 

pectoral fin rays 12-14; pelvic fin rays 8. Lateral se- range and abundance, and if this trend continues it 
ries scales 33-37; lateral line incomplete; breast scaled. may soon be eliminated (Pflieger 1975). In Iowa, the 
Digestive tract short, S-shaped, 0.4—0.6 TL. blacknose shiner is endangered (Roosa 1977); other 

Silvery over pale, olive yellow back; the scales im- than one lake record (Harlan and Speaker 1956) and 
mediately above the dark lateral stripe lack dark four stream records (Dowell 1962) in the northwest- 
edges, thereby contrasting sharply with the dark- ern corner of Iowa, no other recent records are 
edged scales of the back. Sides silvery, and belly sil- known, even though at one time the blacknose was 
very white. Lateral stripe extends around snout (thus widespread in the state. It was once one of the com- 
the name blacknose shiner), but not onto the lower mon cyprinids of eastern South Dakota, but has not 
lip and chin, which are white, Pockets of lateral been collected recently (Bailey and Allum 1962), and 
scales with vertical black, crescent-shaped “new in all probability has been extirpated. In Ohio, the 
moon” marks, whose tips point backward; basicau- blacknose shiner may be gone in the near future, if it 
dal spot absent. No bright colors during breeding has not already disappeared (Trautman 1957). In 
season. Fins essentially unpigmented. Peritoneum Pennsylvania, it is endangered (Miller 1972). In Illi- 
silvery with a scattering of dark chromatophores. nois, it remains in only a few locations in the north- 

Breeding male with fine tubercles on top of head. ern part of the state, and is listed as rare (Lopinot and 
Hybrids: Blacknose shiner x brassy minnow (Hubbs Smith 1973). 

1951a); it is presumed that the scarcity of the black- The blacknose shiner requires clear and vegetated 
nose shiner in Kansas during the 1880s was condu- waters. The species has disappeared rapidly when
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these waters have become turbid, the bottoms have depths of 0.1-1.5 m in the weedy shoals of glacial 

silted over with clay, and the aquatic vegetation has lakes and reservoirs, and in the quiet waters of con- 

been reduced in amount or eliminated entirely. As a necting streams between lakelike widespreads. It was 

result of drought and intensive land use, the habitat found in streams of the following widths: 1.0-3.0 m 

has been greatly restricted during recent years (24% frequency), 3.1-6.0 m (16%), 6.1-12.0 m (12%), 

throughout the plains and prairie regions from South 12.1-24.0 m (28%), 24.1-50.0 m (16%), and more than 

Dakota to Ohio. Problems exist even in those states 50 m (4%). It is taken in sparse to dense vegetation; 

where healthy populations of blacknose shiners re- including filamentous algae, bulrush, wild rice, wa- 

main. Eddy and Underhill (1974) expressed concern terweed, pondweed, and arrowhead. The blacknose 

that the elimination of higher aquatic plants from was found in water which is clear to slightly turbid, 

bathing beaches and from private lake fronts might and rarely in turbid water, and then probably only 

result in the scarcity or disappearance of the species. where the turbidity is temporary. 

In the southeastern quarter of Wisconsin, where 
the blacknose shiner was reported by Greene (1935), BIOLOGY 

it apparently has disappeared from a number of lo- In Wisconsin, I have seen gravid female blacknose 

cales. During 1913-1914 it was reported from Lake shiners in June, although Cahn (1927) indicated that 

Wingra (Cahn 1915), but there are no recent records gravid females have usually been taken in July, and 

from that lake (Noland 1951). The blacknose shiner is several as late as 10 August. The spawning behavior 

rare in the southwestern quarter of the state. Else- and habits of this species are unknown: however, it 

where, it is common in lakes and in slow-moving is suspected that the blacknose shiner spawns over 

streams. sandy places. 
In Wisconsin, the blacknose shiner occurred at In Halsey Lake (Florence County) on 15 June, a
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gravid, age-I female, 59 mm and 1.85 g, with ovaries The maximum known length of a blacknose shiner, 
14% of body weight, held 850 yellow mature eggs 0.8 81 mm SL (est. TL 101 mm), was reported from 
mm diam. White immature eggs were 0.4 mm diam, Harvey Lake on Isle Royale in Lake Superior (Hubbs 
and more than twice the number of mature eggs. In and Lagler 1949). 
a nearby impoundment of the South Branch of the The diet of 20 blacknose shiners from Eske Lake 
Popple River on 18 June, a gravid, age-II female, 72 (Portage County) included zooplankton, small mol- 
mm and 3.18 g, with ovaries 15% of body weight, lusks and crustaceans, dipterans, plant materials, 
held 1,420 yellow mature eggs 0.9 mm diam. White arachnids, and eggs (possibly fish eggs) (F. Van Hulle, 
immature eggs were 0.5 mm diam, and approxi- pers. comm.). Cahn (1927) reported a diet largely 
mately twice the number of mature eggs. According composed of Entomostraca, although insect larvae and 
to Lopinot and Smith (1973), the blacknose shiner a little algae were often found in the stomachs he ex- 
is sexually mature in 1 year, and reproduces an- amined. In Minnesota (Nurnberger 1928), foods in- 

nually. cluded algae, sponges, insects, and their larvae. 
M. Fish (1932) described and illustrated the 20-mm The ventral position of the mouth and short diges- 

stage. The blacknose shiner’s ventral mouth, parallel tive tract of the blacknose shiner suggest that this 
to the body axis, and its white chin, are diagnostic at species feeds primarily on the bottom on animal 
this stage and throughout life. foods. 

In central Missouri, the blacknose shiner reaches a Apparently the blacknose shiner is able to tolerate 
length of 20-38 mm (0.8-1.5 in) by the end of its first severe oxygen depletion in winterkill lakes. In a 
summer Of life. southeastern Michigan lake, in which the approxi- 

Blacknose shiners from Severson Lake (Portage mate amount of dissolved oxygen in the upper 
County), collected 4 August 1970, showed the fol- 0.3-1.2 m (1-4 ft) of water was 0.2-0.0 ppm, some 
lowing growth: survival of this minnow was noted, although no bass 

and bluegills survived. 
Calculated TL My observations of the blacknose shiner indicate 

TL at Annulus that its numbers fluctuate greatly from year to year 
Age No. of tam) fen in a given body of water (Becker 1964a). In Eske Lake 
Gloss) Fishy AVG) Range) (Portage County) during 1959, this minnow was seen 

‘ ; a aon 433 by the thousands along the southeastern shore of the 
SO lake, and hundreds were easily captured with a 

square-yard dip net. The following year none were 
The smallest young-of-year blacknose shiners pos- seen in the same area, but a few were captured in the 
sessed scales only along the bases of the dorsal and small creek draining the lake. In larger lakes, the 
the pectoral fins. A number of year-old fish had not blacknose is taken in protected bays, generally on the 
had an annulus placed at this late date. north side of the lake. 

Twenty-five age-I blacknose shiners, collected 14 In Moen Lake (Marathon County), 30 blacknose 
September 1974 from Rocky Run Creek (Wood shiners were associated with the following species: 
County), were 53-63 mm long, and had calculated creek chub (19), northern redbelly dace (40+), golden 
lengths at the first annulus of 43.9 mm. The smallest shiner (14+), fathead minnow (18+), common shiner 
age-I fish taken anywhere was collected 21 April 1974 (1), black bullhead (4+), central mudminnow (2), 

from the Fox River (Green Lake County); it was 32.5 yellow perch (1), Iowa darter (16+), and green sun- 

mm TL. fish (8+). 

Thirty-nine age-I blacknose shiners, collected 15 
June 1965 from Halsey Lake (Florence County), were 
36-60 mm TL, and had an average calculated length IMPORTANCE AND MANAGEMENT 
at the first annulus of 43.6 mm. One age-II fish, 81 The blacknose shiner undoubtedly forms a signifi- 
mm long, had the following calculated lengths at the cant part of the diet of predacious fishes that live in 
annuli: 1—53 mm, and 2—73 mm (J. Cox, pers. the same habitat. This species makes a good bait min- 
comm.). now.



Pugnose Minnow —575 

Pugnose Minnow Silvery with yellow to green cast dorsally; silvery 
laterally and ventrally. Dorsal and lateral scales 
edged in pigment, appearing diamond shaped. Mid- 

Notropis emiliae (Hay). Notropis—back, keel; emiliae— dorsal stripe obscure or absent; a narrow midlateral 

named for Mrs. Emily Hay. stripe commencing at margin of upper lip (not encir- 
Other common names: pug-nosed minnow, small- cling snout) and extending posteriorly to base of cau- 

mouthed minnow. dal fin. Base of central caudal rays pigmented. Fins 
generally unpigmented, except for dorsal fin in adults 
(especially well marked in breeding male), in which 
the interradial membranes are dusky to dark, and only 

a the membrane between rays 5 and 6 is clear and gen- 
TT Ne erally devoid of pigment. No bright breeding colors. 

“ a (eddebeaiis ~~ Peritoneum silvery with scattered dark speckles. 
Ny Breeding males with compact patch of tubercles 

os above upper lip and a compact cluster on lower jaw 
(Gilbert and Bailey 1972), minute tubercles covering 
rest of head, and small tubercles on anterior 5-7 

. branched pectoral rays. 

ees mum goutn shore of. Loygani(Winnsbago:Co,), Sexual pseea Adult male usually with pec- 
toral fin length 6.4-7.5 into TL; adult female, 8.3-9.7 
into TL. 

The pugnose minnow is superficially similar to the 
ws pugnose shiner (Notropis anogenus), and can easily be 

FE confused with it. Bailey (1959) provided an excellent 

“a . Bar a Ons “ comparison based on 10 characters. 
‘ —_— ¥ 

= ; 7 8 SYSTEMATIC NOTES 
fate eo The pugnose minnow, long known as Opsopoeodus 

emiliae (Hay), has recently been interpreted as a spe- 
cialized derivative of Notropis, and, on the evidence 

Adult female 53 mm, south shore of L. Poygan (Winnebago Co.), adduced, Gilbert and Bailey (1972) downgraded Op- 

19 July 1960 sopoeodus to subgeneric status in Notropis. According 

to these authors, the pugnose minnow agrees closely 
DESCRIPTION with Notropis in the aggregate of its characters. Two 
Body slender, moderately compressed laterally, with of the most distinctive features of emiliae, the pharyn- 
slim, elongated caudal peduncle. Average length 50 geal tooth count (5-5) and the conspicuous marking 
mm (2 in). TL = 1.25 (1.19-1.29) SL. Depth into TL of the dorsal fin in breeding males, lose force as “ge- 
4.7-6.5. Head length into TL 5.0-5.8. Snout blunt and neric” characteristics in that they vary geographi- 
rounded, its length less than eye diam. Mouth very cally: in peninsular Florida, the teeth number 5-4, 
small, almost vertical to body axis, extending below and the “flag fin” is undeveloped. Two subspecies 
anterior nostril; barbel absent (but occasionally pre- are recognized: N. emiliae emiliae (Hay), which occurs 
sent on one or both sides). Pharyngeal teeth 5-5 (oc- in the Upper and Lower Mississippi-Gulf Coast 
casionally 4 on one side), slender, strongly hooked, drainage, and along the Atlantic coast; and N.e. pen- 

and serrated; arch slender (see Gilbert and Bailey insularis, which occurs in the Florida peninsula, and 
1972). Eye moderate, into head length 3.0-3.3. Gill intergrades in northern Florida and southern Geor- 
rakers short, irregular, knoblike, up to 8. Dorsal fin gia. 
origin over or slightly behind origin of pelvic fins; 
dorsal fin rays usually 9; anal fin rays 8 (7); pectoral DISTRIBUTION, STATUS, AND HABITAT 

fin rays about 15; pelvic fin rays 8. Lateral line scales In Wisconsin, the pugnose minnow occurs in the 
35-41; lateral line usually complete. Digestive tract low- or base-gradient streams of the Mississippi 
short with a single, S-shaped loop, 0.5 TL. Chromo- River drainage basin, where it reaches the northern- 
somes 2n = 48 (Campos and Hubbs 1973). most limits of its distribution. It appears to be well
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distributed in the Rock River watershed. Cahn (1927) Eddy and Underhill (1974) suspected that this min- 
recorded two reports from the Oconomowoc and now is more common in southeastern Minnesota than 
Ashippun rivers, but no locales were specified. was previously thought. 

In the Lake Michigan drainage, the pugnose min- In Wisconsin, the pugnose minnow is uncommon 
now is known only in the Fox and Wolf river water- to rare at most collection sites, although it may be 
shed, where it appears to have become recently es- more common than it is believed to be. The records 
tablished, probably through the Fox-Wisconsin canal suggest that adults frequent deeper waters than are 
at Portage. The only other record from the Lake normally reached by minnow seines. Most of our col- 
Michigan drainage is from Wolf Lake, Indiana (Meek lections consist of young fish, which apparently fre- 
and Hildebrand 1910), where the pugnose probably quent the shallows. The pugnose minnow has been 
has been extirpated (Becker 1976). It is not known given watch status (Wis. Dep. Nat. Res. Endangered 
from the Lake Superior drainage. Species Com. 1975, Les 1979). 

At the northern part of its general range the pug- The pugnose minnow was encountered at variable 
nose minnow appears to be declining in numbers. In depths over substrates of mud (41% frequency), sand 
Ohio, since 1930 it has drastically decreased numeri- (41%), rubble (7%), silt (4%), clay (4%), and gravel 
cally or disappeared from most localities where it was (4%). It occurred in quiet, weedy waters of lakes, 
formerly taken; at present it appears to be threatened reservoirs, and sloughs, and in rivers of low gra- 
with extirpation (Trautman 1957). In Missouri, it may dient, 12.1 m or more wide. 
be disappearing (Pflieger 1975). 

In Minnesota, recent pugnose minnow collections BIOLOGY 
have been made from the Mississippi River south of Spawning in southern Wisconsin extends at least 
Red Wing, and from the Zumbro and Root rivers. from mid-June to mid-July. Little is known about
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the spawning habits and behavior of the pugnose The condition factor (K;,) of adult pugnose min- 
minnow. nows from southern Wisconsin in late June and early 

Pugnose minnows with greatly distended abdo- July was 0.80 (0.69-0.90) for six males, and 0.90 
mens were taken from the Wisconsin River (Grant (0.82-0.97) for eight females. 
County) on 21 June 1962. Three gravid females, 50, Little is known about the diet of the pugnose min- 

48, and 48 mm, held 312, 320, and 340 eggs respec- now. Pugnose minnows from the Wisconsin and 
tively; the eggs were 0.9-1.1 mm diam. On 27 June, Mississippi rivers had ingested filamentous algae, 
a few kilometers upstream in the Wisconsin River unidentifiable debris, plant fibers, eggs (of para- 
four females were captured with 200-240 eggs each, sites?), crustacean parts, and sand (V. Starostka, pers. 
and on 10 July in the Mississippi River (Glass Lake comm.). In pugnose minnows from southeastern 
near Bagley) an individual with 200 eggs was taken. Wisconsin, Cahn (1927) reported Entomostraca and 
These egg counts are unusually low for a minnow small crustacea (Hyalella). Gilbert and Bailey (1972) 
(V. Starostka, pers. comm.). cited studies by W. McLane, who found the follow- 

In Illinois, gravid female pugnose minnows and ing foods in stomachs from pugnose minnows in 
tuberculate males were reported between 10 and 20 Florida (in descending order of frequency): chiron- 
June (Forbes and Richardson 1920). In Florida, breed- omid larvae, filamentous algae, unidentifiable ani- 

ing males were collected from March to September, mal matter, copepods, cladocerans, and hydrach- 
and gravid females were collected from January to nids, with minute amounts of fish eggs, sand, and, 
September, suggesting that this species has a pro- possibly, larval fish. 
tracted breeding season (Gilbert and Bailey 1972). The pugnose minnow’s almost vertical mouth sug- 

Growth of young-of-year pugnose minnows is gests that this species feeds on items from midwater 
rapid, but variable. The appearance of small indi- or near the surface. The serrations on its pharyngeal 

viduals late in the season suggests an extended teeth are apparently adapted to its feeding habits, and 
spawning season (possibly into early August) in particularly to its consumption of microcrustaceans 
some Wisconsin waters. The following growth has (Gilbert and Bailey 1972). 
been recorded in Wisconsin: In the lower Wisconsin River (Grant County), 72 

pugnose minnows were associated with the follow- 
Koval ance ing species: paddlefish (1), gizzard shad (156), quill- 

Date Fish (mm) Location back by nver Granite aa Oe ld i), Pigs 

ak ae SLE! ANC mouth buffalo (2), white sucker (6), golden shiner 
s au @ oe Mieeicl ie Pon 7 °) (205), bullhead minnow (35), bluntnose minnow (3), 

on 1 3 ae ee oa emerald shiner Oe ae shiner oa spottail 
; . : A : shiner (7), river shiner (5), Mississippi silvery min- 

SSep, 2128-40. LbutlodeeMorts Wineebego Co) ‘NOW (3), black bullhead (48), northern pike (3), white 
24 Sept. 1 33 Chippewa R. (Pepin Co.) bass (25), yellow perch (4), western sand darter (3), 

logperch (2), johnny darter (4) smallmouth bass (11), 

On 24 September 1966, pugnose minnows col- largemouth bass (8), pumpkinseed (1), bluegill (8), 
lected from the Mississippi River (Grant County) black crappie (42), white crappie (2), brook silverside 
showed the following growth: 12 young-of-year— (11), and freshwater drum (4). 
37.1 (33-40) mm TL; 40 age-I fish—42.2 (38-47) mm 
TL; the estimated length at the first annulus was 34.8 
mm. Eight age-II adults, collected at the end of June IMPORTANCE AND MANAGEMENT . 
and the beginning of July 1962 from the lower Wis- The pugnose minnow is too rare and too restricted 

consin River and a nearby locale on the Mississippi in its distribution to be of any importance as a forage 

River, were 52.3 (49-54) mm TL; the estimated or bait fish. It undoubtedly is taken by predatory fish 

lengths at annuli were: 1—39.7 mm; and 2—53.3_ mm. and birds, although, considering its limited num- 
In Ohio, young-of-year in October were 25-43 mm bers, consumption is probably at low levels. ; 

TL; age-I fish were 33-51 mm; and adults were 38- In the state of Mississippi, where the pugnose min- 

58 mm (Trautman 1957). The largest pugnose min- now is locally common, it is used as a bait minnow 

now reported was 64 mm (2.5 in). (Cook 1959).
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Ozark Minnow {bees | 

ZS 
Notropis nubilus (Forbes). Notropis—back, keel; nubi- 

lus—Latin, meaning dusky, in reference to the |_N 

body color. ~ 

Other common name: Forbes minnow. i} 7 

i in ’ 
0 

Adult male (tuberculate) 65 mm, Apple R. (Lafayette Co.), 19 

May 1976 

ks a <_ | 

a Pd _ ip Ventral view of the alimentary tract of the Ozark minnow, with 

. ad = “4 ventral body wall and viscera removed 

Adult female 71 mm, Apple R. (Lafayette Co.), 19 May 1976 3 ) 

: J 
DESCRIPTION (fe 
Body slim, almost round, weakly compressed lat- H { 
erally. Average length 56-75 mm (2.2-3.0 in). TL = 4 Hi 7 

1.22 SL. Depth into TL 4.9-5.8. Head length into TL i 
5.0-5.5. Snout blunt, extending beyond mouth. Max- i \ 

illary reaching below nostril. Mouth subterminal, EM 
slightly oblique, with corner of upper lip slightly N= 
swollen; barbels absent. Pharyngeal teeth 4—4 (upper aff 

3 teeth often with elongate cutting edges); teeth Ce 

short, slender, and hooked. Eye large, into head / 
length 3.7 (3.4-3.9). Gill rakers short and fleshy, 8. 
Dorsal fin originating over origin of pelvic fin; dorsal, | 

anal, and pelvic fin rays 8; pectoral fin rays 13-15. & 

Lateral line scales 36-38; lateral line complete and Alimentary tract of Ozark minnow, diagrammatic 

nearly straight. Digestive tract elongate, with regular 
coils, 1.9-2.4 TL. erally with a small, black spot at base. Fins transpar- 

Back and upper sides dark olive yellow. Midline of ent. Peritoneum black. 
back with a prominent dusky stripe overlaid with a Breeding male with lower half of body and fins 
series of golden spots in live fish. Sides silvery, with tinged with yellowish orange; underside of head or- 
a prominent dusky stripe (almost width of eye) ex- ange. Breeding tubercles scattered over top of head, 
tending anteriorly onto head and around tip of snout and over sides of head behind and below eyes; body 
above upper lip. Belly silvery white. Caudal fin gen- scales (except on belly) edged with 6-9 tubercles,
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and a vertical row of 3-4 tubercles in center of each Notropis, by transferring the species nubila from 

scale; anterior half of pectoral rays with large tu- Dionda to Notropis. Members of the subgenus Hydro- 

bercles. Breeding females yellowish; lightly to mod- phlox share uniserial tubercles on the upper surface 

erately tuberculate on head. of most pectoral fin rays in breeding males, fine tu- 

Hybrids: Ozark minnow x hornyhead chub bercles over most of the body and head in both sexes, 

(Schwartz 1972), Ozark minnow x bleeding shiner, and bright red, orange, or yellow colors in both sexes 

and Ozark minnow x duskystripe shiner (Pflieger in the breeding season. The hybridization between 

1975). nubilus and Notropis spp. indicates the close relation- 

Sexual dimorphism: In males the pectoral fin is al- ship of these groups. 

most as broad as it is long; in females it is more elon- 

gate. In males the distance between the end of the DISTRIBUTION, STATUS, AND HABITAT 

pectoral fin and the origin of the pelvic fin is less than In Wisconsin the Ozark minnow occurs only in the 

half the pectoral fin length; in females this distance Mississippi River drainage basin. It is found in iso- 

is more than half the pectoral fin length. lated areas of the southern tier of counties (Grant, 

Iowa, Lafayette, Green, Rock and Walworth), and in 

SYSTEMATIC NOTES a widely removed population in the upper Red Cedar 

The Ozark minnow was formerly in the genus system (Dunn and Washburn counties), where it is at 

Dionda, primarily because of its elongate intestine the northernmost limit of its range. 

and black peritoneum, although some Notropis spe- According to Pflieger (1971), the Ozark minnow 

cies show these characters. Swift (1970) allied Dionda has probably long occupied the Ozark uplands. The 

nubila (Forbes) with Notropis chrosomus (Jordan) and disjunct populations in Wisconsin's driftless area 

N. leuciodus (Cope) under the subgenus Hydrophlox of may have been established by a postglacial dispersal
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from an Ozark refugium, although it is equally plau- of clean gravel; in the nearby Crow Branch it was 
sible that the species was present in or near the drift- taken from a pool 3.0—4.5 m wide and up to 0.6 m 
less area throughout the Wisconsin glacial period. deep, over a gravel bottom covered with fine silt. 
The Ozark minnow was undoubtedly more widely Both areas were devoid of submergent and emergent 
distributed following the glacial retreat than it is to- vegetation, and both had a gentle current. Only a 
day. G. R. Smith (1963) reported it in a late-Illinoian single lake record is known from Wisconsin. 
fauna in southwestern Kansas, thus providing evi- In its Ozark range, the Ozark minnow inhabits 
dence of a more western distribution during glacia- streams with a predominance of gravelly or rocky 
tion. The general distribution pattern of the Ozark bottoms, and a permanent, strong flow. It is most 
minnow is very similar to that of the largescale stone- often found in protected backwaters near riffles, or in 
roller, although the ecological requirements of the pools immediately below riffles where the current 
latter are less fixed. slackens (Pflieger 1975, Miller and Robison 1973). 

Wisconsin collections I have examined: UWSP 187 
(1) and 2632 (7) Crow Branch T5N R1W Sec 19 (Grant BIOLOGY 
County) 1962; UWSP 1472 (4) Platte River TSN R2W The Ozark minnow has a long spawning period. In 
Sec 24 (Grant County) 1966; UWSP 2631 (7) Branch to southern Wisconsin, spawning begins in May and 
Platte River T5N R2W Sec 33 (Grant County) 1962; continues through July, and possibly into August. In 
UWSP 2633 (19) Platte River T5N R2W Sec 26 (Grant Missouri, spawning occurs from late April to early 
County) 1962; UWSP 5440 (6) Apple River TIN R3E July, but peaks in May and June; it takes place over 
Sec 33 (Lafayette County) 1976. nests of the hornyhead chub (Pflieger 1975). 

From 1974 to 1978, the Wisconsin Fish Distribution In the Apple River (Lafayette County), a pre- 
Study collected the Ozark minnow from a total of 25 spawning, heavily tuberculated male had testes 1% 
locales from the Turtle River system (Rock and Wal- of total body weight on 19 May. On the same date, a 
worth counties); East Branch Richland Creek (Green female, 69 mm TL and 3.43 g, had ovaries 8% of body 

County); Apple River (Lafayette County); Little Platte weight, and a total egg count of 1,021. The eggs were 
River, and Platte River system (Grant County); Ver- in two size classes: 0.6—0.8 mm diam and yellow, and 
million, Brill, and Red Cedar river systems (Barron 0.3-0.4 mm diam and whitish; the numerical ratio 
County); and Long Lake (Washburn County). was 2:1, respectively. A larger female, 71 mm TL and 

Greene (1935) examined collections of Ozark min- 4.00 g, had ovaries 12.8% of body weight, and 557 
nows from the Hay River at Prairie Farms (Barron yellow mature eggs 1.0-1.2 mm diam. A smaller egg 
County); Galena River 3 km south of Benton (Lafay- size class, 0.4—0.8 mm diam, appeared whitish, and 
ette County); Mineral Brook Branch of the West Pe- made up about one-fourth of the egg complement of 
catonica River at West Mineral Point (lowa County); the ovary. 
South Branch of Turtle Creek at Allen Grove (Wal- On 20 July, 282 mature eggs were counted in the 
worth County); and Turtle Creek at Beloit and “near ovaries (13.3% of body weight) of a female 64 mm TL 
Beloit” (Rock County). Cahn (1927) reported it from and 2.10 g from Crow Branch of the Platte River 

Scuppernong Creek, but since the specific locale and (Grant County). On 26 July, 443 mature eggs were in 
county were not recorded, I have been unable to map the ovaries (18% of body weight) of a female 63 mm 
this report. TL and 2.55 g taken from the Platte River (Grant 

The Ozark minnow is absent from a number of County). 
Wisconsin locales from which it had been previously The calculated lengths at the annuli for combined 
reported. It appears to be intolerant of excessive tur- collections from the Platte River and tributaries 
bidity and siltation. Unfortunately, most of the streams (Grant County), taken 20-26 July 1962, were: 
in which this species is still found are in regions of 
heavy agricultural land use, and it appears that the Calculated TL at 
needs of the Ozark minnow are incompatible with finn ‘mm. 
man’s demands on the same waters. This species is a pe eo oe 
considered threatened in Wisconsin (Les 1979). ee 

The Ozark minnow occurs in clear, small- to me- ii Ps Se ae aa Bae 

dium-sized streams of low gradient, with gravel to mM 1 80 38.9 606 75.7 

rubble bottoms. In the Platte River it was taken from ; 
clear water at depths of 0.3-0.5 m, over a substrate _Avatweighted) 008 BT78T
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The oldest known Ozark minnow from Wisconsin is water was moderately turbid, and the bottom was 
a 3-year-old female. Females of this species attain a not visible beyond 0.6 m (2 ft). The substrate con- 

larger size than males. Both sexes reach maturity and sisted of gravel (40%), sand (30%), and muck (30%). 
spawn at age II. The stream was 4.6-6.1 m (15-20 ft) wide, and 

A large female Ozark minnow (UWSP 4589) was 0.3-0.6 m (1-2 ft) deep. Emergent vegetation was ab- 
taken from Goose Creek (Washington County) Ar- sent, and submergent vegetation and algae were 
kansas on 9 September 1973. She was 93 mm (3.7 in) scarce. The current was moderate, and water temper- 
TL, and 4 years old. ature was 21.1°C (70°F) in mid-May. The surrounding 

The digestive tracts of Ozark minnows from south- area was entirely upland pasture. 
western Wisconsin contained microscopic green al- Cahn (1927) noted that the water of Scuppernong 
gae, blue-green algae, and diatoms, and large quan- Creek was dark grayish brown because of a large 
tities of unidentifiable vegetative material and sand. amount of suspended fine silt and muck. The bottom 
Diatoms of a number of species were particularly was soft; the water was 46 cm (18 in) deep, and had 
abundant, probably indicating the permanency of little current. The conditions described by Cahn are 
the frustules. Bottom detritus, diatoms, and other marginal for the Ozark minnow and perhaps explain 
periphytes were undoubtedly derived from the gravel its absence from the Scuppernong system today. 
and rubble substrate. Cahn (1927) reported that the Twenty Ozark minnows from the Platte River were 
digestive tract contents of Ozark minnows from Wau- associated with the following species: white sucker 
kesha County consisted almost entirely of algae (Spi- (47), central stoneroller (17), longnose dace (8), 
rogyra, Zygnema, Closterium, with occasional Entomo- hornyhead chub (140), creek chub (1), bluntnose 

straca and small insect larvae. minnow (61), suckermouth minnow (3), common 

In the laboratory, Ozark minnows were fed dry shiner (88), rosyface shiner (25), sand shiner (1), 

meal, Daphnia, and chironomid larvae, but were stonecat (3), johnny darter (7), fantail darter (21), 

never observed to eat actively. They became progres- smallmouth bass (11), green sunfish (2), and blue- 

sively thinner, and lost their color completely (Bunt- gill (6). 
ing and Irwin 1965). One or two fish died each day 
during the last week of the holding period. IMPORTANCE AND MANAGEMENT 

The Ozark minnow is a schooling fish which lives Considering the rarity of the Ozark minnow, it must 
near the bottom in rather shallow water. D. Becker be of small consequence as forage for game species. 
(pers. comm.) provided ecological data for a collec- It is probably not used much as bait by Wisconsin 
tion site. In the Apple River (Lafayette County), the anglers because of its limited distribution in the state.
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Brassy Minnow elongated stomach almost the length of peritoneal 
cavity; ventral to the stomach are a series of alternat- 
ing loops and coils, first counterclockwise (ventral 

Hybognathus hankinsoni Hubbs. Hybognathus—pro- view), then clockwise—the last loop clockwise into 
truding jaw, probably in reference to upper jaw the anus; tract about 3.8—4.1 TL. 
or snout; hankinsoni—after ichthyologist T. L. 
Hankinson of Michigan. ui — a he 

Other common names: grass minnow, Hankinson’s : " ey “e 
minnow. erg : Sie ee 

. : ra - < SF ose 

iw. By 2 ee 

" Pe a — aa Hi ( = , } i 

a! eRe hiabeNadasaniaacae ones é Hl Ch } 

. sie = = > da. } 
—" S a Mage 

eee = W 

Adult 72 mm, tributary to Little Sandy Cr. (Marathon Co.), 29 Ate a 

May 1961 re 
4 Sy ce 

Fite DESCRIPTION F, ; Re j 
Body elongate, slightly compressed laterally. Average y~ Be 
length 58-71 mm (2.3-2.8 in). TL = 1.25 SL. Depth ~*~ P 
into TL 4.0-6.2. Head length into TL 4.4-5.2. Snout = B 
long, blunt, and rounded, slightly overhanging up- i 
per jaw. Maxillary short, scarcely reaching to below : , y 
nostrils; barbels absent. Pharyngeal teeth 4—4 with gf 
oblique grinding surfaces, not hooked. Eye into head ba 

length 4.1—4.5. Gill rakers short, slender, and pointed, 

SS Ventral view of multi-coiled intestine of the brassy minnow (To- 

7h morrow R., Portage Co., specimen). Note black peritoneum 
a So (photo by D. Damitz). 

oN gee é Be ark silvery cast dorsally and laterally, grading to 
EN ee te, y creamy white below. Peritoneum black. 
REED AOE Breeding male usually changes in color from the 

Ee BES silvery cast to a brassy or golden hue. Fins also with 
SS fo a brassy tinge. Breeding tubercles appear in the mid- 

= ey dle rays of the pectoral fins of some males. 
Kes FE Sexual dimorphism: In males the distance from the 

Sa, end of the pectoral fin to pelvic fin origin is less than 

Pharyngeal arches (male, 80 mm TL) of the brassy minnow. half the pectoral fin length; in females, more than 
Note the long, flat cutting edges of the teeth and the absence of half the pectoral fin length. In males the width of the 

hooks. pectoral fin is about three-fourths its length; in fe- 
males, about half its length. 

8. Dorsal fin slightly in advance of pelvic fin origin; Hybrids: Brassy minnow x blacknose shiner (Hubbs 
dorsal fin rounded, rays 8; anal fin rays usually 8, 1951a). 
sometimes 7; pectoral fin rays 13 (14-15); pelvic fin 
rays 8. Scales with about 20 radii of varying lengths. SYSTEMATIC NOTES 
Lateral line scales 35-38; lateral line complete. Bailey (1954) reviewed the range, classification, and 
Digestive track “coiled like a watch spring,” with description of the brassy minnow. The lectotype
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Hybognathus hankinsoni | QO RE TR a SL O Greene (1935) 

(UMMZ 84266) was collected in the Dead River, T48N rent; in large rivers it is supplanted by the Missis- 

R26W Sec 8, in the Lake Superior watershed (Mar- sippi silvery minnow (Hybognathus nuchalis). It ap- 

quette County), Michigan, on 20 July 1927 by C. A. peared most frequently in clear to slightly turbid 

Montague. waters at depths of 0.1-1.5 m over substrates of sand 

(26% frequency), gravel (23%), silt (15%), mud (10%), 

rubble (8%), hardpan (7%), clay (5%), detritus (4%), 

DISTRIBUTION, STATUS, AND HABITAT boulders (1%), and bedrock (1%). It occurred in 

In Wisconsin, the brassy minnow occurs in the Mis- streams of the following widths: 1.0-3.0 m (19%), 3.1- 

sissippi River, Lake Michigan, and Lake Superior 6.0 m (28%), 6.1-12.0 m (23%), 12.1-24.0 m (22%), 

drainage basins, with principal distribution in the 24.1-50.0 m (7%), and more than 50 m (1%). Copes 

Mississippi watershed. Since the 1920s, this species (1975) noted that in Wyoming the brassy minnow 

has moved into streams within the unglaciated area, prefers a habitat with little or no current (generally 

and expanded its distribution in both the Lake Michi- less than 0.6 m/sec), a mud or silt bottom, and some 

gan and Lake Superior drainages. It appears to have vegetation. It is common in overflow ponds adjacent 

been eliminated from waters in the extreme south- to moderate-sized streams or small rivers (Harlan and 

eastern corner of the state. Speaker 1956). 
The brassy minnow is common in slow-moving 

streams, except in northwestern Wisconsin, where it BIOLOGY 

is uncommon. It is rare in large rivers and lakes. The Spawning in Wisconsin occurs in May and June. 

brassy minnow appears secure in its Wisconsin Copes (1975) provided the following spawning data, 

range. based largely on populations observed in Sand Creek, 

In Wisconsin the brassy minnow occurs in small- Wyoming. The length of the spawning seasons 

to medium-sized streams of moderate to slow cur- appears to be 7-10 days at water temperatures of



584 Minnow and Carp Family—Cyprinidae 

16-27°C (60.8-80.6°F). Spawning occurs from 1100 to Scales were evident at 20-26 mm TL, and all fish 
1700 hr, peaking at about 1400 hr, in and over vegeta- above 30 mm were scaled. 
tion. Aging of the brassy minnow is accomplished 

Sexually mature brassy minnow males leave schools through analysis of scales. Copes (1975) noted that 
during the spawning season and scatter among most growth ceases by early September, and does not 
aquatic vegetation and in flooded marshes. The males resume until the following May. 
exhibit no territorial behavior. When schools of 100- The average growth and weight of a September 
200 brassy minnows swim in the flooded lateral sample of brassy minnows in Sand Creek, Wyo- 
depressions, from 1 to about 15 males approach a fe- ming, were: 0—32.4 (22-44) mm (0.25 g); I—57.1 (44- 
male near the periphery of the school and swim either 68) mm (1.9 g); II—70.8 (68-80) mm (3.6 g); and IIJ— 

above, below, or beside her. The female swims quickly 83.0 (82-84) mm (4.7 g). In the Tomorrow and Plover 
in either a spiral or a straight path, pursued by the rivers in Wisconsin the growth and weight of Octo- 
males, toward a bed of vegetation, where spawning ber samples was: 0—37.1 (28-49) mm (0.26 g); I— 
occurs. About half of the time the pursued female 56.4 (49-69) mm (2.0 g); IH—71.2 (62-78) mm (3.5 g); 
spirals upward and jumps several centimeters out of and IIJ—82.5 (76-85) mm (4.9 g). Few fish in Wyo- 
the water; males then discontinue their pursuit. Copes ming and in Wisconsin had reached age III (Copes 
(1975:61) described spawning behavior as follows: 1975). Females were not significantly larger than 

Spawning appeared to take place in the vegetation with males. The condition factor (Kn) averaged 0.98 for' the 
one or more males vibrating rapidly from one to three sec- four age-classes. Copes computed a population turn- 
onds while pressing against the female. The vibrating over about every 4 years. 
stirred up bottom sediments, making the water turbid and Sexual maturity is reached at age II (Dobie et al. 
observation of the details of the spawning act impossible. 1956), although a few Wisconsin and Wyoming age-I 
By 2 PM on May 27 and 28, 1969, the water of the entire females were sexually mature (Copes 1975). 

spawning area became very turbid from feeding and A large female (UWSP 518), 95 mm TL, was col- 

spawning activities of fish in a lateral pond of Sand Creek, lected from Pedro Creek (Oneida County) in July 
and fish could be seen flashing everywhere. It was esti- 1966. 
mated there were 4 to 6 thousand fish in a single lateral The digestive tracts of brassy minnows in Wyo- 
depression. Eggs were collected from the vegetation and ming (Copes 1975) contained the following items: al- 

bottom. The eggs were slightly adhesive to the vege- gae (94% of volume), organic debris (remains of 

enone higher plants, 5%), and animal matter (less than 

When the water temperature dropped suddenly 0.5%). Diatoms and desmids made up at least 50% of 
from 16.7 to 10.0°C (62.1 to 50°F), spawning ceased; the algae in the stomachs. The animal matter con- 

it resumed 5 days later when the water temperature sisted of diptera larvae, copepods, and cladocerans. 
returned to 16.7°C. No change in the diet was evident with increased 

Dobie et al. (1956) reported spawning by the brassy age. 
minnow early in the spring, when the water temper- Dobie et al. (1956) found the following items in 
atures reached 10-12.8°C (50-55°F). In Iowa, spawn- brassy minnow stomachs: zooplankton (25.9% of vol- 
ing occurs in June (Starrett 1951). ume), phytoplankton (31.6%), aquatic insects (21.3%), 

A prespawning female, 55 mm TL, and 2.15 g, col- plants (3.4%), surface drift (16.1%), and silt (1.7%). 
lected 29 May from Little Sandy Creek (Marathon The digestive tracts of 20 brassy minnows from the 
County), had ovaries 14% of body weight which con- Tomorrow River (Portage County) contained diatoms 

tained 1,151 yellow mature eggs 0.5-0.7 mm diam; a and desmids (95% frequency), filamentous algae 
second generation of smaller, white eggs was 0.1-0.3 (80%), higher plant material (40%), and animal re- 
mm diam. In a collection from Marinette County on mains (10%) (D. Damitz, pers. comm.). 
25 June, the females looked gravid, but all were soft- In aquarium studies, Copes (1975) fed brassy min- 
bellied and had recently spawned out. A probable nows dry meal (trout food), midgefly and mosquito 
late spawning for nothern Wisconsin was suggested larvae, small amphipods, early instars of mayflies, 
by a 79-mm female, collected 24 June from Jones copepods, cladocerans, damselflies, nematodes, and 

Creek (Forest County), that carried a total of 2,500 nematomorphs. The fish appeared to be opportun- 
eggs of two sizes: yellow eggs 0.7-0.8 mm diam, and ists, feeding on any live food item that could be swal- 
white eggs 0.2-0.3 mm diam. lowed. 

Fry, 5-9 mm TL, were collected on 19 July from the Copes also recorded the feeding behavior among 
lower end of Sand Creek (Wyoming) (Copes 1975). brassy minnows in Wyoming. In April and early May
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no feeding was noted until early afternoon, and then except for occasional small fathead minnows, creek 
only for a 1-2 hr period. Feeding activity in the sum- chubs, or white suckers. Adult schools were found in 
mer months usually occurred after the water temper- pools with many creek chubs and white suckers. 
ature increased 2-4°C (3.6-7.2°F) from the daily Large schools (200-500 brassy minnows) frequented 

minimum, and the most intensive feeding occurred shallow flooded areas when these became 2-4°C 
from 1300 to 1500 hr. Schools of brassy minnows (3.6-7.2°F) warmer than the stream itself. They left 
moved slowly upstream, feeding on drift and on or- the flooded areas at dusk, or when water temper- 
ganisms in the aquatic vegetation. In the early spring atures dropped below that of the stream. They then 
and late fall, schools were seen feeding on detritus ceased feeding, broke up into smaller schools, and 
and ooze. The food value of ooze was not deter- moved into quiet areas, where they became inactive. 
mined, but decomposing organic material, proto- During the summer, schools of small brassy min- 
zoans, and bacteria in the ooze are believed to be an nows spent the night in muskrat channels and other 
important source of energy. openings in the aquatic vegetation of runs. In early 

In Wyoming brassy minnows fed extensively dur- spring and in the late fall, schools spent the night in 
ing high water in flooded areas. Mosquito larvae were pods (masses of fish in physical contact with each 
abundant in isolated lateral depressions in June and other), or scattered over the bottom. Copes (1975) ob- 

early July. A school of minnows appeared to follow served fish stacked up six deep. The brassy minnows 
the mosquito larvae into water less than 25 mm deep; wintered in pools and deep runs that contained shel- 
after 2 days of intensive feeding no mosquito larvae ter. In November, pods were found in masses of wil- 
remained. On two occasions, schools were observed low roots and under shelter; other brassy minnows 

feeding on cow manure. In late September and Oc- were found buried in debris on the bottom. Four fat- 
tober the brassy minnow engaged in communal head minnows were collected with brassy minnows 
feeding, in which individual fish stirred up bottom in one such pod. The brassy minnow is generally in- 
sediments that were fed upon by several members of active from November through March. 
the school. At times, communal feeding activity was Copes notes no intra- or interspecific aggressive 
so intense that it made the water turbid. Copes (1975) behavior among brassy minnows. When alarmed, 
noted only two instances in which surface drift was large schools broke up into smaller schools, which 
eaten. Feeding continues during the spawning sea- swam erratically up and down the stream. Individual 
son in this species. fish buried themselves in the silt bottom, others 

In field studies (Copes 1975), the brassy minnow moved into beds of vegetation, while some formed 
survived a maximum water temperature of 28.9°C fright schools (each fish tried to reach the middle of 
(84°F), prolonged periods of minimum temperatures the group, or tried to hide behind others in the 
near 0°C (32°F), and daily variations in water temper- school). 
ature of as much as 17.8°C (32°F). In Ontario, this Fish species associated with 57 brassy minnows 

species tolerates a wide temperature range, and ap- taken in Rocky Creek (Wood County) were: white 
pears to be equally distributed from the coldwater sucker (2), blacknose dace (11), creek chub (15), 

habitat of the brook trout (3% frequency) and mot- northern redbelly dace (31), bluntnose minnow (10), 

tled sculpin (10%) to the warmer water habitats fre- fathead minnow (35), common shiner (20), central 
quented by the rock bass (5%) and smallmouth bass mudminnow (1), johnny darter (1), and brook stick- 

(6%) (Hallam 1959). leback (29). In the Kickapoo River (Crawford County), 

Brassy minnows remained fairly quiet and stayed 74 brassy minnows were captured with longnose gar 
close together in a test container (Gould and Irwin (1), shorthead redhorse (1), silver redhorse (17), 

1962). They survived an oxygen level of 1.5 ppm. Test northern hog sucker (5), white sucker (29), central 
solutions had a pH range of 8.7-7.4. stoneroller (69), longnose dace (1), creek chub (23), 

The brassy minnow is a schooling species. In Wyo- bluntnose minnow (605), fathead minnow (22), spot- 
ming, the schools have no apparent leader, move fin shiner (134), bigmouth shiner (61), slenderhead 
slowly at a uniform speed, and generally remain in darter (1), johnny darter (5), green sunfish (4), and 
areas of little or no current with a mud bottom. In white crappie (1). 
August and September, schools of immature brassy 
minnows were observed in lateral depressions and IMPORTANCE AND MANAGEMENT 
shallow vegetated areas, but never appeared in large The brassy minnow is most abundant in habitats hav- 
pools or deep runs (Copes 1975). The schools of im- ing only a few or no predacious fish. It is very vul- 
mature brassy minnows were mainly monospecific, nerable to fish predation.
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The brassy minnow has been found in the stom- eye, crappie, and perch bait. In a study of more than 
achs of creek chubs, walleyes, black crappies, brook 150 samples (Copes 1975), brassy minnows made up 
and brown trout, northern pike, and rock bass. 2-40% of the minnows sold as local mixed bait, 

Snowy egrets, great blue herons, and belted king- 2-15% of the minnows sold as fathead minnows, and 
fishers have been seen feeding on brassy minnow 5-20% of the minnows sold as Milwaukee (lake em- 
schools (Copes 1975). One minnow was taken from erald) shiners. 

the stomach of a leopard frog. Gould and Irwin (1962) classified the brassy min- 
In Wisconsin, the brassy minnow is a valuable for- now as a poor bioassay animal. 

age and bait minnow. It is extensively sold as wall-
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Mississippi Silvery Minnow and on upper side; a faint lead-colored lateral stripe 

posteriorly; light brown-yellow ventrally. Peritoneum 

black. 

Hybognathus nuchalis Agassiz. Hybognathus—protrud- Breeding male with light yellow along the sides 
ing jaw, probably in reference to upper jaw or and the lower fins, and small tubercles on the body 
snout; nuchalis—pertaining to the nape. and fins. According to Forbes and Richardson (1920), 

Other common names: silvery minnow, blunt-jawed in spring male the nuchal region is somewhat swol- 
minnow. len. Breeding female occasionally with a few tu- 

bercles (Eddy and Underhill 1974). 

Sexual dimorphism: In males the distance from the 
end of the pectoral fin to the pelvic origin is less than 

ies half the pectoral fin length; in females, usually more 
‘ = than half the pectoral fin length. 

ee a sais — = SYSTEMATIC NOTES 
3 Recently the Committee on Names of Fishes (Robins 

et al. 1980) recommended the addition of Mississippi 
to the common name, a modifier indicative of its 

Adult male 95 mm, Black R. (Jackson Co.), 27 Sept. 1975 geographic range, and supported the proposal by 
Pflieger (1971) of elevating the eastern silvery min- 
now Hybognathus nuchalis regius, previously treated 
most often as a subspecies, to a specific rank Hybo- 
gnathus regius. 

Pe . DISTRIBUTION, STATUS, AND HABITAT 
plo, as In Wisconsin the silvery minnow occurs in the Mis- 

. sissippi River and in the lower portions of its tribu- 
taries, including the Rock River system. Cahn (1927) 
reported this species from the Menomonee River of 

Adult female 88 mm, Black R. (Jackson Co.), 27 Sept. 1975 the Lake Michigan drainage basin, although the 
three specimens are no longer extant, and the possi- 

DESCRIPTION bility exists that he may have confused this species 
Body elongate, slightly compressed laterally. Average with the closely related brassy minnow. The silvery 
length 76-102 mm (3-4 in). TL = 1.26 SL. Depth into minnow was reported once from the mouth of the 
TL 4.9-5.8. Head length into TL 4.8-5.5. Snout Chicago River at the head of the Chicago Drainage 
slightly rounded (more pointed than in Hybognathus Canal (Forbes and Richardson 1920); however, Hubbs 
hankinsoni), overhanging mouth. Maxillary short, and Lagler (1964) were unable to verify this report, 
reaching to below nostrils; barbels absent. Pharyn- and believed that it may have been based on H. han- 
geal teeth 4—4, with oblique grinding surfaces; some kinsoni. Trautman (1957) supposed that the silvery 
barely hooked at tip (see p. 582). Eye into head length minnow’s early disappearance from southern Ohio 
4.5-4.7. Gill rakers short, pointed, 8-10. Dorsal fin was caused by increased turbidity of the waters and 
slightly in advance of pelvic fin origin; dorsal fin the killing of aquatic vegetation by silt. 

pointed (posterior margin somewhat falcate); dorsal In Wisconsin, the silvery minnow is uncommon to 
fin rays 8; anal fin rays usually 8, occasionally 9; pec- rare. In the upper Rock River, where it was taken in 

toral fin rays 15-16; pelvic fin rays 8 (7). Scales with the 1920s, it seems to have disappeared from some 
8-11 long radii; lateral line scales 38-40; lateral line localities. Extensive state fish poisoning programs 
complete. Digestive tract (see p. 582)“coiled like a may have removed this species from some waters in 

watch spring,” with elongated stomach almost the the Rock River basin. 
length of peritoneal cavity; ventral to the stomach are The Mississippi silvery minnow inhabits medium 

a series of alternating loops and coils, about 5.4-5.8 to large rivers, and the lower extremities of small 
TL. Chromosomes 2n = 50 (W. LeGrande, pers. streams opening into such waters. Occasionally it has 
comm.). been taken from pools, backwaters, and oxbows ad- 

Silvery in life. Preserved specimens brown dorsally jacent to large streams. In Wisconsin, it was encoun-
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tered most frequently in clear water at depths up to end of July. Females with mature eggs 0.8 mm diam 
1.5 m, over substrates of sand (49% frequency), mud were taken from Saunders and Gran Grae creeks, 
(11%), gravel (20%), rubble (9%), silt (7%), and clay tributaries to the lower Wisconsin River, on 17 and 30 
(4%). The sites were generally sparsely vegetated. It July. No gravid females were found in any collections 
occurred in tributary streams of the following widths: made in August and September. The silvery minnow 
1.0-3.0 (7%), 3.1-6.0 (57%), and 6.1-12.0 (36%). Most breeds principally in creeks and rivers in shallow 
collections of this species have been made in the lower water, in or near riffles (Adams and Hankinson 
mouths of tributary streams close to large rivers. It is 1926). 
possible that the silvery minnow is far more com- The spawning habits of the closely related eastern 
mon in large rivers than our collections indicate, since silvery minnow from Cayuga Lake in New York State 
collection bias may have occurred. Cross (1967) re- were described by Raney (1939). The details are in- 
ported this minnow from relatively deep water in the cluded here for information and are not to be con- 
Missouri River, where the flow is sluggish and the strued as the typical spawning habits of the Missis- 
bottoms silted. sippi silvery minnow. Spawning occurred in late April 

The eastern silvery minnow, Hybognathus regius, has and early May at temperatures of 13-20.5°C (55.4— 
been reported from lakes. No lake records for the 68.9°F). Spawning activities started in the morning 
Mississippi form are known for Wisconsin. about 1000 hr, and continued until about 1600 hr; 

spawning peaked between 1200 and 1400 hr. The 
nonadhesive eggs were laid on the bottom ooze in 

BIOLOGY the quiet waters of coves. No territory was held, and 
In southern Wisconsin, the silvery minnow spawns no fighting was observed among the males. Individ- 
from the end of April or early May until at least the uals of both sexes were occasionally seen coming to
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the surface to gulp air. Raney described spawning as now, 102 mm TL and 8.84 g, had ovaries 9.3% of the 
follows (pp. 677-678): body weight, which contained 2,054 yellow mature 

When ready to spawn a female will move slowly toward eggs 0.8-0.9 mm diam. A second, female, 107 mm 
the shallow water at the side of the cove. From one to ten TL and 10.75 & held 3,105 mature eggs 0.7-0.9 mm 
males will move at once toward her. The first two to get to diam; the OVANES WEEE 9.3% of the body weight. No 
her swim slightly underneath on opposite sides and nose smaller, white, immature eggs were observed. 
her slightly in the region in front of and above the anus. The growth of the young-of-year silvery minnows 
The other males will attempt to squeeze out the two males is rapid. Observations in Wisconsin showed the fol- 
which first reached her. If they fail to replace the lower lowing. 

males they swim along close to the female's back and sides. 
The female followed by her retinue of males may at times TL 
move quickly in a curved path which usually ends in the (mm) 

ter of the cove among the rest of the nonactive females eo 
cen . . 8 . . Date Fish Avg Range Location 
When pursued in this manner a female would often jump jodune~CO~SCSSS lege: “Wieconaiwht Richland Ge) 

*. june \ s isconsin R. ichlan 0. out of the water a few inches and travel as much as three 20:sune ‘ 4475 43-45 Indian Cr. (Richland Co.) 
feet while in the air. Usually, however, she continues to- 20 June 111 34.66 24-42 Blue R. (Grant Co.) 

ward a grassy area and spawning occurs. 23 June 21 30.48 27-32 Wisconsin R. (Grant Co.) 
Breeding is usually accomplished with a male close to 25 June 18 34.33 28-39 Blue R. (Grant Co.) 

either side of a female, near the base of newly sprouted 27 June 4 38.25 34-40 Mississippi R. (Vernon Co.) 
. = 18 Aug. 1 66.00 Wisconsin R. (Crawford Co.) 

grass in from 2 to 6 inches of water. The eggs are appar- 7 Sept. 2 69.00 64-74 Mississippi R. (Crawford Co.) 
ently laid as the three vibrate rapidly for a second or two. 28 Sept. 3 52.33 44-59 Chippewa R. (Buffalo Co.) 
The breeding vibration although momentary is violent CC CCO™—C 
enough to disturb the bottom ooze making the water 
slightly turbid. When spawning occurs quite close to shore Aging was done by reading scale annuli. The an- 
the grass could be seen waving considerably. At times one nulus was recognized by following the circuli onto 
male appeared to spawn by crowding a female against a the lateral fields, where they become irregular and 

clump of vegetation. On other occasions a single female showed cutting over. Adults in southern Wisconsin 
would be accompanied by from 4 to 10 males when spawn- —_—_collections, 18-25 June 1962, showed the following 
ing took place. However, it appears that only the two males growth: 
close alongside the female are effective. Because of the ooze 
stirred up it was impossible to see details at the moment of 

i 
Calculated TL 

spawning. TL at Annulus® 
After spawning the female returns to the deeper waters (mm) (mm) 

in the center of the cove. The males again take up their age = — 
. to P Class Fish Avg Range 1 2 

movements near the shore looking for other females. . . . | i “2 2a aa 
It was not determined how soon a female would spawn il i 1003 90-110 777 1064 
again nor how many eggs were laid at one spawning al- 
though the number is likely quite small. Avg (weighted) 72.0 100.1 

*Annulus deposition begins in May for age-! fish, and in middle to late- 

. . . June for age-ll fish. 
Sometimes eggs of the eastern silvery minnow are 

buried to a depth of a few millimeters (Mansueti and 
Hardy 1967). They are essentially nonadhesive, al- Growth in New York of pond-raised eastern silvery 
though occasionally they become attached to bits of minnows (Raney 1942) was similar to that of south- 
bottom debris. Incubation time is 6-7 days when ern Wisconsin fish. By 20 June the young-of-year av- 
daytime temperatures vary from 13.3 to 20.5°C (55.9 eraged 31 mm TL; by 15 July, 45 mm; and by late Sep- 
to 68.9°F). tember, 61 (41-72) mm. Age-I fish averaged 80 

The yolk-sac larvae are 6.0 mm TL at hatching. They (65-89) mm; age-II males, 82 (76-87) mm, and age-II 
remain near the bottom, and, following yolk absorp- females, 88 (78-96) mm. The original progeny 
tion, they concentrate in small schools near shore, spawned for the second time (at age III) the following 
usually among emergent vegetation. Juvenile silvery year. 
minnows leave tributary nursery grounds and enter Maturity occurs at age II in both sexes, although 
lakes by 15 July in New York. Mansueti and Hardy (1967) noted that some females 

Mansueti and Hardy (1967) described and illus- reach maturity at age I. Only one Wisconsin fish, a 
trated stages from 5.7 to 17.3 mm TL. 107-mm female, had reached age III; her calculated 

In the Wisconsin River on 19 June, a silvery min- lengths at the annuli were: 1—65.7 mm, 2—86.6 mm.
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The largest specimen from Wisconsin waters in the shorthead redhorse (21), white sucker (3), common 

UWSP museum collection is 110 mm (4.3 in) TL. carp (26), central stoneroller (2), creek chub (6), golden 

The silvery minnow has the long intestine, the shiner (1), bullhead minnow (22), bluntnose minnow 
simple pharyngeal teeth with well-developed grind- (9), suckermouth minnow (1), common shiner (12), 
ing surfaces, and the few, short gill rakers character- emerald shiner (13), spotfin shiner (102), sand shiner 
istic of the “mud-eating minnows,” and its food cor- (3), bigmouth shiner (11), stonecat (1), johnny darter 

responds to these structural pecularities (Forbes and (23), and banded darter (1). 
Richardson 1920). The digestive tracts of silvery min- 
nows from the lower Wisconsin River contained IMPORTANCE AND MANAGEMENT 
green algae, blue-green algae, and diatoms. Numer- The use of the silvery minnow as a forage species, 
ous diatom species, Oscillatoria spp., and filamentous except by the largemouth bass, loon, and common 
algal fragments were found in quantity, along with tern, is unknown, but its schooling habit in shallows 
sand grains and much unidentifiable organic debris, undoubtedly makes it vulnerable to other predators 
all microscopic in size. as well. 

The Mississippi silvery minnow is a schooling fish The silvery minnow is considered a good bait min- 
which moves along the bottom and feeds predomi- now in parts of the United States. In the East it has 
nantly on the bottom. Schools of 50-100 fish have been used extensively for food; there it takes the 
been seen in deep and quiet water (Forbes and Rich- hook freely during the spawning season, and is a de- 

ardson 1920). Because of the silvery minnow’s reluc- sirable bait for black bass, perch, and northern pike 
tance to break formation, dealers who seine for bait (Adams and Hankinson 1926). 
are able to collect large numbers of them. During early In Wisconsin, the silvery minnow is not hardy, and 

fall I have seen adults in small schools frequenting is consequently an undesirable live bait. Moreover, 
the sandy bottoms of streams of various sizes, from its numbers are not sufficient to ensure a continual 
small tributaries to large rivers. bait source. Since this minnow is small in Wisconsin, 

In the lower Wisconsin River, 68 Mississippi sil- its use as a food source to man is probably nil. 
very minnows were taken with the following spe- The eastern silvery minnow has been suggested as 
cies: gizzard shad (1), quillback (67), bigmouth buf- a possible forage minnow in the propagation of mus- 
falo (2), common carp (1), golden shiner (1), bullhead kellunge, which requires an early breeding minnow 
minnow (102), bluntnose minnow (5), emerald shiner to provide food for the newly hatched young (Raney 

(4), spotfin shiner (1,004), spottail shiner (9), river 1942). 

shiner (33), bigmouth shiner (1), channel catfish (1), Raney noted a mortality rate of 5% among eastern 

northern pike (1), white bass (18), walleye (1), west- silvery minnows in pond culture, which he attrib- 

ern sand darter (9), logperch (1), johnny darter (53), uted, in part, to depredations by kingfishers, large- 

smallmouth bass (7), largemouth bass (5), bluegill (2), mouth bass, and the disease fungus Saprolegnia. He 

black crappie (3), white crappie (1), and freshwater successfully propagated this species (110 thousand 
drum (6). A collection from the Blue River (Grant young per hectare) in a shallow, earthen pond, 0.06 

County) contained these species: Mississippi silvery ha in area. The pond was fertilized several times, but 
minnow (230), quillback (1), bigmouth buffalo (1), only natural food was available to the minnows.
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Bullhead Minnow pores of lateral line scales often distinctly marked 
with melanophores (“mouse tracks”). Dark blotch on 
dorsal fin near anterior base. Fins near base yellow- 

Pimephales vigilax (Baird and Girard). Pimephales—fat, ish or clear. Peritoneum silvery, with scattered dark 

head; vigilax—watchful. speckles, to dusky. 
Breeding male dark on head and body; intense 

dark blotch on dorsal fin; outer half of dorsal and 

2 caudal fins darkened; anterior 2 rays of pectoral fin 

s i -— dark pigmented; a golden orange band as wide as 

Vay. | ilitigsa, ee gat eS dorsal fin base extending from dorsal fin to belly 

aed a aq (Parker 1964). Large pointed tubercles in 2 rows on 

i cg snout, usually 4 in upper row, 5 in lower; fleshy gray 

= rugose pad of “skin” extending from nape to dorsal 
fin. In breeding female, minute tubercles in pits on 

snout. 

Male 70 mm, Wisconsin R. (Columbia Co.), 20 Sept. 1969 
ey 

“Soma ind equates ee ee. ee 

-s 

Female 53 mm, Wisconsin R. (Columbia Co.), 20 Sept. 1969 

DESCRIPTION Tuberculate male 77 mm, with fleshy pad on nape and back, 

Body stout, slightly compressed laterally. Average Wisconsin R. (Grant County}, 23 June 1962 
size 64 mm (2.5 in). TL = 1.24 SL. Depth into TL 

4.9-5.8. Head length into TL 4.9-5.3; top of head and Hybrids: Bullhead minnow x bluntnose minnow 

back behind head slightly flattened. Snout blunt, (Trautman 1957). 
even with or scarcely protruding beyond upper lip. 

Mouth small, terminal to almost terminal, and slightly SYSTEMATIC NOTES 

oblique; mouth extending to below region between The bullhead minnow has formerly appeared under 

posterior nostril and anterior margin of eye; barbel the generic names Ceratichthys, Cliola and Hypargyrus; 

absent. Pharyngeal teeth 4—4, slender, hooked, with it has had a thorough taxonomic review by Hubbs 

elongate cutting edges; sometimes serrated. Eye into and Black (1947). Two subspecies are recognized: Pi- 

head length 3.2-4.0. Gill rakers knoblike to short, mephales vigilax perspicuus (Girard), the northern 

conical, 6-8. Dorsal fin origin over or slightly behind form, whose range extends from Wisconsin to the 

origin of pelvic fin; dorsal fin rays 8 (short ray at front Alabama River system in Alabama and the Trinity 

of dorsal fin not tightly bound to first principal ray, River system in Texas (avoiding the upper part of the 

as is the case in most minnows); anal fin rays 7; pec- Red River system in Oklahoma and Texas) (Hubbs and 

toral fin rays 15-16; pelvic fin rays 8. Lateral line Lagler 1964); and P.v. vigilax (Baird and Girard), the 

scales 40—45; lateral line complete, slightly decurved. southwestern form, whose range extends from the 

Scales on back before dorsal fin small and crowded. upper Red River system to south of the Trinity River 

Digestive tract a simple S shape, 0.6-0.7 TL. Chro- as far as the Rio Grande basin in Texas and Mexico. 

mosomes 2n = 50 (W. LeGrande, pers. comm.). 

Back light olive, sides and belly silvery. In pre- DISTRIBUTION, STATUS, AND HABITAT 

served fish, a faint lateral stripe about width of pupil In Wisconsin the bullhead minnow occurs in the Mis- 

of eye, ending in a conspicuous basicaudal spot. Dor- sissippi River and Lake Michigan drainage basins. It 

solateral scale pockets faintly edged in pigment; is found in the Mississippi River and in the lower ex-
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tremities of its tributaries, including the Rock River now is common to abundant. In the Mississippi River 
system and the Fox River. it is among the most abundant species in the river. 

Early in this century the bullhead minnow was re- The bullhead minnow inhabits sluggish waters of 
ported in the Lake Michigan drainage from the Me- large inland streams, connected backwaters, and 
nomonee River (tributary of the Milwaukee River) by silty streams. In Wisconsin, it was encountered most 
Cahn (1927); Greene (1935) suggested that this fish frequently over substrates of sand (44% frequency), 
may have been a bait bucket release, or a recent im- mud (24%), clay (11%), gravel (11%), rubble (5%), 
migrant via highwater connections between the Rock and silt (5%). It occurred in waters of varying clarity, 
and Milwaukee river systems. No specimens are at different depths; it was found in large rivers and in 
known to substantiate this report. On 29 July 1960, the lower portions of tributaries 3.1-6.0 m wide. It 
however, nine specimens (UWSP 2318) were col- was seldom taken in riffles. Vegetation may or may 
lected from the upper Fox River (Marquette County). not be present. 
The site (T14N R9E Sec 23) is near the Wisconsin- 
Fox canal at Portage, the likely crossover point from 
the Mississippi River watershed. More collecting on BIOLOGY 
the upper Fox River is needed to determine the ex- In Wisconsin, spawning extends from June to Au- 
tent of the bullhead minnow population in those wa- gust. Gravid females have been taken from southern 
ters. The continued poisoning of portions of the Fox Wisconsin waters from late June to the beginning of 
River and adjacent waters with antimycin or other fish August. In Illinois, gravid females have been taken 
toxicants, for the purpose of carp removal, may jeop- as early as 21 May (Forbes and Richardson 1920). 
ardize or wipe out the only known Great Lakes pop- The spawning of the bullhead minnow takes place 
ulation of the bullhead minnow. beneath flat stones or debris in shallow pools or 

In the lower Wisconsin River, the bullhead min- slowly flowing water. Its reproductive habits are
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similar to those of the bluntnose minnow. The follow- land County), collected 19 June 1962, showed the fol- 
ing account comes from Parker (1964), who wit- lowing growth: 
nessed bullhead minnows spawning in aquariums. 

Spawning occurs at water temperatures of 25.6°C Calculated TL 
(78°F) or higher. The nest is constructed by the male fara at a 
under boards, rocks, stones, tree trunks, limbs, con- pee Ne ot a. Rane a = 
crete, metal pipes, or tile. As spawning time ap- Se 
proaches the males are aggressive, attacking intrud- i 2 be 69 S50 Bas 
ing males “with great speed and vigor.” At times, 
females go in and out of the nest while the male is Avg (weighted) 358 © 63.9 

there. At other times, a female remains outside the ®The annulus for the year of capture had not yet been deposited in the 

nest opening for hours without moving away. Parker leraest and oldest tien: 
(1964:233) provided this description: 

. The eight largest fish in this sample, 65-79 mm TL, 
v ‘onan | selected a nest site on 22 July, 26 days before were males of a breeding population. Females are 

ocated herself in ftont of it. Heressheiemained generally smaller than males. Maturity is reached at 
most of the day and night, moving away from the opening Tin fish 50 1 Th diti K f 

only during the feeding periods and returned soon after age fin fish Over oN mm tong. he conaiion ( 1) 
feeding. Several days later, the female was observed enter- bullhead minnows collected from the Black River 
ing the nest where she remained for a short period before (Jackson County) on 24 September 1975 averaged 0.98 
returning to her former position. Occasionally the male (0.84-1.09)(C. Piantino, pers. comm.). 
would come out and the female would enter. When she A large bullhead minnow, 94 mm (3.7 in) long, was 
came out, he re-entered. The exchange of positions oc- reported from Ohio (Trautman 1957). 
curred several times and finally the male took his former The bullhead minnow is omnivorous. In Minne- 

position in the nest and began to move from side to side. sota, it feeds extensively on algae and other vegeta- 

Both fish swam ina circular manner when entering or leav- tion, but it may also feed on small snails, on Hyallela, 
ing the nest and while moving about the aquarium during and on other small, bottom-dwelling animals (Eddy 
the spawning activities. and Underhill 1974). In Oklahoma (Parker 1964), in- 

A spawning session lasted about 10 minutes. Par- sects were found in all bullhead minnow stomachs 

ker did not see the actual release of eggs and sperm, examined; they consisted of many small aquatic lar- 
but he recorded that the male protects the eggs, driv- vae and adults, among which chironomids and psy- 
ing away fish twice his size. Constant movement of chodids were the most common. Small crustaceans 
the male beneath the eggs keeps the water agitated, constituted the greatest volume and cladocerans were 
and, in brushing the eggs with the skin pad of his the most abundant. The total volume of plant food 
back, he keeps them free of sediment. was relatively small. In a few stomachs, filamentous 

Parker noted that eggs hatch in 4.5—6 days at water green and blue-green algae constituted a large pro- 
temperatures of 26.1-28.3°C (79-83°F). Taber (1969) portion of the food. Diatoms, which were numerous 

illustrated the developmental stages from 5.7 to 12.7 in many stomachs, were usually associated with mud 
mm. According to Parker, in nature young bullhead and debris; their total volume was never more than 

minnows feed primarily on bottom ooze diatoms. 5% of the content of any one stomach. 
In Wisconsin, gravid fish were collected 19 June Parker observed that the bullhead minnow took 

from the Wisconsin River (Richland County). A 65- food 15-20 min after being brought to the laboratory 

mm fish, with ovaries 16.1% of body weight, held (pp. 230-231): 
390 orange, mature eggs 1.2 mm diam; yellow, im- If they did not catch the food while it was falling, they se- 
mature eggs of about equal number were 0.1-0.7 cured it from the bottom by tilting the body slightly so that 
diam. A 55-mm fish, with ovaries 19.9% of body the long axis of the body formed a 35-40° angle with the 
weight, had 320 ripe eggs 1.0 mm diam; and a 56-mm tank bottom. Ground shrimp, apparently preferred to 
fish, with ovaries 17.2% of body weight, held an es- other foods, was usually caught as it fell through the water. 

timated 335 ripe eggs 1.1 mm diam. The fish captured Daphnia by rapid pursuit. Prepared dry 
In the Wisconsin River (Iowa County), on 8 August foods or other nonmotile foods were readily taken if no live 

young-of-year were 20-36 mm TL. On 21 October in foods were in the aquaria, but were refused sometimes 

a downstream site (Grant County), the smaller young- whervlivestoods wereiavallable, 
of-year were 26-32 mm TL, implying a late spawn- The bullhead minnow is a schooling fish during 
ing. the daytime, and disperses at night while resting 

Bullhead minnows from the Wisconsin River (Rich- (Parker 1964). Vision plays an important role in the
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formation and maintenance of schools. The minnows minnow (5), fathead minnow (1), emerald shiner 

in schools are at a small, nearly uniform distance (31), spotfin shiner (1,704), river shiner (1), sand 
from one another. Individuals in the school engage shiner (1), bigmouth shiner (6), brassy minnow (5), 
in circular movements (“milling”) while the rest of yellow bass (1), yellow perch (4), walleye (1), log- 

the school remains relatively stationary; milling be- perch (3), johnny darter (14), smallmouth bass (1), 

gins when the school makes a sharp turn of 180° or largemouth bass (10), bluegill (3), and brook silver- 
more. When undisturbed, the school tends to break side (4). 

up, becoming “diffuse and amorphous,” but, when 
the aquarium is approached or is vibrated by sound, IMPORTANCE AND MANAGEMENT 
the fish hasten to reschool. Parker suggested that In Iowa, the bullhead minnow is an excellent forage 
schooling is part of a “fear” reaction, which has been fish, and is used extensively by anglers as bait for 
reported in many other species of fish. Parker noted panfish and bass (Harlan and Speaker 1956). It is not 
that schools do not form during spawning, but re- known to what extent this minnow ends up in the 
form after spawning activities have occurred. bait buckets of Wisconsin fishermen, but the large 

In the Wisconsin River (Iowa County) 1,206 bull- numbers available suggest at least limited use. 
head minnows were associated with the following Bullhead minnows transport and hold well in tanks, 
species: river and/or highfin carpsucker fry (21), and eat dry food readily, but are too nervous to be 
shorthead redhorse (1), speckled chub (3), bluntnose good bioassay animals (Gould and Irwin 1962).
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Bluntnose Minnow aN 

{ 
Pimephales notatus (Rafinesque). Pimephales—fat, head; 

notatus—spotted. v 
Other common names: blunt-nosed minnow, blue- 

nosed chub, bullhead minnow, fat-head chub. 

ae 

at y << Se 

Male (tuberculate) 82 mm, Mud Branch Cr. (Lafayette Co.), 29 | 
June 1960 

oD rere Alimentary tract of the bluntnose minnow, diagrammatic 

ss sonal a lateral stripe, edged in pigment. Faint lateral stripe 
Be about width of pupil of eye extends from behind eye 

to caudal peduncle, terminating in a distinct, wedge- 
Female 77 mm, Pewaukee L. (Waukesha Co.), 9 Sept. 1961 shaped basicaudal spot. Caudal spot and lateral 

stripe sometimes absent from living fish, and best 
DESCRIPTION seen in preserved specimens. Peritoneum black. 
Body elongate, cylindrical, and weakly compressed Breeding male almost black, with whitish pad on 
laterally. Average length 64 mm (2.5 in). TL = 1.21 forward part of back; often lower fins have an orange 
SL. Depth into TL 4.9-6.9. Head length into TL hue. Tubercles (about 14-17) large, sharp, in 3 rows 
4.7-5.5; top of head and back before dorsal fin broad across the snout, not extending above the nostrils; 
and flattened. Snout blunt and rounded, slightly pro- small tubercles may occur on anterior pectoral rays. 
truding anterior to the upper lip. Mouth inferior, A thickened, barbel-like swelling at corner of mouth. 

slightly oblique to horizontal, extending to below Hybrids: Bluntnose minnow x fathead minnow, 
posterior nostril; barbel absent (breeding male with a bluntnose minnow xX bullhead minnow (Trautman 
blisterlike swelling of skin at corner of mouth). Pha- 1957). 

ryngeal teeth 4—4, broad and flattened; teeth slightly 
hooked, with long, often serrated, cutting edges. Eye DISTRIBUTION, STATUS, AND HABITAT 

into head length 2.74.0. Gill rakers short, pointed, In Wisconsin the bluntnose minnow occurs in the 
flattened (like tip of leaf), 8-10. Dorsal fin origin Mississippi River, Lake Michigan, and Lake Superior 
slightly behind origin of pelvic fin; dorsal fin rays 8 drainage basins. It is widely distributed, except in the 
(short ray at front of dorsal fin thickened and sepa- Lake Superior basin, where distribution is spotty. 
rated from first principal ray, rather than splintlike From the standpoint of distribution and numbers, 
and tightly bound to first major ray, as is the case in the bluntnose minnow is the most successful fish 
most minnows); anal fin rays 7; pectoral fin rays species in Wisconsin. It appears to be doing well 
15-16; pelvic fin rays 8. Lateral line scales 40—44; lat- even in the heavily populated sectors of the state. It 
eral line complete, slightly decurved. Scales on back probably benefits from the increased spawning sites 
before dorsal fin small and crowded. Digestive tract made available to it by man—rocks, concrete, metals, 
1.0-1.2 TL. Chromosomes 2n = 50 (W. LeGrande, wood, and trash which are thrown into our water- 
pers. comm.). ways. Its status appears to be secure. 

Back light olive green, sides silvery, belly silvery The bluntnose minnow occurs in lakes, ponds, 
white. Fins with yellow to olive tint; dorsal fin often rivers, and creeks in a wide variety of habitats. In 

with a dusky blotch near front about one-third of Wisconsin, it was encountered most frequently in clear 
way up from base. Scale pockets, especially above water, and commonly in slightly turbid to turbid
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water. It was found at varying depths over substrates adhesive eggs are stuck to the underside of any con- 
of gravel (24% frequency), sand (23%), mud (13%), venient flat object, such as a log, piece of bark, hard- 
silt (13%), rubble (11%), clay (7%), boulders (6%), pan clay, rock, or mussel shell. If natural objects are 
detritus (2%), and bedrock (1%). It is seldom taken absent, the bluntnose minnow male constructs the 
over marl. It occurred in streams of the following nest under a tin can, board, tile, piece of tar paper, 
widths: 1.0-3.0 m (19%), 3.1-6.0 m (24%), 6.1-12.0 barrel, metal wash basin, milk can top, etc. 
23%), 12.1-24.0 (25%), 24.1-50.0 m (7%), and more Hubbs and Cooper have described nest construc- Pp 
than 50 m (3%). It was often associated with sub- tion by the male (p. 69): 

merged vegetation. ... After the site was definitely selected, he began con- 
structing the nest—a long task which consisted chiefly of 

BIOLOGY . . making a shallow cavity in the bottom underneath the ob- 
In Wisconsin, spawning probably extends from May ject, and cleaning off the under surface of the object where 
to August. In central Wisconsin, gravid females and the eggs were to be laid. In excavating the cavity, the male 
tuberculate males were taken as early as 25 May, and cleaned out the silt, sand and small pebbles by violent 
a male in full breeding habit was taken as late as 19 sweeps of the tail, and pushed out stones, sticks and other 
August. Water temperatures at spawning are 21.1- larger objects with his horny snout. In cleaning that part of 
26.1°C (70-79°F). the under surface of the chosen object which forms the roof 

The spawning and nesting behavior of the blunt- Sack 7 cavity, the male pe a and his imate 
nose minnow have been thoroughly discussed by ack. She entire process of selecting the nesting site an 
Hubbs and Cooper (1936), and most of the following budding thencstaequired ar-hour or two: 
account has been taken from that source. Each nest is constantly protected by a single male, 

Nests are constructed over sand or gravel shoals, who guards it against the intrusion of all fishes other 
at water depths of a few centimeters to 2.5 m. The than his own mates. He is able to drive away fishes
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twice his size. Often he constructs a narrow slit be- dividual females entered nests, laid 25-100 eggs, and 
tween the spawning object and the bottom so that no left within 10-30 min. More than 5,000 eggs were 
fish much larger than himself could reach the nest, laid in a single nest within 48 hr, presumably by sev- 

even if he failed to guard it. The bluntnose minnow’s eral females. 
ability to guard its nest against larger intruders has The presence of the parent bluntnose male is nec- 
been described by Hubbs and Cooper (1936:71): essary to ensure a continuous movement of water 

. .. A school of a dozen or more of these sunfish (green over the eggs, and to keep the a free from sedi 

sunfish) kept constant vigil about each nest, all facing the mient, Westman (1298) observes iabiegge wich. a 
nest in an almost perfect two-foot circle. They were ob- not reached the eyed stage in development would 
viously waiting their chance to dash into the nest for the die within 12 hr after the parent male was removed. 
eggs, or to eat the newly-hatched fry as soon as the latter Hankinson (1908) noted that the male stood guard 
left the nest. Occasionally one of the sunfish became bold even after the minute young had hatched and swum 
enough to approach within a few inches of the nest, when away; he also observed a male bluntnose minnow 
suddenly a black streak was seen to dart at the intruder, guarding an empty nest for more than a day after the 
who immediately retreated as the male Blunt-nosed Min- eggs had all been hatched. 
now returned to his post. Rarely, if ever, was the intruding Gravid females were collected from Mill Creek 
sunfish so bold as to stay and “fight it out” with the male (Richland County) on 29 June 1962. A 64-mm fish, 

minnow. with ovaries 12.6% of body weight, held 390 yellow- 
Occasionally a nesting object, such as a long board, white, ripe eggs 1.2 mm diam. A 65-mm fish, with 

has under it closely associated groups of nest-guard- ovaries 10.5% of body weight, held 485 maturing 
ing males; there may be one nest per linear foot of eggs 1.0-1.1 mm diam. A third female, 68-mm TL, 

board. When such nesting objects are disturbed and with a gonad/body weight index of 7.3%, had evi- 

the males driven off, a riot ensues (p. 71): dently just spawned; she contained only about a 

: dozen ripe eggs, and 320 immature eggs 0.3-1.0 mm 
... they (the males) usually do not return until after a diam, suggesting a second spawning later in the 
lapse of several minutes. Each male then spends several 
minutes thoroughly examining the entire area about and — 
beneath the spawning object before he becomes sufficiently In New York ponds (Westman 1938), all eggs ob- 
oriented to again assume the guardianship of his nest. served became eyed after a period of 3-5 days on the 
When the males are thus seeking out their own nests, the spawning tile, and hatched after 6-10 days. Dead eggs 

general region about the nesting object becomes a tumult were never found in the nests, and Westman sug- 

of confusion. They swim about from one nest to another, gested that such eggs either drop from the tile and 

fighting every male encountered; like tiny bulls, they lunge remain undeveloped, or that they are removed from 

into one another with their horns. The general confusion is the tile by the male. 
often further complicated by the presence of supernumer- The newly hatched larva is 4.6 mm, and at 3 days, 
ary males or of small fishes that have entered the nest to 5.5-5.7 mm (Fish 1932). Fish has illustrated the 
feed on the eggs. The battle royal, which usually lasts sev- stages through 12 mm, and described the stages 
eral minutes, ends when each male again becomes resigned i h the 17.8- dale: The soune ap- 
to the guardianship of his own nest. i TOUS eC 1-CIMM), YOUNG iaaut: y § ap 

pear in groups near the surface of the water 8 days 
Spawning frequently occurs at night (Westman after hatching. 

1938), but Hubbs and Cooper (1936) found that In ponds near Madison (Dane County), bluntnose 
spawning also occurs in the daytime. Westman con- minnows were 23 mm on 10 July, and averaged 42 
cluded that not only will several females spawn with mm TL on 17 October (Neess 1947). This retarded 
a single male, but also that more than one female will growth rate was thought to be due to the late spring 
spawn with the same male during a single night. in 1947, since in previous years about one-half of the 

A female bluntnose minnow may spawn a batch of population was 45 mm long or longer at the end of 
40-408 eggs (Westman 1938) per spawning. Spawn- the first year. 
ing may occur two or more times a year. The eggs are In Michigan, Hubbs (1921) estimated growth early 
usually placed close together in one layer in a in the bluntnose minnow’s first summer as 0.48 mm 
roughly circular or oblong patch 8-10 cm or larger; per day during a 30-day period. In Minnesota (Lux 
another layer may be added if space is limited. Ob- 1960), young-of-year showed the following growth: 
servation of nests indicates that not all spawning 15 mm on 28 June, 18 mm on 15 July, 26 mm on 27 
takes place at one time; nests normally contain both July, 32 mm on 14 August, and 38 mm on 28 August. 
freshly laid eggs and eggs in an advanced state of The young bluntnose minnows live on or near the 
development. Hubbs and Cooper observed that in- shallow-water breeding grounds of their parents.
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The bluntnose minnow in Pewaukee Lake (Wau- fish move out of their normal habitat among the 
kesha County) grows rapidly, attaining a calculated aquatic plants and into shallow areas at each end of 

total length of 51.3 mm at the first annulus. The age the lake, where there are swarms of chironomids. 

composition of a 9 September collection was: 0—43.5 Scuba observations indicate that bluntnose minnows 
(38-49) mm; I—61.3 (54-67) mm; and II—82.2 (77- are not active at night, but rest quietly on the bottom 

85) mm. In a 27 September collection from the west- in open areas. 
erm end of Lake Mendota (Dane County) (D. Schmitt, In Lake Mendota (Dane County) during the winter 

pers. comm.), the calculated total length at the first the bluntnose minnow is found on the bottom at 
annulus was 43.3 mm, and the age composition was: depths of 11-18 m (35-60 ft) (Black 1945b). When the 

0—43.1 (24-57) mm; I—60.9 (55-66) mm; and II— ice cover has gone, the bluntnose enters the shoal 
75.1 (71-80) mm. In a 16 September collection from areas. It occasionally leaves the shore regions if tem- 
the Plover River (Portage County), the calculated to- peratures, wind, or other factors, such as the pres- 
tal lengths at the first and second annuli were 39.5 ence of enemies, produce unfavorable conditions. 
and 60.9 mm respectively, and the age composition Hankinson (1908) noted that the bluntnose is much 
was: I—52.5 (50-55) mm; II—64.0 (58-70) mm; and less common in shallow water during the summer 

I1I—86.7 (81-92) mm. The annulus for the year was than in the spring. He also noted that in Walnut Lake 

just being deposited for the largest and oldest fish in (Michigan) it is most common over gravel bottoms 
these collections. and near submerged plants, rather than where the 

Females reach maturity at age I, and males at age bottom is marly. 
II (Westman 1938). Females may pass through at least In Long Lake (Minnesota), Moyle (1973) noted two 
two spawning seasons, and possibly a third. seemingly contradictory tendencies in the bluntnose 

Males reach a length of 102 mm (4 in), and females, minnow’s habitat preference: (1) a tendency to asso- 

76 mm (3 in) (Dobie et al. 1956). The maximum ciate with larger schools of mimic shiners in water 

known total length reported is 108 mm (4.3 in) (Traut- less than 1 m deep, and (2) a tendency to stay in 
man 1957). small schools in water 2-4 m deep, among aquatic 

The bluntnose minnow is primarily a bottom plants. Moyle observed an interesting relationship 
feeder, supplementing its diet with surface insects with the mimic shiners, in which the bluntnose min- 
and plankton (Moyle 1973). Keast (1965) classified nows in independent schools of 10-15 fish swam im- 
this species as a specialized feeder, since the bulk of mediately behind and slightly beneath the large 
the diet is made up of three items. Food consists schools of mimic shiners. He presumed that the 
chiefly of small organisms taken from the bottom, bluntnose were attracted by the protection and feed- 
from water plants, and from the water. The literature ing advantages that a large school of fish could 
includes a number of reports in which diatoms and afford. Among aquatic plants, bluntnose minnows 
filamentous algae constitute a substantial part of its were usually found in independent schools of 10- 
diet. In Minnesota during the winter, Moyle found 20 fish, which sought out the silty-bottomed open- 
the gut of this minnow packed with 90% large dia- ings that were scattered among the beds of aquatic 
toms and 10% filamentous algae; he suggested that plants. 
algae probably make up most of the winter diet of That the bluntnose minnow has a keen sense of 
this species. smell, and can discriminate between the odors of 

In August and September, the bluntnose minnow aquatic plants, suggests that in nature it can separate 
in Green Lake (Green Lake County) consumed insect odors as it swims about, much as a dog follows a trail 
larvae (50%) and insect pupae (50%); in Lake Men- amid a distracting host of odors (Walker and Hasler 

dota (Dane County), it consumed adult insects (25.6%), 1949). These authors imply that odor discrimination 

cladocerans (31.4%), copepods (14.1%), plants may guide fish to feeding grounds, and may prevent 

(14.3%), algae (10%), and bottom ooze (4.3%) (Pearse immature fish from straying from cover. The original 

1921a). It is also known to eat fish eggs, fish fry, oli- work done by Hasler and others with the bluntnose 
gochaetes, debris, silt, and even its own young (Do- minnow suggested that other natural odors may be 
bie et al. 1956). Hankinson (1908) saw individuals responsible for directing migratory fishes (such as 
feeding on the eggs of black bass, johnny darters, salmon) to locate their own homing areas. 
sculpins, and sunfish of three species. At an acclimation temperature of 25°C (77°F), the 

In Long Lake (Minnesota), Moyle (1973) observed bluntnose minnow has an upper tolerance limit of 

that in the early morning bluntnose minnows feed 33°C (91.4°F); at an acclimation temperature of 15°C 
heavily on emerging chironomids. Apparently these (59°F), it has a lower tolerance limit of 1°C (33.8°F)
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(Bardach et al. 1966). Numbers of bluntnose min- been disturbed by large animals such as man, and 

nows died in a shallow Michigan pond as a result of wading cattle; the eggs may also be eaten by turtles 
a 38°C (100.4°F) water temperature (Bailey 1955). and snails (Hubbs and Cooper 1936). 

With its wide distribution in most aquatic habitats, In Wisconsin, this minnow is used extensively as 

the bluntnose minnow comes into contact with most bait for bass, perch, crappies, white bass, and other 
species of Wisconsin fishes. In Spencer Lake (Wau- panfishes. It is considered a good bait minnow, for it 
paca County), 922 bluntnose minnows were associ- lives well on the hook, although it succumbs when 
ated with these species: hornyhead chub (1), creek crowded in small containers, especially during warm 
chub (3), fathead minnow (25), common shiner (118), weather. 
blacknose shiner (1), mimic shiner (83), yellow perch Since the diet of the bluntnose minnow is partly 
(2), johnny darter (3), green sunfish (3), and bluegill herbivorous, and since its animal food consists chiefly 

(8). of the smaller organisms, it lends itself to pond cul- 
ture. In a small pond in Michigan, it has been prop- 

IMPORTANCE AND MANAGEMENT agated at the rate of 262,000 fish and 280 kg/ha 
The bluntnose minnow undoubtedly serves as an im- (104,800 fish and 250 Ib/acre). In Ohio, 1,183,000 

portant forage fish, and is probably taken by black bluntnose minnows have been raised to a hectare of 
bass, walleyes, northern pike, burbot, and other pis- water (Dobie et al. 1956). Neess (1947) noted that 

civores. Its eggs are probably eaten by crayfish, min- there was an average of about 50 young produced 

nows (including nonspawning bluntnose males), per pair of adults planted in newly dug ponds near 
leeches, and sunfish, especially when the nests have Madison (Dane County).
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Fathead Minnow ee 

Pimephales promelas Rafinesque. Pimephales—fat, head; | 
promelas—in front, black. 

Other common names: northern fathead minnow, / 
blackhead minnow, Tuffy minnow, fathead. \ 

2 

. i P S 

SF a ae 

Male (tuberculate) 85 mm, Tomorrow R. (Portage Co.), 2 July | 

1958 ~ 

Alimentary tract of the fathead minnow, diagrammatic 

Back and sides to lateral stripe dark olive; below 
re tee lateral stripe, whitish with black peritoneum show- 

te. CRBESSiNg eee Zz ing through belly. Lateral stripe, extending from cau- 

a ee = dal peduncle to head, faint to distinct in young, in 
ie Wi aaa Se nonbreeding adults, and in breeding females; in 
= ™ breeding males stripe is absent, or, if present, diffuse 

anteriorly. Basicaudal spot small to absent. Males 
with a black blotch on lower third of first 2 or 3 rays. 

Female 65 mm, Tomorrow R. (Portage Co.), 2 July 1958 Scale pockets above lateral stripe distinctly edged in 
pigment; scale pockets below stripe, only faintly pig- 

mented. Peritoneum black. 
DESCRIPTION Breeding male black on head; rest of body, includ- 
Body short, stout, slightly compressed laterally, often ing fins, dark. Breeding tubercles in 3 main rows on 

with a fat belly. Average length 51 mm (2 in). TL = snout, several tubercles on lower jaw, scattered mi- 
1.22 SL. Depth into TL 3.6-5.0. Head length into TL nute tubercles on top of head. Fleshy gray pad of 
4.0-4.9; top of head and back behind head slightly “skin” extending from nape to dorsal fin. Breeding 
flattened. Snout blunt, extending slightly beyond up- female with distended belly. 
per lip. Mouth small, almost terminal, strongly Sexual dimorphism: A protruding urogenital struc- 
oblique to almost vertical; mouth extending to below ture (ovipositor) evident in female at least 1 month 

anterior nostril; barbel absent. Pharyngeal teeth 4—4; prior to spawning; absent in male (Flickinger 1969). 
teeth slender, scarcely hooked, with elongate cutting Hybrids: Fathead minnow x bluntnose minnow 
surfaces. Eye into head length 3.3-5.4. Gill rakers (Trautman 1957). 

short, pointed, flattened (like tip of leaf), 12-14. Dor- 

sal fin origin over, to slightly in advance of, origin of SYSTEMATIC NOTES 
pelvic fin; dorsal fin rays 8 (short ray at front of dorsal The subspecies ascribed to Wisconsin is the northern 
fin not tightly bound to first principal ray, as is the fathead minnow, Pimephales promelas promelas Rafin- 
case in most minnows); anal fin rays 7; pectoral fin esque (Hubbs and Lagler 1964). The apparent sub- 

rays 15-16; pelvic fin rays 8. Lateral series scales specific differences between the northern (north cen- 
43-49; lateral line short, incomplete. Scales on back tral United States) and southern (Texas and Oklahoma) 
before dorsal fin, small and crowded. Digestive tract forms were examined by Taylor (1954), who found 
long, 1.4-1.7 TL. Chromosomes 2n = 50 (Gravell that the characters used for separating the forms are 
and Malsberger 1965). highly variable and not conclusive.
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DISTRIBUTION, STATUS, AND HABITAT gravel (18%), silt (13%), mud (11%), boulders (9%), 
In Wisconsin, the fathead minnow occurs in all three clay (5%), detritus (3%), bedrock (1%), and marl (1%). 
drainage basins, where it is widely distributed. In the It occurred in streams of the following widths: 1.0- 

late 1920s (Greene 1935), its distribution center was 3.0 m (28%), 3.1-6.0 m (21%), 6.1-12.0 m (23%), 12.1- 

clearly in the unglaciated region of the state. Greene 24.0 m (19%), 24.1-50.0 m (9%), and more than 50 m 
attributed this to the fathead’s preference for waters (1%). Rooted aquatic plants may or may not be pres- 

which are subject to heavy silting. ent, but where fathead minnows are abundant much 

In Wisconsin, the fathead minnow is common to floating and submerged algae is present. 
abundant, and the status of this species appears se- 
cure. Since the 1920s, its incidence has increased, BIOLOGY 

particularly in the southeastern quarter of Wisconsin; In Wisconsin, spawning begins in late May and early 

the frequency occurrence of no other Wisconsin spe- June and lasts until the middle of August (Thomsen 

cies has risen as abruptly. Although the fathead min- and Hasler 1944). In the Madison area, the peak oc- 

now is the dominant fish in some isolated sloughs, curs in early July. At the Woodruff hatchery, spawn- 

small shallow ponds, and ditches, it seldom is taken ing occurred from 28 May to 30 June, and little activ- 

in large numbers. ity in northern Wisconsin was noted beyond that 

In northern Wisconsin, the fathead minnow fre- date (Williamson 1939). According to Markus (1934), 

quents boggy lakes, ponds, and streams; in southern the breeding dress of the males appears approxi- 

Wisconsin, it frequents small ponds and low-gra- mately 30 days before the first eggs are deposited, 

dient, silty streams and ditches. It was encountered and these secondary sex characters fade immediately 

in waters of varying clarity at depths up to 1.5 m over after the close of the spawning period. 

substrates of sand (20% frequency), rubble (19%), It is not clear whether temperature, photoperiod,
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or both trigger spawning in fathead minnows (An- The nest undergoing construction is defended 
drews and Flickinger 1974). Although some mini- against all fish. Males with prepared nest sites allow 
mum temperature requirement is indicated, the large some gravid females to approach the site, but drive 
number of first spawnings in May strongly support off males that approach within 50 cm of the nest. A 
day length as the major influence initiating spawning defending male may engage in tail-beating, a process 
activity. Temperature may be more important than whereby an intruding male is side-swiped with a 
photoperiod, however, once the reproductive cycle thrust of the defender’s tail. Tail-beating probably 
has started. Spawning begins in the spring when serves an intimidatory function, operating through 

water temperatures reach 15.6°C (60°F), and contin- the pressure-sensitive lateral line system of the 
ues until they drop in the fall to 15.6-18.4°C threatened fish. According to McMillan (1972), males 
(60-—65.1°F) (Prather 1957b). may also engage in snout-butting contests. In every 

In southern Wisconsin ponds, the fathead prefers observation, the incumbent male won out regardless 
a spawning substrate of sand to marl or gravel; the of size. One worker noted that males also drove ripe- 
last is chosen only when all other spawning areas looking females from the nest, and a great amount of 
have been taken over (Thomsen and Hasler 1944). persistence was required by the female before the 
The eggs are generally deposited on the underside of male accepted her in the vicinity of the nest. 
hard surfaces; in Thomsen and Hasler’s study, eggs Burrage (1961) described the courting behavior of a 

were deposited on boards with one end elevated, captive male and female. Three different activities 
and on stones, tiles, and strips of sheet metal. From were noted: sometimes the male simply admitted the 
the 320 nests Thomsen and Hasler observed, about female into the nest; at other times the male vigor- 
80% were at a depth of 0.75 m (2.5 ft). Some of the ously chased the female and coerced her into the nest 
nests were excavated under the board itself, and oth- area; or, he entreated the female to enter the nest. In 
ers were placed approximately 76 mm (3 in) above the last type of activity, the male swam from the nest 
the bottom of the underside of the board. The ma- in search of the female and, upon finding her, ma- 

jority of nests were at the point of contact between neuvered in front of the female, while directly facing 
the board and the bottom. Even lily pads and old her. The male would then cease maneuvering and re- 
tires may become nesting sites (McMillan 1972). turn to the nest. This he did several times, the female 

The male chooses the nesting site, and if the object approaching closer to the nest each time, before she 
selected lies flat on the bottom he digs a cavity under finally entered the nest. 
it; depending on the composition of the bottom, he McMillan (1972) noted a number of prespawning 
works from 1 to 10 hr. This process has been de- sessions in which the male and female, generally 

scribed by Andrews and Flickinger (1974:763): moving in a circular course, made close lateral 

. .. Males cleaned the underside of the object selected for contact wath cach Gi? and, woeited tapidiy while 
the nest site, using the head tubercles in a scraping action portions of their dorsal surfaces touched the roof 
and pulling pieces of algae and associated debris off the of the nest. McMillan described the spawning act 
nest surface with the mouth. Clearance beneath objects lo- (p. 75): 

oied on the gubetale nee achieved by creating a depres Finally, when a sufficient degree of vibratory stimulation 
An, beneath the object by a sweeping action of the caudal has been reached, the male lifts and presses the female’s 

, ventral surface against the object’s underside. In doing so, 
Investigations by R. J. Smith and Murphy (1974) he turns so that he is beneath the female and can use the 

indicate that the spongy dorsal pad of the fathead posterior part of his body to manipulate her upward. The 
male may play an important role in the preparation tubercles on his large pectoral fins also help him to grip the 
of the spawning site. Histological examination shows female tightly. As the fishes’ bodies are taut and strained in 

that the pad contains many mucus cells. Mucus se- this position, the female emits one or perhaps several eggs, 
* * 7 and the male probably releases sperm at this instant. Then 

creted by these cells is deposited on the Spawning they abruptly separate, although a new bout of vibrating 
surface during contact movements; it has been sug- may begin only seconds later. 
gested that this layer may improve conditions for egg 
attachment, may serve as a chemical signal marking The buoyant, adhesive eggs stick to each other and 
the breeding site, and may improve egg survival, to the undersurface of the nesting object. The eggs 
since mucus is known to increase resistance to dis- are usually deposited at night (Andrews and Flickin- 
ease and parasites in fish. In addition, taste buds in ger 1974), and after egg deposition has been com- 
the dorsal pad allow chemosensory sampling of the pleted, the male drives the female from the nest. 
spawning surface, eggs, and hatching young. One female fathead lays from 80 to 370 eggs at a
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time, and undoubtedly spawns several times during length of the newly hatched fry is 4.75 mm (Markus 
the summer (Thomsen and Hasler 1944). Markus 1934). Fish (1932) illustrated and described the 11.6- 
(1934) observed 36-12,000 eggs per nest. If it is early mm stage. The average length at scale formation is 
in the spawning season, the male usually accepts 16.3 mm (Andrews 1970). 
more than one ripe female; and more than one fe- After hatching, young fathead minnows remain 
male deposits eggs in the nest cared for by a single near the nest until the yolk-sac has been absorbed. 
male; eggs are sometimes two layers deep over one Their growth rate is rapid. They may reach adult size 
part of the nest. Consequently, eggs of several differ- during their first summer of life, depending on the 
ent ages may be found in a single egg mass. When amount of food available. At Fairport (lowa), Marcus 
the breeding season draws to a close, males abandon reported that male fish hatched on 28 May showed 
nest sites and move to deeper water, seldom rejoin- secondary sex characters by 18 July, and females held 
ing the large schools of mature females (Andrews mature eggs by 24 July. They spawned immediately 
and Flickinger 1974). Whether one male remains at a and their young attained a length of 55 mm before 
nest site for the duration of the spawning season, or winter, and were sexually mature for the early 
whether there is a succession of males at that site, is spawning period the following spring. Young only 25— 
unknown. 30 mm at the time winter set in did not spawn early 

Each nest is guarded by one fathead male, who the following spring, but began later in the season. 
constantly swims back and forth beneath the eggs, Early-hatched fish may spawn later the same year, 
stroking them with his back. His function is three- even as far north as Iowa and Minnesota (Isaak 1961, 
fold: to protect eggs from predators (even females eat Lord 1927). 
the eggs if given the chance), to provide fresh water The rate of growth of the young fathead under nor- 
and remove wastes by agitating the water about mal conditions follows: 20 days—10 mm, 40 days— 
eggs, and to keep the eggs free from sediments (Mar- 19 mm, 60 days—29 mm, 80 days—39 mm, 100 
kus 1934). McMillan (1972) observed that while car- days—50 mm, and 120 days—58 mm. In Elk Creek 
ing for the eggs the male nibbles at the egg mass to (Buffalo County), young-of-year collected 27 Septem- 
remove fungus-infected or otherwise “bad” eggs, ber 1975 were 26-48 mm TL. 
which he eats; the rest of the batch is then protected In a collection from Meadowbrook Creek (Forest 
from infection. County) taken 28 June, the calculated total lengths at 

According to Dobie et al. (1956), males die 30 days, the first and second annuli were 29.5 and 56.3 
and females 60 days, after the onset of spawning. In mm respectively (M. Ebener, pers. comm.). The age- 
rearing ponds, Markus (1934) found that most age-I length composition of this collection was: I—50.6 
fish die after spawning, and that only 15-20% of the (47-55) mm, and IJ—64.7 (57-72) mm. Ina 5 June col- 

population reaches age II. lection from Sawyer Bay (Door County), Ebener cal- 
In Wisconsin, gravid female fathead minnows were culated lengths of 32.6 and 54.4 mm at the annuli; 

collected from Sawyer Bay (Door County) on 5 June age-length composition was: I—53.8 (45-60) mm, 
1962. A 65-mm fish with ovaries 16.4% of body weight and IJ—61.4 (52-70) mm. In a 28 September collection 
had 695 orange, mature eggs 1.0 mm diam, and a from Pigeon Creek (Trempealeau County), all indi- 
greater number of immature, yellow eggs 0.3-0.7 mm viduals were age I; they were 52-71 mm TL (M. Fero, 
diam. A 62-mm fish with ovaries 13% of body weight pers. comm.), and had a calculated total length of 

held 1,325 ripening eggs 0.8 mm diam, and an equal 36.8 mm at the first annulus. In all populations male 
number of immature eggs 0.2-0.6 mm diam. In Iowa fathead minnows grow more rapidly, and to a larger 
(Carlson 1967), total egg counts of females from the size, than females. This is characteristic of species of 

Skunk River on 5 July 1966 were 802-2,622, of which minnows in which the males guard the nest, whereas 

about one third were ripe. At Fairport (Iowa), Mar- the female is usually larger where no nest-guarding 
kus (1934) recorded one female depositing eggs on occurs. 

the same male's nest 12 times between 16 May and As indicated above, some populations of fathead 
23 July; a total of 4,144 offspring were recovered from minnows may mature in the same year they are 
this pair. hatched (age 0). Other instances of such rapid devel- 

The eggs hatch in 4.5—6 days at 25°C (77°F) (Hasler opment to maturity are unknown or rare among 

et al. 1946). Manner et al. (1977) have investigated fishes in the northern part of the United States. In 

the ultrastructure of the chorion of the fathead min- Wisconsin, where the water temperatures are lower 
now and Niazi (1964) discussed the development than the Fairport (Iowa) Hatchery ponds, most indi- 

of the Weberian system and early embryology. The viduals will not mature until at least their second
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summer of life (age I), and some individuals probably The fathead is often found in lakes where most 
do not mature until their third summer (age II). Age- other species succumb to winterkill; it may survive in 
Ill fish rarely appear in collections (Carlson 1967, muskrat burrows at such times (Carlander 1969). It is 
Held and Peterka 1974, Chadwick 1976). tolerant of both clear and turbid waters, and of a 

The largest fatheads observed, 90-101 mm TL, wide range of pH. 
were reported from Smithys Lake (Nebraska) (Mc- In Little Hemlock Creek (Wood County), 190 fat- 
Carraher and Thomas 1968). head minnows were collected with these species: 

The fathead minnow is an opportunistic feeder. In white sucker (75), blacknose dace (28), creek chub 
northern Wisconsin ponds, the stomach contents of (75), pearl dace (6), northern redbelly dace (32), 

fatheads consisted of algae, fragments of higher bluntnose minnow (13), common shiner (178), black- 
plants, and mud (Williamson 1939). In southeastern nose shiner (12), bigmouth shiner (6), brassy min- 

Wisconsin (Cahn 1927), the fathead was observed to now (3), black bullhead (1), central mudminnow (13), 
be a bottom feeder, grubbing in the soft bottom for blackside darter (1), johnny darter (13), pumpkin- 

insect larvae, which formed over 90% of its diet. seed (3), and brook stickleback (6). 
In a Missouri pond (Divine 1968), fathead min- 

nows less than 35 mm long ate a variety of foods, 
including higher plant materials, filamentous algae, IMPORTANCE AND MANAGEMENT 

and colonial algae. In another pond, the dominant The fathead minnow is an ideal forage fish, since it is 

food item changed each month: filamentous algae widely distributed, small, and highly prolific, and 

(Spirogyra, Mougeotia) in June, copepods in July, Cla- has a prolonged spawning period, assuring the avail- 
docera in August, and insects in September. All ability of recently hatched or small fatheads to preda- 
larger fish consumed a greater variety of organisms, tors throughout the summer months. All fish-eating 

including—in addition to those mentioned above— birds and fishes associated with it must at one time 
protozoans, rotifers, and insects; insects constituted or another use this minnow as food. Isaak (1961) 
more than 85% of the diet in August. noted that large leeches and painted turtles prey on 

The upper limit of the fathead minnow’s temper- the eggs of fathead minnows and destroy many fat- 
ature tolerance (permitting 50% survival) is 33°C head nests. The male’s attempts to ward off these 
(91.4°F); the lower limit is 2°C (35.6°F) (Bardach et al. predators are futile. 

1966). Temperature preference, determined experi- The fathead minnow is unable to maintain itself in 
mentally, was 22.6°C (72.7°F) (Jones and Irwin 1962). streams or lakes which have a heavy population of 

Brungs (1971) evaluated the chronic effects of con- predacious fish. In Wisconsin, the fathead is least 

stant elevated temperatures on this species: the num- common in streams which support numerous other 
ber of eggs produced per female, the number of eggs kinds of fish; where the fathead does occur in such 

per spawning, and the number of spawnings per fe- waters, it is generally found to be at depressed popu- 
male were gradually reduced at successively in- lation levels. It becomes abundant in streams “pecu- 
creased temperatures above 23.5°C (74.3°F). No liar in having emergent vegetation in pools, and a 
spawning or mortality occurred at 32°C (89.6°F). scarcity of other minnows” (Starrett 1950a). 

The fathead minnow probably exhibits the great- In Wisconsin, the fathead minnow is a major bait 
est ecological diversity of all cyprinids occurring in fish, available at most bait stations. It is ideal bait for 
North America. Cross (1967) referred to it as a crappies, perch, white and yellow bass, and rock 

“pioneer” (p. 151): bass; the largest adults are suitable for walleyes, 

bass, and larger game fish. The fathead is one of the 
. . . Itis one of the first species to invade intermittent drain- hardiest of fishes, and, if hooked through the lips or 

age channels after rains, and it commonly progresses up- the tail, or under the dorsal fin, it will stay alive for a 
stream into farm ponds via their spillways. It is one of the numberof hours. 

last species to'disappear from small muddy; isolated pools The fathead minnow has been used extensively as 
that remain in stream channels during droughts. This spe- : 5 F ‘ 
cies has other attributes of hardiness that enable it to flour- a testing animal, and culture unis of fathead min- 
ish where few other fish survive. It seems unusually toler- nows for this purpose are maintained at research 
ant of pollution, in streams having little oxygen as a laboratories (Benoit and Carlson 1977). Numerous 
consequence of sewage influx or barnlot drainage, and in studies of the effects of toxic substances on the fat- 
other streams that are saline owing to effluents discharged head minnow’s body tissues, eggs, and fry are re- 
by the petroleum industry. ported in the literature.
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When St. Louis encephalitis, in epidemic propor- had been removed and unwanted algal blooms di- 
tions, precipitated serious concern throughout most minished. 
of Illinois in the summer and fall of 1975, the fathead Since the chemical elements in the holding ponds 
minnow, the blackstripe topminnow, and the golden are the same as the fertilizers purchased by fish cul- 
shiner were recommended as possible natural con- turists and dispersed by them in their ponds to in- 
trols against its vector, the mosquito (P. W. Smith crease minnow productivity, tertiary ponds inher- 
1975). ently save the cost of the fertilizer. If fathead minnows 

In recent years, the fathead minnow has been used are stocked to holding ponds where they will be able 
in Minnesota for mosquito control. Eddy and Under- to feed on the algae produced in the nutrient-rich wa- 
hill (1974:249), writing of the program in the St. Paul- ters, and where they can reproduce and grow to 
Minneapolis area, observed: adult size, they will be converting effluent nutrients 

. . . The Metropolitan Mosquito Control District has aban- unto UNOW flesh. As the fathead TUANOWS are har- 
doned insecticides and has stocked these minnows in the vested, the organic load within the tertiary ponds 
sloughs, ponds, and ditches where mosquitoes breed. The will be reduced. Also, the moneys earned from the 
minnows have been successful in reducing the populations minnow sale might be used to help offset the costs of 

of larval mosquitoes in these areas to a satisfactory abate- construction and maintenance of the tertiary ponds. 
ment level. Because the shallow depth of many ponds re- Konefes and Bachmann observed that the use of such 
sults in frequent winterkills, those ponds will require con- ponds for fathead minnow production seems to bea 

tinued stocking, but the cost will probably be less than that viable approach toward both environmental preser- 
for chemical controls and will eliminate any possible side vation and conservation of natural resources. 
effects from insecticides. The program provides us with a In Wisconsin, from 45 kg (100 Ib) of fathead min- 

good example of biological pest control. nows stocked in a sewage treatment pond in White- 
In Iowa, Konefes and Bachmann (1970) suggested hall (Trempealeau County) over 3,270 kg (7,200 Ib) of 

introducing fathead minnow fry into one or more ter- fatheads were harvested in 3.5 months (A. Oehmcke, 
tiary holding ponds whose water source is the ef- pers. comm.). Sewage ponds are currently being used 
fluent of a sewage treatment plant. Such effluent wa- as holding ponds for feeding-out muskellunge fry 
ters, after having received primary and secondary prior to stocking (see p. 412). 
treatment (trickling filters), still contain high concen- The propagation of the fathead minnow has a rich 
trations of plant nutrients, such as nitrates, am- literature. Details of propagation have been outlined 
monia, and phosphorus. Huggins (1969) found that in Hasler et al. (1946), Markus (1934), Dobie et al. 

when the effluent water passes through several (1956), Hedges and Ball (1953), Forney (1957), and 

ponds arranged in a series, the water quality progres- Prather (1957b and 1958). In one study (Lord 1927), 
sively improved; the final pond released into the re- the production of fatheads was recorded as 505,000 
ceiving stream or downstream reservoir a discharge fish at approximately 133 kg/ha (202,000 fish and 119 
water from which significant amounts of nutrients Ib/acre).
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Sucker Family— 
Catostomidae 

Nineteen species of suckers in 8 genera are known from Wisconsin. 
The suckers are a compact group of 12 living genera and about 60 spe- 
cies, essentially North American. In the United States and Canada, 59 
species are listed in 11 genera (Robins et al. 1980). Only two representa- 
tives are found in eastern Asia—an ancient monotypic genus in China 
(Myxocyprinus), and Catostomus catostomus; the latter represents a recent 
invasion of a species widespread in northern North America. 

Fossil remains of suckers have been taken from deposits in British Co- 
lumbia, Nevada, and Colorado. The earliest reliably dated remains of the 

family in North America are from the Eocene, and are some 55 million 
years old (Miller 1959). It is believed that suckers arose in southeastern 

Asia and soon crossed a Bering land bridge to America, leaving a relict 
in China. 

It is generally held that the suckers are ancestral to (or at least more 
primitive than) the minnows; however, Eaton (1935), while studying the 

upper jaw mechanism in the bony fishes, concluded that suckers de- 
scended from minnows. The fact is that suckers are closely related to 
minnows, and frequently appear confusingly minnowlike. 

The sucker family is readily distinguished from native minnows by a 
difference in the distance from the front of the anal fin to the base of the 
caudal fin. In suckers, this distance is contained more than 2.5 times in 

the distance from the front of the anal fin to the tip of the snout; in 
minnows, the anal-caudal distance is contained fewer than 2.5 times in 

the distance from the anal fin to the snout tip. Old World minnows, such 
as the carp and the goldfish, resemble suckers in this respect, but may 

607
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be distinguished from suckers by their hardened spinelike rays at the 
front of the dorsal and anal fins. In suckers, the pharyngeal teeth are 
numerous, often comblike, and in a single row on each arch; in min- 

nows, there are fewer than nine teeth per arch, and these may be ar- 
ranged in one to three rows. 

In suckers, barbels are absent. The scales are cycloid. The mouth, 
usually on the lower portion of the head, is suckerlike; it is protrusible 
in many species. The lips are fleshy, with many folds or papillae, or both. 
Parts of the first four vertebrae are highly modified into a device known 
as the Weberian apparatus—a characteristic shared with minnows and 
many other freshwater fishes. The flesh of most sucker species is filled 
with numerous Y-shaped (intermuscular) bones. 

The pharyngeal teeth in the suckers are diagnostic in a number of spe- 
cies. Most have thin, comblike teeth; a few have strong, flat-topped, and 

molarlike teeth. Branson (1962) discusses in detail the structure and func- 

tion of the pharyngeal teeth. The sucker’s food is ground and swallowed 
by means of elaborate spindloid muscles, which move the pharyngeal 
arches against a massive dorsal pad. 

The pharyngeal pad in many suckers is swollen and thickened ven- 
trally, and it almost fills in the pharyngeal and mouth cavities, leaving 
only a narrow slit between the gill arches and the pad. In Carpiodes and 
Ictiobus only small animal and plant foods are ingestible. Their pharyn- 
geal teeth are small and weak, and the arches accordingly may be paper 
thin and extremely fragile. Large food organisms with hard parts cannot 
easily be accommodated by such a system. 

AN wy muscle and fascia 

0. } : \ SR / 

a: ‘A (nrc ons covered with membrane) cartilage Ke Ay} pharyng 

pharyngeal pad Ss ae Se gill rakers Sy ct 

Ss symphysis 

opening into gut 

Cross section just anterior to the arches bearing the pharyngeal teeth in the smallmouth buffalo 

Suckers play an important role in the early stages of the food chain. 
They feed largely on aquatic insects and their larvae, and on small mol- 
lusks, algae, and minute crustaceans. They are effective vacuum clean- 

ers, taking their food from the bottom muds, rocks, plants, and logs, 

and from the water itself. They are able to find their food by touch and 
taste as well as by sight. Such versatility may be responsible for their 
large numbers. In many Wisconsin waters, the total weight of the suck- 
ers surpasses the total weight of all the other fishes combined. Their 
value as a forage fish is well known, and suckers have been stocked in 

some waters as a food source for large sport fish.
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Midsagittal section through the head of the bigmouth buffalo, showing the small mouth 
and pharyngeal cavities 

Although suckers have been harvested by commercial fishermen in all 
Wisconsin drainages for many years, the small amounts they receive in 
price hardly pay the cost of handling. In the Wisconsin waters of Lake 
Michigan, sucker production in 1974 was 141,400 kg, which was valued 
at $8,787 (Wis. Dep. Nat. Resour. 1976c); the waters of Green Bay with 

85% of the harvest are the principal areas of production, and most suck- 
ers are taken incidentally to perch, whitefish, and alewives. In Lake Su- 

perior, the commercial catch for 1974 was 24,000 kg, and in the Missis- 
sippi River it was 21,300 kg. 

The catches noted above reflect the poor market conditions for suck- 
ers. Potentially, suckers could provide substantially more commercial 
production than the figures reported, since sucker populations are at 
high levels, with strong spawning runs and consistent year class 
strength. It has been estimated that 1.4—1.8 million kilograms of suckers 
could be taken annually from the American side of the Great Lakes. In 
Wisconsin, thousands of kilograms could be harvested yearly from many 
of our inland lakes and streams without harming the seed stock. 

In Wisconsin consideration should be given to elevating the suckers to 
the level of sport fishes. Large suckers are spectacular fighters when 
hooked, and on the table they pose excellent fare. They are a notable 
resource which has been unjustly overshadowed by sport fish, some of 
which are inferior in fighting and eating qualities. 

Unfortunately, the sucker’s image as a “trash fish” and “rough fish” 
has not been corrected by our public agencies, and the public persists in 
the view that suckers are valueless, tasteless, nuisance fish. The fact is 

that, as fish flesh goes, suckers are among the largest and tastiest of 
fishes. They have other desirable qualities: they are low in cholesterol, 
high in protein, and can be refrigerated for long periods without much
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deterioration in quality. Suckers, in fact, represent a valuable food re- 
source whose day in the sun is yet to be seen. Recipes for cooking suck- 
ers are given in A Fine Kettle of Fish (Hacker 1977). 

Sucker distribution in Wisconsin is generally healthy, but the story in 
neighboring states is not as favorable. The growth of industrialization in 
the Great Lakes states, the increase in atomic energy and fossil fuel 
plants, the proliferation of irrigation projects and high-intensity farming, 
and the expansion of towns and cities, with their increasing amounts of 
sewage effluents and automotive wastes, have all contributed to a 
shrinkage of the sucker’s range. Some suckers are delicately balanced in 
ecosystems which are being seriously altered, and accounts of massive 
fishkills frequently list “suckers and redhorse” as victims. Ultimately, the 
result may be the decimation, extirpation, and extinction of sucker spe- 
cies. 

Two sucker species, the black redhorse and the creek chubsucker, were 
eliminated early in this century from their known ranges in southern 
Wisconsin. Efforts should be made to ensure the continued health of the 
remaining 17 species.
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Blue Sucker dorsal fin base into SL 2.5-3.0. Anal fin rays 7 (8); 
pelvic fin rays 9. Lateral line scales 53-58; lateral line 
complete. Chromosomes 2n = 96-100 (Uyeno and 

Cycleptus elongatus (Lesueur). Cycleptus—circle, slen- Smith 1972). 
der (meaning “small round mouth,” according Back and sides blue to blue-black; belly whitish. Fins 

to Rafinesque); elongatus—elongate. dusky to black. 
Other common names: Missouri sucker, razorback, Breeding males almost black; minute tubercles 

slenderheaded sucker, gourdseed sucker, black- over most of the head, on scales, and on rays of all 

horse, bluefish, sweet sucker, suckerel, “mus- fins, persisting long after spawning. Breeding female 

kellunge” in the lower Wabash River in Indiana. tan to light blue. 

~ A Oo Waters COUELeaeyy 4 
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Adult female 601 mm, Wisconsin R. (Sauk Co.), 25 May 1977 a Stabe Peres Sura 

DESCRIPTION Ww as . 
Body elongate, oval in cross section. Average length 

610 am (24in). TL = 1.24 SL. Depth into SL 4.0-4.4. Tuberculate male 591 mm, Chippewa R. (Dunn Co.), 17 May 
Head into SL 5.0-5.4. Snout pointed, slightly bul- 1977 

bous at tip, projecting far anterior to upper lip. 
Mout! li i i : outh small, lips heavily papillose Eharyngeal teeth SYSTEMATIC NOTES 
34-40 per arch, large medial teeth widely spaced; arch : ; 5 

< ‘ : The genus Cycleptus contains only one species, which 
moderately stout, symphysis short. For comparative : : a Fooccamen ant ae 

- is restricted in its range to the Mississippi Valley and 
osteology of the skull and appendages, see Branson 5 : no os a 

' : : : the Southwest into Mexico. It is in the subfamily Cy- 
(1962). Dorsal fin long, sickle-shaped, with 28-33 rays; ; : 8 2 

° cleptinae, along with the Asiatic genus Myxocyprinus 

(also with only one species). 
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Pharyngeal arches of the blue sucker, front view Pharyngeal arches of the blue sucker, back view
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DISTRIBUTION, STATUS, AND HABITAT burgh, Pa., collection (1) Chippewa River T26N 
In Wisconsin the blue sucker occurs only in the Mis- R12W Secs 29 and 30 (Dunn County), 1973. 
sissippi drainage basin, frequenting the Mississippi Specimens reported by Marlin Johnson from the 
River and the lower portions of the St. Croix, Red Wisconsin River below Prairie du Sac Dam (Sauk 
Cedar, Chippewa, Black, La Crosse, and Wisconsin County), 1970; 36 collections reported by the Wiscon- 
rivers. Its distribution in these tributaries is generally sin Fish Distribution Study, from the Wisconsin, 
to the first barrier dams, except in the St. Croix, Black, Red Cedar, and Chippewa rivers, 1975-1977; 
where it appears in small numbers above the St. reported by P. W. Smith et al. (1971) and Rasmussen 
Croix Falls Dam (Kuehn et al. 1961). The Baraboo (1979) from the Mississippi River, Pools 4-11, mostly 
River (Sauk County) record (Hoy 1883) was listed 1964 or earlier. 
without a specific location; it is doubtful that this spe- The blue sucker appears to be rare over much of 
cies exists above the Prairie du Sac Dam today. For the northern and central parts of its general range. 
detailed distribution notes, see Christenson (1974). Recent surveys on the upper Mississippi River dem- 

Specimens examined: UWSP 107 (1) Wisconsin River onstrate this (Barnickol & Starrett 1951, Kuehn et al. 
1.2 km east of Muscoda (Iowa County), 1962; UWSP 1961, P. W. Smith 1965, P. W. Smith et al. 1971). Its 
794 and 815 (3) Wisconsin River between Spring Green status is rare in Kansas (Platt et al. 1973), Minnesota 
and Lone Rock (Sauk and Richland counties), 1962; (Phillips and Underhill 1971, J. B. Moyle 1975), Iowa 
UWSP 3982 (1) Mississippi River off Ferryville (Craw- (Harlan and Speaker 1956), and Missouri (Pflieger 
ford County), 1971; UWSP 5585 (1) Chippewa River 1975). It is sporadic in Illinois (P. W. Smith 1965). The 
T25N R13W Sec 9 (Pepin County), 1977; UWSP 5615 state of Wisconsin has given the blue sucker threat- 
(2) Wisconsin River T8N R4E Sec 30 (Sauk County), ened status (Wis. Dep. Nat. Resour. Endangered 
1977; and CD Rice Div. of NUS Ohio Corp., Pitts- Species Com. 1975, Les 1979).
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At the turn of the century the blue sucker was a some of these areas have a heavy current. Spawning 
common inhabitant of the Mississippi River and its occurs from late April to early May, at temperatures 
major tributaries. Coker (1930), in reference to the blue of 10-15.6°C (50-60°F) (Harlan and Speaker 1956, 
suckers in the upper Mississippi River, wrote (pp. 182- Cross 1967). In the Mississippi River, eggs are depos- 
183): ited in May and June (Coker 1930). 

. . Blue suckers in postspawning condition were re- 
we have. . . the oral reports of fisherman [sic] at many ported on 17-19 May 1977 from the Chippewa River 

ports on the Mississippi, as far miortit a Wisconsin, that between the Eau Claire Dam and Durand (D. Becker, 
until 10 or 15 years ago there were important spring runs gts 
and lesser fall runs of blue suckers . . . it was the habit of Pets: comm.). Some 50-60 individuals were taken 
the blue sucker to assemble in considerable numbers only while boom shocking or seining over hard gravel and 
for brief seasons and in the swiftest waters of the river, rubble in water 0.9-1.5 m (3-5 ft) deep with a swift 
where, in the absence of effective protective legislation, it current of 0.3-0.6 m (1-2 ft)/sec. Some males were 

was comparatively easy to take them; while in other sea- still tuberculate, but none produced milt. One female 

sons they had retired to places unknown, probably the extruded eggs when handled. 
deeper parts of the river, from which they were taken only Two young-of-year blue suckers, 25 and 26 mm TL, 

occasionally. The fish could, therefore, be known to com- were collected from the Wisconsin River near the 
mercial fishermen as abundant while regarded by scientific Iowa-Dane county line on 24 May 1977. A single 

collectors as rare, unless by chance the collections hap- young-of-year, 34 mm TL, was seined from the Wis- 
pened to be made at the right season and in the right place. consin River near Muscoda (Iowa County) on 20 June 

Reasons for the blue sucker’s decimation include 1962 (UWSP 107). The site was a broad sheet of slow- 
the construction of dams. Coker has presented evi- moving water less than 0.3 m (1 ft) deep over a large 
dence that the reduction of blue sucker numbers in sand flat. 
the upper Mississippi River followed the construc- Blue suckers 545, 555, and 737 mm TL from the 
tion of the dam at Keokuk, Iowa. The dam probably lower Wisconsin River, collected 4 August 1966, 

interfered with the spawning migrations of these showed the following growth at the annuli: 1—73 mm, 
fish, and possibly inundated former important 2—193 mm, 3—370 mm, 4—519 mm, 5—572 mm, 6— 
spawning areas. The dams on the middle and upper 691 mm, and 7—722 mm. The two smaller suckers 
Mississippi River have virtually eliminated riffle were 5 years old, and the largest was 7. 
areas which may have been blue sucker spawning Twelve blue suckers, collected from the Red Cedar 

sites. River (Dunn County) on 8-9 July 1975, were 4-11 

Christenson (1974) noted during the early 1970s years old and ranged in size from 582 to 750 mm (TL). 
that the level of abundance of blue suckers in the The calculated lengths at the annuli were: 1—89 mm, 
lower Chippewa and Red Cedar rivers (Dunn and 2—226 mm, 3—377 mm, 4—487 mm, 5—537 mm, 6— 
Pepin counties) was well above that reported for 575 mm, 7—611 mm, 8—641 mm, 9—666 mm, 10— 
other waters throughout its range: 689 mm, and 11—727 mm. 

The differences in the growth rates between blue 
. - Those areas may well represent the northernmost bas- sucker populations in southern and northern Wis- 

tion of this species if not the last outpost throughout much consin are considerable. Initial growth appears to be 
ad ee If Dee teats eee esponsibility much more rapid in the Red Cedar River population, 

or this species which extends well beyond its borders (p. 4). but between ages III and IV the Wisconsin River fish 

Blue suckers characteristically inhabit large, deep exhibit a faster growth rate. 
rivers, and the deeper zones of reservoirs. In rivers, The condition (Ky) values of 15 blue suckers col- 
they occupy narrow chutes where the channel has lected 8-9 July 1975 from the Red Cedar River 
been constricted, and where the current is moderate averaged 0.92 (0.57-1.29). Using the length-weight 
to swift. Juveniles occupy the broader, less turbulent relationships given in Table 3 (Christenson 1974), the 
riffles. The preferred bottom is gravel or rubble. condition values for the Chippewa River suckers av- 

eraged 0.78; for the Red Cedar River suckers, 0.88. 

Christenson noted that Red Cedar River specimens 
BIOLOGY are appreciably heavier than those from the Chip- 
Little is known of the breeding habits of the blue pewa River. This difference is best illustrated in the 
sucker. The literature indicates that an upstream 635-658-mm (25.0-25.9 in) size interval, in which 
spawning migration into riffle areas takes place; nine Chippewa River specimens and six Red Cedar
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River fish averaged 2.09 and 2.50 kg (4.6 and 5.5 Ib) 1971 from an atypical habitat—a mud-bottomed 
respectively. According to Christenson (1974:3): slough (Crawford County) of the Mississippi River. 

. . | . a Lotus and arrowhead were present. 
. . - This weight differential suggests that the habitat in the In the lower Wisconsin River, 9 blue suckers were 

Red Cedar. River may be:more favorable; In thabregard it associated with these species: shovelnose sturgeon (1), 
should be noted that a shifting sand bottom with, by impli- ‘ : 

: oe ao ae mooneye (1), quillback (1), river carpsucker (20), 
cation, limited bottom fauna production, is characteristic of . Z 

the lower Chippewa River but not of the lower Red Cedar highfin carpsucker (3), smallmouth buffalo (1), black 
River. buffalo (1), shorthead redhorse (20), golden redhorse 

(4), northern hog sucker (2), common carp (15), sil- 

In the combined collections of 181 specimens for ver chub (6), speckled chub (2), bluntnose minnow 

which Christenson recorded lengths, total lengths (2), bullhead minnow (17), emerald shiner (199), 

ranged from 457 to 759 mm (18.0 to 29.9 in). spotfin shiner (92), spottail shiner (1), Mississippi sil- 
According to commercial fishermen, blue suckers very minnow (1), channel catfish (1), white bass (1), 

weighing up to 9.07 kg (20 lb) were common at one yellow perch (1), sauger (14), walleye (10), river darter 

time in the Missouri River (Pflieger 1975). In Ohio (1), slenderhead darter (1), logperch (8), smallmouth 

(Trautman 1957), rivermen have reported maximum bass (7), black crappie (1), and freshwater drum (3). 

lengths of 914-1,016 mm (36-40 in), and weights of 

5.44-6.80 kg (12-15 Ib). A 750-mm (29.5-in) blue IMPORTANCE AND MANAGEMENT 
sucker from the Red Cedar River (Dunn County) Predators on the blue sucker are not known. It is 
weighed 4.6 kg (10 Ib 2 oz). likely, however, that fish-eating birds may prey to a 

The food of the blue sucker consists largely of limited extent on newly hatched young which occa- 
insects and their larvae, crustaceans, and plant ma- sionally frequent shallow water. 
terials, including algae (Harlan and Speaker 1956, According to Coker (1930), blue suckers may be 
Koster 1957). caught in the Mississippi River on set lines, in fyke 

The blue sucker is a gregarious fish which lives in nets, in seines, or in floating trammel nets drifted 
the deeper water of river channels, except during the over the rapids at night. Catches of 363-408 kg 
spawning migration. In the lower Wisconsin River (800-900 Ib) in a single night have been reported in 
between Spring Green (Sauk County) and Lone Rock, the past, but blue suckers are now rarely taken. 
I boom-shocked nine fish from deepwater channels The flesh of the blue sucker is firm, flaky, and well 
with strong currents, which were adjacent to islands flavored. The blue sucker is well known, highly val- 
with badly eroded banks. ued as a food fish, and preferred to any other sucker 

One young adult (age IV) was seined in October as a food source.
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Bigmouth Buffalo eyes, giving it a turned-up appearance. Mouth ter- 

minal, large, wide, and oblique; tip of upper lip on a 
level with lower margin of eye; lips thin and nearly 

Ictiobus cyprinellus (Valenciennes). Ictiobus—fish, bull; smooth, lower lip finely striated. Pharyngeal teeth 
cyprinellus—iittle carp. short and fragile, about 165 per arch; crown of tooth 

Other common names: redmouth buffalo, common with a small, pointed cusp at anterior edge; arch pa- 

buffalofish, gourdseed buffalo, roundhead buf- per-thin and ribbonlike; symphysis much elongated. 
falo, bullhead buffalo, stubnose buffalo, brown Subopercle broadest at middle. Dorsal fin sickle 
buffalo, bullmouth buffalo, bullnose buffalo, shaped; longest anterior rays into length of base 1.5— 

slough buffalo, trumpet buffalo, chubnose buf- 2.0; dorsal fin rays 24-32, dorsal fin base into SL 2.5— 
falo, mud buffalo, white buffalo, lake buffalo, 2.9. Anal fin rays 8-10, pelvic fin rays 10-11. Lateral 
blue buffalo, gourdhead buffalo, pugnose buf- line scales 34-39; lateral line complete. Digestive tract 

falo. much elongated, with loops running parallel to body 

axis. 
Back olive brown to bronze; sides and belly lighter. 

Fins with light brown to dusky pigment; caudal fin 
2 almost black at spawning. 

Hybrids: Bigmouth buffalo x smallmouth buffalo 
Ce ig Z (Trautman 1957). Artificial bigmouth buffalo x small- 

eo ee , se mouth buffalo, and bigmouth buffalo x black buffalo 
‘ i set ak (Stevenson 1964). 

DISTRIBUTION, STATUS, AND HABITAT 
In Wisconsin, the bigmouth buffalo occurs in the Mis- 

Immature 294 mm, Wisconsin R., near Portage (Columbia Co.), sissippi River drainage basin, and probably in the 

13 Feb. 1976 Lake Michigan basin. It is widely distributed in the 8 y 
Mississippi River and its large tributaries, and is most 

DESCRIPTION widely distributed in the Rock River system of south- 
Body robust, somewhat compressed, back not promi- ern Wisconsin. 
nently arched or ridgelike (as in the smallmouth buf- A bigmouth buffalo, caught in the mid-1960s from 
falo); ventral line curved up anteriorly. Average Big Lake (Vilas County) and mounted and on display 
length 394 mm (15.5 in). TL = 1.26 SL. Depth into SL in a service station in Boulder Junction, weighed 27.2 
2.4-2.9 (3.3). Head into SL 2.6-3.6. Snout bluntly kg (60 Ib). It represents an individual from a disjunct 

rounded, often with a slight depression before the population far removed from any other natural Wis- 
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Pharyngeal arches of the bigmouth buffalo, front view Pharyngeal arches of the bigmouth buffalo, back view
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_Ictiobus cyprinellus _ Re Ee Ma ee a O Greene (1935) 

consin populations, and is probably derived from a in water more than 1.5 m deep over substrates of 
fish rescue and transfer operation. mud (27% frequency), silt (18%), sand (18%), gravel 

Despite a number of reports from the Lake Michi- (18%), clay (9%), and rubble (9%). 
gan drainage basin, no specimen of the bigmouth 
buffalo from those waters is available for verification. BIOLOGY 
These reports are from Lake Winnebago (Winnebago, In Wisconsin, spawning occurs in late April and May. 
Calumet, and Fond du Lac counties) (Priegel 1967a, The following account of bigmouth buffalo spawning 
Becker 1964b, and Miller 1971), the lower Fox River requirements and behavior is taken largely from the 
(Brown County) (Kernen 1974), Round and Pine notes of H. E. Neuenschwander, who for 40 years 
lakes (Shawano County) (Andrews and Threinen has observed the spawning of this species in the 

1968), and Long Lake (Waupaca County). The Long Rock River (Dodge County) marshes. 
Lake record is based on photographs supplied by V. No nest site is prepared by the parent fish. Clear, 
Hacker of a 1.09-m, 21.8-kg (42.8-in, 48-Ib) fish; ex- clean water, free of heavy sedge, cattail growth, mat- 
perts agree that it is Ictiobus, but the identification to ted bluejoint, and canary grass, is preferred by the 
species is not conclusive. bigmouth. Favored are flooded marshes which were 

The bigmouth buffalo is uncommon to common in cut for hay or burned over during the previous year, 
medium-sized to large rivers in slow, sluggish, or still leaving a mat of green grass 15-20 cm (6-8 in) high 
water; it frequents oxbow and flood plain lakes, in water 0.3-0.9 m (1-3 ft) deep. 

sloughs, bayous, and shallow lakes. It is essentially The first bigmouth buffaloes enter marshes or 
a big-water fish, although in the southern third of the flooded river bottoms as stragglers when water tem- 
state it occurs occasionally in streams only 6-12 m peratures rise suddenly during an early “heat wave,” 
(20-40 ft) wide. It was encountered most frequently which may occur as early as 10 April. Spawning may
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follow a succession of warm, calm nights, during contact. Hatching is adversely affected by turbidities 
which the marsh temperature seldom drops below in excess of 100 ppm, or by marked fluctuations in 
12.8°C (55°F), and daytime water temperatures of the water level (Walburg and Nelson 1966). 
15.6-23.9°C (60-75°F) prevail. Spawning occurs at The eggs are left unattended until they hatch. From 
12.2-25°C (54-77°F), but most often at 15.6-18.3°C 8 to 14 days are required for incubation, depending 
(60-65°F). upon the temperature of the water (Harlan and 

From 3 to 30 spawning units of three to five fish Speaker 1956). At about 17°C (62°F), hatching occurs 

per unit may spawn in a single suitable area at one in 9-10 days (Eddy and Surber 1947). 
time. A spawning unit consists of a female and two Young bigmouth buffaloes tend to gather in shal- 
to four males; together they engage in a series of low bays. In South Dakota, they fed primarily on 
continuous rushes, in which each rush may be benthic organisms, including tendipedid pupae and 
4.6—6.0 m (15-20 ft) or more long. The dark tails of larvae (63% volume), benthic cladocerans (12%), co- 

the large females frequently break water during pepods (22%); and Daphnia (3%) (Starostka and Ap- 
spawning. Females also create big, rushing wakes or plegate 1970). Food habits of the young were similar 
swirls at the surface of the water, make loud, splash- in Saskatchewan, with the addition of diatoms (R. P. 

ing turns, and often throw water into the air with Johnson 1963). 
their large tails. This activity can be heard 0.4 km (¥%4 In Wisconsin, growth of young-of-year bigmouth 
mi.) or more away. buffaloes has been reported as follows: 

Coker (1930), in describing spawning on the Mis- TL 
sissippi River, reported that the female is at the cen- Neosat (mm) 
ter of the spawning unit. When she sinks to the bot- Date Fish ‘Avg Range Location 
tom to deposit her eggs, the males crowd around and D0June. 1 20. BlueR.(Grantco) 

under her, pushing her to the top of the water until 26 June 52 54 41-66 Wisconsin R. (Juneau Co.) 
their tails and fins are out. They then make a tremen- 10duly 2 59 53-65 Mississippi R: (Grant Co.) 

a zs 13 July 4 51 44-59 Wisconsin R. (Grant Co.) 
dous rush, causing the water to foam. The natives 13 July 2 78 7484 Wisconsin R. (Grant Co) 

called this activity “tumbling.” a 
Neuenschwander noted that in the Rock River Scales had not yet formed in the specimen taken on 

marshes spawning occurs at all hours of the day and 20 June, but all other young were fully scaled. 
night, and will even occur on very windy days and The growth of the bigmouth buffalo in Wisconsin 
during light rain. It may be interrupted for a few is rapid. Eleven specimens from Pool 8 of the Missis- 
hours when clouds darken the sky and water tem- sippi River (in the vicinity of La Crosse County) 
peratures drop, but it resumes again when warm were: age 0—63 (49-125) mm; IV—427 (404-449) 
sunshine returns. The spawning period is relatively mm; V—526 mm; and VI—556 (549-567) mm (Bur 
short, and the stay on the flooded marsh may be for 1976). The condition values (K,,) of the adults aver- 
only 1 day, rarely for 3. Within a few hours after aged 1.74. 
spawning, the spent fish leave the marshes and re- Bigmouth buffaloes 305-415 mm TL, taken from 
turn 0.8-1.6 km (0.5-1.0 mi) to the main stream Lake Koshkonong (Rock County) on 8 September 

channel from which they had come. If spring flood 1968, were all age III, and averaged the following 
waters are of short duration and the weather is cold, lengths at the annuli: 1—124 mm, 2—247 mm, and 
spawning may occur over a sand and gravel bottom 3—301 mm (S. Lybeck, pers. comm.). 
in the main river. The calculated total lengths at the end of each year 

In Beaver Dam Lake (Dodge County), before of growth for 1,130 buffaloes, mostly from the Rock 

its eradication by toxicants, the bigmouth buffalo River drainage basin, were: 1—146 mm, 2—297 mm, 

spawned over sand and gravel bars. In South Da- 3—393 mm, 4—474 mm, 5—537 mm, 6—591 mm, 

kota, Walburg (1976) noted that in some years, when and 7—593 mm (Frey and Pedracine 1938). These 
suitable spawning habitats are not available, the big- data pertain essentially to the bigmouth buffalo, but 
mouth buffalo does not spawn at all. since the fish analyzed included 141 specimens from 

Egg production is a function of female size: a 4.54- the Wisconsin River, it is possible that some small- 
kg (10-Ib) female bigmouth buffalo holds 400,000 eggs mouth and black buffaloes were included in these fig- 
(Harlan and Speaker 1956); a 6.53-kg (14.4-Ib) fish ures. The authors noted that the growth rates of buf- 
holds an estimated 750,000 eggs (R. P. Johnson 1963). faloes from the Wisconsin River were similar to those 
The eggs average 1.5 (1.2-1.8) mm diam. They are of buffaloes from Lake Koshkonong, the Crawfish 
released into the water, and adhere to any object they River, and the Rock River.
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Age and Growth of the Bigmouth Buffalo Taken 21 July 1976 from the Wisconsin R. (Juneau Co.) 

Te Calculated TL at Annulus 

Age No. of __ {ri ain 

Class Fish Avg Range 1 2 3 4 5 6 7 8 9 10 11 12 

Ix 1 600 105 46190 «300 «360 «415 4750 520 555585 
x 6 676 641-696 124 2402-311 «360. 422,—=é«s«B81—“(isi529 BB CBZ_——«EG 
xl 5 779 723-825 129 «2412312, «372s 501s 2272722788 

xil 4 862 842-898 151-311 406 463—s«5236GC17—isiAC712,—s—s75GKCC«BOH8M 

Avg (weighted) 131-255-335. 393, 453 0B 561 14S 62709782 BAB; 

aR. Jackson (pers. comm.) 

The age of the bigmouth buffalo at maturity varies The bigmouth buffalo is able to endure low oxygen 
from age I in southern U.S. latitudes (Swingle 1957b) tensions and high water temperatures. No deaths oc- 
to age X and older in southern Canada (R. P. John- curred among bigmouths subjected to a test concen- 
son 1963). At the Fort Randall Reservoir in South Da- tration in which oxygen was reduced to 0.9 ppm 
kota, 90% of the males and 95% of the females were (Gould and Irwin 1962). The maximum temperature 
mature at age III (Walburg and Nelson 1966); these at which this species was captured in the White River 
fish averaged 375 mm TL and 815 g. In Saskatche- and the Ipalco Discharge Canal, Indiana, was 31.7°C 
wan, growth of the bigmouth is slow, and fish reach (89°F) (Proffitt and Benda 1971). 

20 years of age (R. P. Johnson 1963). The bigmouth buffalo has a pronounced tendency 
Ordinarily, the bigmouth buffalo is the largest fish to school—a behavior pattern which occurs through- 

of the genus—the giants of the species attain a out the summer (R. P. Johnson 1963). It is partly pe- 
weight of 34.02 kg (75 Ib) (Carson 1943). The maxi- lagic in habit, differing in this respect from other deep- 
mum size known is a fish of over 36.3 kg (80 Ib) from bodied suckers (Ictiobus and Carpiodes), all of which 
Spirit Lake, Jowa (Harlan and Speaker 1956). are essentially bottom dwellers (Cross 1967). R. P. 

The bigmouth buffalo has a short food chain and it Johnson (1963:1425) observed: 
is in direct competition with the carp, river carp- 
sucker, and smallmouth buffalo for available plank- On warm still days buffaloes spread out over the entire 
ton and bottom fauna (Walburg and Nelson 1966). surface of the lakes where they rest quietly, often in the 

The most important food organisms for the bigmouth midstiof avdense:algal: bloomi.‘The upper 2-ft of 'water'is 
are copepods and cladocerans (McComish 1967, preferred for this “loafing. Often the dorsal fin projects 
Cross 1967). Phytoplankton is of minor importance above the water. Representative dates and surface water 

. ytOP. oe P . temperatures in Echo Lake in 1955 when this occurred 
and is probably eaten only incidentally, although in were: July 26, 22.0°C; August 22, 20.4°C; September 2, 

one study (Starostka and Applegate 1970), blue- 20.0°C. This behavior was never observed on windy days, 
green algae were seasonally important. In Canada, for when the water was choppy the buffaloes congregated 
R. P. Johnson (1963) reported aquatic beetles, aquatic in protected bays in somewhat deeper water. 

bugs, mollusks, and amphipods in the bigmouth buf- 

falo’s diet, plant material, mainly diatoms, was pres- The bigmouth buffalo prefers shallow waters. In 
ent in negligible quantities. Harlan and Speaker South Dakota, Walburg and Nelson (1966) collected 
(1956) noted such unusual items of food in stomachs 65% of their fish from water less than 1.2 m (4 ft) 

as small fish and fish eggs, seeds from both aquatic deep; the rest were taken at depths of 2.4-3.1 m 
and terrestrial plants, and, in the spring, the “cotton” (8-10 ft). 
from cottonwood trees. Bigmouth buffaloes may make upstream runs to 

Johnson described feeding behavior which he dams in the spring, and also in September or October 

called “skipping.” The fish were observed swim- if high flood waters are present (H. E. Neuen- 
ming, both forward and backward; at an angle of schwander, pers. comm.). In South Dakota’s Lake 
about 55° to the bottom. When they touched the bot- Oahe, the movement of marked fish was extensive 
tom, swirls of muddy water were raised as they (Moen 1974): 44% were recaptured downstream from 
searched for food through the mud and debris. the point of release, and 38% were retaken upstream. 

A midsagittal section through the head of the big- Females showed a stronger tendency to move down- 
mouth buffalo shows the very small mouth and pha- stream than males. The maximum distance traveled 
ryngeal cavities required for handling minute par- was 379 km (235 mi), and the maximum rate of travel 
ticles of food (see the illustration on p. 609). was 6.5 km (4 mi) per day.
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During late January 1976, 38 bigmouth buffalo were At the turn of the century, the bigmouth buffalo 

netted from Lake Wisconsin (Columbia County) along was abundant in Lake Pepin and was caught and 

with black buffalo (5), smallmouth buffalo (60), com- shipped in larger quantities than any other fish (Wag- 

mon carp (100), white bass (2), freshwater drum (24), ner 1908). 

lake sturgeon (70), and silver redhorse (1). In the Wisconsin portion of the Mississippi River, 
during the 5-year period 1960-1964, there was a 66% 

IMPORTANCE AN! D MANAGEMENT increase in kilograms of buffaloes (combined species) 

Predation on the bigmouth buffalo is probably slight; caught (Finke 1967). During this period the total buf- 

growth of the young is so rapid that they soon be- falo harvest was 1,257,000 kg (2,771,000 Ib); the price 

come too large for most predators. per kilogram ranged from 18 to 22¢ (8 to 10¢/Ib). The 

The buffaloes have enthusiastic followers among gill net was the most effective gear for taking buffa- 
sport fishermen. The bigmouth buffalo has been re- Joes, accounting for 680,000 kg (1,500,000 Ib) over the 
ferred to as “the musky of the southern Wisconsin 5-year period. Pool 9 yielded the most buffaloes— 

streams, the sportiest, wariest, most mysterious and 254,000 kg (560,000 Ib)—followed by Pools 7 and 8, 

most sought-after native fish that swims, and, when each of which produced slightly less than 227,000 kg 

smoked, a supreme gourmet's delight” (H. E. Neu- (500,000 Ib). The best months for catching buffaloes 

enschwander, pers. comm.). were March and April, which accounted for 215,000 
The bigmouth buffalo seldom takes a hook, and is kg (474,000 Ib) and 186,000 kg (410,000 Ib) respec- 

only rarely caught with other fishes. In the lower tively. 

Mississippi Valley, it is frequently taken on set lines Recent production in Wisconsin waters of the Mis- 

baited with balls of dough (Jordan and Evermann sissippi River for the combined species of buffaloes 

1923), ee / was: 1965—286,820 kg (632,319 Ib); 1970—372,105 kg 
In Wisconsin each spring, fishermen seek the big- _(§20,337 Ib); 1975—195,286 kg (430,525 Ib); and 1976— 

mouth buffalo with square dipnets from river banks ——_943,962 kg (537,834 Ib). At slightly more than 47¢/kilo 
and bridges, or, armed with sturdy 3.7-m (12-ft) (21.5¢/lb), the 1976 catch was valued at $115,634, 
spears, they PUTSHE it on flooded marshes from row- ranking third in value to the $188,437 realized from 

boats and skiffs. Such modern pursuit of the buffalo _the catfish catch, and the $179,142 for the carp catch 
is tame compared to the historical account given by that year (Fernholz and Crawley 1977). The big- 

Jordan and Evermann (1923:39): mouth buffalo constituted the greatest portion of the 
In certain lakes in the Mississippi Valley . . . extraordi- above figures for buffalo species. 

nary runs of very large buffalo fish occur occasionally. Inland catches of buffaloes in Wisconsin are also 
These runs take place in the spring at the spawning time of significant. In 1947, 11,300 kg (25,000 Ib) [probably 

the fish, and usually at the time of a heavy rain when the bigmouth buffalo—author] were taken from Beaver 

tributary streams are full and the connecting marshes are Dam Lake (Dodge County) (The Milwaukee Journal, 2 

flooded. Then these fish come up from the lake, in great N 8 unt. 4 , 

numbers, crowding the inlets and spreading over the ovember 1947). During one week in July 1976, com- 

flooded marshes. They remain only a few days, and soon mercial fishermen removed 2,700 kg (6,000 Ib) of big- 

disappear as suddenly and mysteriously as they came; but mouth buffaloes from Castle Rock Reservoir (Juneau 

their brief stay has been long enough to permit great County) (J. Diehl, pers. comm.). In 1970, under the 

slaughter by the farmers of the surrounding country, who rough and detrimental fish removal program sup- 

kill great numbers with pitchforks, clubs and other primi- ported by the Wisconsin Department of Natural Re- 

tive weapons, and haul them away in wagon loads. sources, 117,259 kg (258,508 Ib) of buffaloes [com- 

The bigmouth buffalo is becoming increasingly bined species but mainly bigmouth buffalo—author] 

popular as a table fish. The meat is nutritious, and in were removed by state and contract fishing crews 

taste it is considered inferior to catfish but superior (Miller 1971). Most were harvested from Delavan 

to carp. It is unexcelled when smoked. Lake (Walworth County), Lake Koshkonong (Jeffer- 

The bigmouth buffalo was rated as a poor test spe- son County), and the Rock River (Rock County). The 

cies by Gould and Irwin (1962). Frequent changes of 95,804 kg (211,208 Ib) harvested by the state crews 

the water in holding tanks was required because of brought $33,520.98, and were mostly sold for human 

fouling; the fish appeared to be susceptible to para- consumption. In 1975-1976, contract crews removed 

sites, were easily disturbed by stimuli throughout the about 230,000 kg (500,000 Ib) of bigmouth buffaloes 
holding period, and were available in a size suitable from Delavan Lake (R. Schumacher, pers. comm.). 
for testing only during a part of the first growing In listing the standing crops of fishes in North 

season. American lakes and reservoirs, Carlander (1955) re-
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ported bigmouth buffaloes at the top, with produc- The bigmouth buffalo is classified in the Wisconsin 
tion even greater than carp. Bigmouth buffaloes fishing regulations as a rough fish, and state and 
averaged about 195 kg/ha (174 Ib/acre), with a maxi- commercial fishermen have been removing it from 
mum of over 1,100 kg/ha (1000 Ib/acre). state waters for many years. It seems strange that 

The buffaloes, probably more than any other group this native species, which is not harmful to other 
of Wisconsin fishes, have a great potential for pro- fishes, which is avidly sought after by a special group 
ducing fish flesh and high-level protein. A single trial of dipnet sportsmen, and which is an excellent food 
of bigmouth buffalo in a 1/25-ha (1/10-acre) pond at fish, should be indiscriminately eliminated from Wis- 
the University of Kansas in 1961 resulted in a yield of consin’s public waters. In its war against the carp on 
287 kg/ha (256 Ib/acre), without fertilization of the the upper Rock River, the Wisconsin Department of 
pond or feeding of the fish (Cross 1967). This is about Natural Resources has used toxicants which elimi- 
twice the production obtained using channel catfish nated not only the carp but all species of fish. The 
under similar conditions. Department has given little consideration to the po- 

Consideration should be given to the use of ponds tential loss of the bigmouth buffalo as a fish protein 
receiving treated effluent water from sewage plants, resource. As a result, the bigmouth buffalo has been 
and cooling ponds at power generation sites, for the eliminated from many areas of the upper Rock River 
prolonged and accelerated growth of the bigmouth drainage above Watertown, where, until the 1960s, it 
buffalo. Additional potential for producing fish flesh was a common and valuable resource. 
may come from the hybridization of buffalo species The bigmouth buffalo appears to be secure over 
(Stevenson 1964). In one study, bigmouth and black most of its range in Wisconsin, but the loss anywhere 
buffalo hybrids were approximately twice the length of this valuable fish is an inexcusable tragedy. Serious 
of the nonhybrids, and 4 times their weight, after 216 consideration should be given to accord the big- 

days. mouth buffalo sport fish status.
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Black Buffalo well-developed crown of tooth with cusp at anterior 
edge; arch moderately strong, with large, honey- 
comb spaces on anterior edge; the symphysis short, 

Ictiobus niger (Rafinesque). Ictiobus—fish, bull; niger— on moderately long stems of the arch. Subopercle 

black. broadest at middle. Dorsal fin sickle shaped; longest 

Other common names: mongrel buffalo, round buf- anterior rays into fin base 2.2-2.5; dorsal fin rays 

falo, current buffalo, chopper, buglemouth buf- 27-31; dorsal fin base into SL 2.6-2.7; anal fin rays 

falo, bugler, router, blue router, reefer, prairie 8-9; pelvic fin rays 9-11. Lateral line scales 36-39; 

buffalo, kicker, blue buffalo, blue rooter, chuck- lateral line complete. Digestive tract much elongated, 

lehead buffalo, bastard buffalo, pumpkinseed with loops running parallel to body axis. Specimens 
buffalo, deepwater buffalo, buoy tender. less than 305 mm (12 in) difficult to separate from 

smallmouth buffalo (Trautman 1957). 

Back slate to bronze, with a greenish overcast; 
a sides bronze, belly lighter. Fins dark olive to slate. 

wa Vee : Breeding male with minute tubercles on sides of 

r Vote DOA ie head, on scales (10-15), and on anterior rays of pelvic 

LSGNGi ee: Pe ae fins. Breeding males often blackish and without tu- 
en! WN ya 9? —-" bercles. 

eS, dl Hybrids: Black buffalo x smallmouth buffalo (Moore 
= 1968). Experimental black buffalo x bigmouth buf- 

falo (Stevenson 1964, Hollander and Avault 1975). 

Adult 980 mm, L. Wisconsin (Columbia Co.), 26 Jan. 1976 
DISTRIBUTION, STATUS, AND HABITAT 

DESCRIPTION In Wisconsin the black buffalo occurs only in the Mis- 
Body slightly compressed, almost round, and more sissippi River drainage basin. It inhabits the Missis- 
slender than other species of buffalo; back not promi- sippi River upstream to Lake Pepin, the Wisconsin 
nently arched; ventral line straight. Average length River upstream to and including the Wisconsin Dells 
406 mm (16 in). TL = 1.24 SL. Depth into SL 2.6-3.5. Flowage, and the lower Pecatonica River. It is doubt- 

Head into SL 2.9-3.8. Snout blunt and broadly ful that this species occurs in Lac La Belle (Waukesha 
rounded. Mouth small, ventral, and almost horizon- County), although it was formerly reported there by 
tal; tip of upper lip is far below the lower margin of Cahn (1927). No Lac La Belle specimen is extant, and 
eye; lips moderately full and striated. Pharyngeal if Cahn actually found this species there, it undoubt- 
teeth short, narrow, and fragile, about 195 per arch; edly was the product of a fish rescue and transfer 
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operation from the Mississippi River. I have deleted River at Lake Wisconsin T10N R8E Sec 6 (Columbia 
this report from the map. County), 1976; (1) Wisconsin River at Lake Wisconsin 
Specimens examined: UWSP 813 (1) Wisconsin T11N R8E Sec 33 (Columbia County), 1975. Other re- 

River between Spring Green and Lone Rock (Sauk ports include: Lake Pepin (Pepin County) (Greene 
and Richland counties), 1962; UWSP 1647 (1) Missis- 1935); Mississippi River at Pool 7, 1970-1972 (R. Ran- 

1907; UWSP 5272 (1) and S406 (1) Lake Wisconcia  througi 1D (PW. geath oat fey Weak nines ‘ an ake Wisconsin roug) . W. Smith et al. ; Wisconsin River 
Flowage of Wisconsin River (Columbia County), 1975 in Wisconsin Dells Flowage, 10 km upstream from 
and 1976 respectively; UWSP 5641 (1) Wisconsin Wisconsin Dells, 1976 (J. Diehl, pers. comm., with 
River between the Wisconsin 18 and 35 bridge and confirming photograph). 
Millville (Grant County), 1977; MPM 8901 (1) Lake The black buffalo is rare to uncommon in Wiscon- 
Wisconsin Flowage of the Wisconsin River (Columbia sin waters, where it is at the northern limit of its dis- 
County), 1975. tribution. Ranthum (pers. comm.) noted that in Pool 

The Wisconsin Fish Distribution Study reported 7 of the Mississippi River it appeared more fre- 
the following black buffalo specimens: (2) Pecatonica quently oe ise Species us i een lake 
River TIN R6E Sec 33 (Green County), 1976; (1) Pe- sturgeon an lue sucker. He also observed that at 
catonica River TIN RSE Sec 11 (Lafayette County), certain locations and times black buffaloes made up 
1976; (1) Wisconsin River T7N R6W Sec 14 (Grant a large part of the catch and a high proportion of the 
County), 1977; (1) Wisconsin River TIN R2W Sec 36 exceptionally large fish taken. During the winter of 
(Richland County), 1977; (1) Wisconsin River T10N 1975-1976, when the Lake Wisconsin Flowage (Co- 
R6E Sec 25 (Columbia County), 1977; (5) Wisconsin lumbia County) was opened to commercial fishing, 5
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black buffaloes appeared in a catch of 100 buffaloes of had a condition value (K,,) of 1.86. A 101-cm, 21.8- 
all species. Wisconsin has placed the black buffalo on kg (39.8-in, 48-lb) fish taken from the same locale on 
threatened status (Les 1979). 26 January 1976 was estimated to be 20 years old. 
Although the black buffalo, a large river form, oc- In the south, black buffaloes reach maturity at age 

curs in sloughs, silty backwaters, and impound- II (Perry 1976). In Illinois, so few specimens of black 
ments, it appears to prefer stronger currents than buffaloes have been examined that the maturity size 
either the smallmouth or bigmouth buffaloes, and it for this species has not been determined. The small- 
is occasionally taken in the main channel. Cross (1967) est ripe female noted in Illinois was 470 mm (18.5 in) 

captured the black buffalo in deep, fast riffles where long (Barnickol and Starrett 1951). A 15.42-kg (34-Ib) 
the channel narrowed. The black buffalo is taken from fish from Illinois was 24 years old (Carlander 1969). 
the main channel of the Mississippi River, hence its In Pool 7 of the Mississippi River, the black buf- 
name “buoy tender.” It occurs in water of varying falo ranged from 4.5 to 6.8 (possibly 9.1) kg (10 
turbidity over a wide variety of bottoms. to 15, possibly 20 Ib) in weight (R. Ranthum, pers. 

comm.). According to Carson (1943), it usually weighs 
BIOLOGY less than 9.1 kg (20 Ib), but may weigh as much as 
Spawning probably occurs in April and May, al- 31.8 kg (70 Ib). 

though a tuberculate male was captured from the The food of the black buffalo is similar to that of 
lower Wisconsin River in mid-June. the bigmouth buffalo (Forbes and Richardson 1920). 

A possible spawning of the black buffalo, observed Sixty-seven percent of its diet is animal matter, 
by L. E. Yeager in the state of Mississippi, was re- largely mollusks and insects. An occasional young 
ported by Breder and Rosen (1966:236): crayfish is taken, but more than half of the animal 

. .. the fish aggregated in large numbers from 10 a.m. to 5 food is made up of insects. The vegetable food eaten 
p-m. in overflowed land adjacent to a swamp. They were includes water plants, such as duckweed and algae. 
in such a state of milling and excitement that they could be Cross (1967) noted that the black buffalo and the 
approached without caution. They broke water continually smallmouth buffalo are sometimes found together on 
although seldom cleared the surface. . . He [Yeager] sug- shallow riffles, where their fins and backs break the 
gested, without definitely saying so, that pairs separated surface as they forage for insects and epiphytes on 
themselves from the group for mating. Three days later the stones. 

water had receded, and the shores were found strewed with In Arizona (Minckley et al. 1970), the introduced 
rotting egg masses. Yeager implied that this observation clam (Corbicula manilensis) made up most of the vol- 
covered a very unusual spawning mode because of the great ume of the black buffalo diet. Diatoms, blue-green 

loss of eggs and the fact that local people knew nothing of 1 d taceans' were télatively ich in fre- 
such procedures at other times. alpac, ane. rustace : y ng 

quency of occurrence, but in numbers and volume 
Experimental hybrid black buffaloes (male) x big- made up only a minor part of the diet. The clams 

mouth buffaloes (female) were hatched out in about consumed were juveniles to small adults, with mea- 

72 hours at 21°C (69.8°F) (Hollander and Avault surements from less than 1.0 to more than 15.0 mm 
1975). The eggs tolerated salinities as high as 15 ppt, across the valves. Organic detritus constituted 30% 
which was the upper salinity limit of the test. The fry of the digestive tract contents, and sand, 10.3%. 
had the best survival at 9 ppt. When feeding, black buffaloes were observed dili- 

In Louisiana, young-of-year black buffaloes, from gently searching the bottom, stirring the softer sedi- 

ponds which had been stocked with adults 197 days ments, and delving beneath twigs, stones, and other 
before, were 19 mm long on 15 October (Perry 1976). debris. 

In Ohio, young-of-year were 38-102 mm (1.5—4.0 in) Hybrid adult and fingerling buffaloes (black buf- 

long in September (Trautman 1957). falo x bigmouth buffalo) in experimental ponds used 
Four black buffaloes of ages V-VIII, from the Mis- less supplemental feed than channel catfish, tilapia, 

sissippi and Wisconsin rivers, had the following cal- and Israeli carp (Williamson and Smitherman 1975). 
culated lengths at the annuli: 1—52 mm, 2—148 mm, The hybrids ate mostly supplemental feed and Ento- 
3—333 mm, 4—409 mm, 5—462 mm, 6—518 mm, mostraca (mainly ostracods), followed by debris and 
7—532 mm, and 8—566 mm. An especially fast- traces of unicellular algae and filamentous algae. The 
growing black buffalo, 625 mm TL and 4.54 kg, was hybrid buffalo is primarily a benthic feeding omni- 
taken under the ice from Lake Wisconsin with an en- vore. 
tanglement net; its estimated age was 6 years, and it In the Wabash River of Indiana, buffaloes (species
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not indicated) preferred 29.0-31.0°C (84.2-87.8°F) (35), smallmouth buffalo (60), common carp (100), 

temperatures, which are probably within the opti- white bass (2), freshwater drum (24), lake sturgeon 
mum temperature range for the black buffalo (Gam- (70), and silver redhorse (1). 

mon 1973). Waters of low salinity (up to 9 ppt) are 
beneficial for black buffalo production, whereas wa- IMPORTANCE AND MANAGEMENT 

ters in excess of 12 ppt salinity are not suitable for To what extent the black buffalo is preyed on by fish 
buffalo fish culture. predators is unknown. The black buffalo is seldom 

In Lake Wisconsin during late January 1976, 5 black caught on natural or artificial lures. In Kansas, how- 
buffaloes were netted along with bigmouth buffalo ever, it is taken on worms or doughballs (Cross 1967).
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Smallmouth Buffalo with cusp at anterior edge, arch moderately strong; 
large honeycomb spaces along anterior edge of each 
arch; the symphysis short. A large pharyngeal pad 

Ictiobus bubalus (Rafinesque). Ictiobus—fish, bull; bub- virtually fills the pharyngeal cavity, leaving only a 
alus—butffalo. narrow slit between the pad and the pharyngeal 

Other common names: razorback buffalo, sucker- arch. Subopercle broadest at middle. Dorsal fin sickle 

mouth buffalo, round buffalo, quillback buffalo, shaped, longest anterior rays into length of base 
router, roachback buffalo, humpback buffalo, about 1.6, dorsal fin rays 26-31; dorsal fin base into 

channel buffalo, baitnet buffalo, thicklipped SL 2.4-2.6. Anal fin rays usually 9; pelvic fin rays 
buffalo, white carp, liner buffalo, brown buffalo. 9-11. Lateral line scales 36-38; lateral line complete. 

Digestive tract much elongated, with loops running 
parallel to body axis. 

: Back bronze or slate olive; sides bronze, lighter on 

#. belly. Fins slate brown. With age, colors lighten; old 
Kg, 5 individuals from turbid waters pale yellow-gray. 

pred eRe ee Pe Breeding male with fine tubercles on head (Bran- 

a ee a son 1961). 
: hi) A ree = Sexual dimorphism: Longest dorsal ray signifi- 

iy % men cantly longer in female than in male (Phillips and Un- 
Soy : derhill 1971). 

: ; Hybrids: Smallmouth buffalo x bigmouth buffalo 
(Trautman 1957). Experimental smallmouth buffalo 

Adult 435 mm, Mississippi R., Bellevue, lowa, 21 Oct. 1978 x bigmouth buffalo, and smallmouth buffalo x 
black buffalo (Stevenson 1964). 

DESCRIPTION 
Body deep, especially in large fishes, and highly DISTRIBUTION, STATUS, AND HABITAT 
compressed; back highly arched and ridgelike; ven- In Wisconsin the smallmouth buffalo occurs only in 
tral line nearly straight. Average length 30-40 cm the Mississippi River drainage basin. It has been re- 
(11.8-15.8 in). TL = 1.28 SL. Depth into SL 2.4-2.8 ported from the lower portions of the St. Croix, Red 
(2.2-3.0). Head into SL 3.4—4.1. Snout blunt. Mouth Cedar, Chippewa, and Wisconsin rivers, and from 

small, ventral, almost horizontal; tip of upper lip far the mouths of small tributaries to these rivers. 
below lower margin of eye; lips moderately full and Isolated reports of buffaloes from the Big Lake and 
striated. Pharyngeal teeth small and fragile, about Island Lake region in Vilas County are substantiated 

180-190 per arch; well-developed crown of tooth by a 17.2-kg (38-lb) smallmouth buffalo caught from 
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Island Lake in the 1960s. It was mounted by Neal clear, clean water. Occasionally young are taken from 
Long of Sayner and displayed at the Sportsmans Bar the mouths of small streams tributary to large rivers. 
in Arcadia (Trempealeau County) in the 1970s. This 
fish probably derived from fish-rescue plantings BIOLOGY 
from the Mississippi River, which were made during At the latitude of Wisconsin spawning occurs from the 1930s. Cahn (1927) observed the smallmouth buf- April to early June at temperatures of 15.6-18.3°C 
falo from Lac La Belle (Waukesha County), and noted (60-65°F). The presence of smallmouth buffalo in 
that it was more common in the Rock River. He also spawning condition in a small creek suggests that observed one specimen from the Fox River near Wau- they sometimes ascend small streams to spawn 
kesha that weighed 5.9 kg (13 Ib). The Waukesha (Coker 1930). Attempts to propagate buffaloes at the County reports probably represent the last remnants fisheries biological station of Fairport, Iowa, have of a disjunct population; specimens for verification of been described by Coker (p. 192): 
these reports are not available. H. E. Neuenschwan- . : : 
der (pers. comm.) reported that the smallmouth buf- eae eee eee oe with no ee oe the 
falo was taken from the Rock River between Hustis- Spang 2. 3 Wien Le concluoris were Varied iby, keep ing the pond about half full of water in the early part of the ford and Watertown as late as 1965. ah : : 1 b - season and allowing it to fill gradually early in May. A few 
. The smal mouth uffalo is HCOMNON. to common days after the production of this artificial flood stage the 
im Wisconsin, in some large waters it is the dominant splashing of buffalo fish was observed (May 11 and again buffalo species. May 17, 18 and 19) in overflow regions along the margins 

The smallmouth buffalo is found in pools, oxbow of the pond, and propagation was found to have been suc- 
lakes, and deeper waters of large rivers. It prefers cessful. . . . The rise should begin when the temperature
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of the water is 56°F. and should be so controlled that it is mouths have been taken in relatively shallow water 
completed in 10 to 15 days, with the water at 62 to 64°F. over mud bottoms; they tend to school, although this 

Spawning begins at 56 to 58° but is more active at 60 to 62°, is not a pronounced habit. 
so that the fish have spawned out when the rise is con- A young-of-year smallmouth taken 11 July from 

cluded. The largemouthed buffalo fish (cyprinella) may be Richland Creek (Crawford County) was 44 mm TL; 
bred without the artificial rise, but the smallmouth (bubalus) 12 young taken on 15 July from the Wisconsin River 
does not do well without it. The rise is found desirable for Grant C d 60 42-72 7) 
both species, as the weathered grounds seem to offer a (Gran ounty) average Tu, (4 mm); 

more favorable environment for the eggs during incuba- young taken on 17 July from the Wisconsin River 
tion. (Crawford County) were 48 mm and 61 mm long; 

and 1 young fish taken on 25 August from the Red 
In South Dakota (Gasaway 1970, Walburg 1976), Cedar River (Dunn County) was 47 mm TL. 
spawning of the smallmouth buffalo is most success- Eight smallmouth buffaloes, 239-358 mm TL (9.4- 
ful in years when water levels rise in the spring to 14.1 in), taken from the Mississippi River at Foun- 
flood marshes or low-lying meadows. The eggs are tain City (Buffalo County), were 1 year old and 147 

deposited at random over the bottom, or in vegeta- mm (5.8 in) long at the formation of the first annulus 
tion; they adhere to any object they touch. (Christenson and Smith 1965). Twenty-six specimens 

Jester (1973) has provided much spawning infor- from Pool 8 of the Mississippi River (in the vicinity 
mation for the smallmouth buffalo in Elephant Butte of La Crosse County) were: age 0—84 (71-105) mm; 
Lake, New Mexico. The following account is derived TI—324 mm; IV—427 (423-431) mm; V—468 mm; and 

from Jester unless otherwise noted. VI—487 mm (Bur 1976). 

Spawning for the smallmouth buffalo occurs from Specimens from the Wisconsin River and from the 
early May to September, and water temperatures contiguous portion of the Mississippi River at its 
during spawning ranged from 19.1 to 27.5°C (66.4 to mouth were: age I—270-275 mm; V—401-450 mm; 
81.5°F), with peaks of activity occurring between 22 and VI—462 mm. The calculated lengths at the an- 
and 26.5°C (71.6 and 79.7°F) (Jester 1973). The latest nuli were: 1—112 mm; 2—245 mm; 3—346 mm; 4— 
observed spawning by female smallmouth buffaloes 391 mm; 5—428 mm; and 6—462 mm. A 183-mm 
occurred in September at a water temperature of specimen, taken on 13 September from the cooling 
26.4°C (79.5°F), and apparently was terminated by lake at the Columbia (County) Power Plant on the 
the exhaustion of eggs rather than by the occurrence Wisconsin River, exhibited no annulus. The yearly 
of a threshold temperature. Free-flowing milt was growths of smallmouth buffaloes from the Wisconsin 
observed in males during every month of the year, River and from the Salt River, Missouri (Purkett 
indicating that the spawning season of the small- 1958a), were almost identical. The condition values 
mouth buffalo is controlled entirely by the incidence (K,,) for smallmouth buffaloes in one study in New 
of ripe females. Mexico (Jester 1973) averaged 1.44 (1.22-1.67). 

Male smallmouth buffaloes begin to concentrate on The age of smallmouth buffaloes at maturity is vari- 
shoals 1.2-3.1 m (4-10 ft) deep in March and April, able. In the middle Mississippi River, Barnickol and 

just prior to the spawning season. Additional males Starrett (1951) determined sexual maturity for this 
apparently join the concentration as they ripen, and species at 381 mm (15 in). Age at maturity is usually 
leave when they are spent. Individual females also 3 years (Nord 1967, Harlan and Speaker 1956). In 
join the concentration as they ripen and leave when some South Dakota waters, maturity is as late as 7-9 
they are spent, so that large numbers are present just years for males and 10-11 years for females (Walburg 
prior to and at the peak of spawning activity. and Nelson 1966). In New Mexico (Jester 1973), males 

According to Jester, smallmouth buffaloes spawn at may mature at 1 year and females at 2 years. Accord- 
depths of 1.2-2.4 m (4-8 ft) among recently inun- ing to Jester, at formation of annuli 9 through 13 fe- 
dated terrestrial vegetation. Eggs are broadcast at males are heavier than males of approximately the 
random over shoals, and are abandoned to sink into same length. 

whatever bottom conditions may exist at the spawn- This species has reached age XV in New Mexico, 
ing site. and it is estimated that only 2 smallmouth buffaloes 

Fecundity varies from 18,200 eggs in an age-II fe- out of 1 million hatched reach this age (Jester 1973). 

male to 525,500 in an age-XV female (Jester 1973). In- Occasionally this species reaches a weight over 15.9 
cubation requires from 8 to 14 days, depending on kg (35 Ib). 
the water temperature (Nord 1967). Young small- In one study of young-of-year smallmouth buffa-
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loes (McComish 1967), copepods and cladocerans than 12.8 km (8 mi) from the sites where they had 

made up 99% of the food volume in the stomachs; been marked, and about one-half were recaptured 
sand constituted the remaining portion. Earlier ob- less than 9.6 km (6 mi) from marking sites. The long- 
servations revealed that the food of young small- est distance moved was 23.2 km (14.5 mi). 
mouth buffaloes consists of algae, duckweed, proto- According to Minckley (1969), competition was not 

zoans, rotifers, insect larvae, and insect eggs (Forbes severe among the three species of buffalo in Apache 
and Richardson 1920, Gowanloch and Gresham 1965). Lake, Arizona. Bigmouth buffaloes were the most 

The smallmouth buffalo is an opportunist and widespread, occurring in open water and sometimes 

feeds on organisms that are abundant (McComish concentrating in shallow bays. Smallmouth and black 
1967). In South Dakota’s Lewis and Clark Reservoir, buffaloes remained near the bottom in deeper bays 
and in the Missouri River, zooplankton and attached and inlets, with the smallmouth associated with mud 
algae were the primary foods. There was a general and sand bottoms and the black buffalo associated 
decrease in the volume of zooplankton consumed, with cliffs, other cover, and gravelly bottoms. Jester 

and an increase in the volume of attached algae con- (1973) noted that interaction between buffaloes, river 
sumed, from late spring to early fall. The high fre- carpsuckers, and carp (to a lesser extent) were quite 
quency of insect larvae, attached algae, detritus, and strong. When the buffaloes were harvested from 
sand in the diet indicated that the smallmouth buf- shoals in carpsucker and carp habitat, the carpsuck- 
falo fed on the bottom, primarily in shallow shoreline ers increased in numbers and weight. Jester con- 
areas. Chironomidae, Baetidae, and Trichoptera were cluded that there is interspecific competition where 
all found in smallmouth buffalo stomachs, although these species occupy the same habitat. 
Chironomidae were most important. In the Mississippi River near Cassville (Grant 

In central Arizona (Minckley et al. 1970), the diet County), 12 smallmouth buffaloes were associated 

of smallmouth buffaloes varied radically from one with the following species: longnose gar (1), moon- 
season of the year to another. In January and Febru- eye (1), gizzard shad (25+), quillback (10), highfin 
ary the diet was largely composed of diatoms, but in carpsucker (1), common carp (7), largescale stone- 
March and April a combination of Cladocera; Cope- roller (1), silver chub (7), speckled chub (2), golden 

poda, and green algae constituted more of the food shiner (3), bullhead minnow (7), fathead minnow (1), 

than diatoms. In May and June, a large component suckermouth minnow (1), emerald shiner (52+), 

of the diet was clams; from July through October, the spotfin shiner (4), spottail shiner (300+), river shiner 

largest component was blue-green algae; and in No- (300+), sand shiner (6), tadpole madtom (1), white 
vember and December, diatoms and blue-greens pre- bass (150+), yellow bass (7+), western sand darter 

vailed. (14), river darter (2), logperch (12), johnny darter (4), 

Buffaloes (species not identified) selected water largemouth bass (20+), bluegill (50+), black crappie 

temperatures of 31.0-34.0°C (87.8—93.2°F) in the Wa- (6), brook silverside (9), and freshwater drum (25). 
bash River, Indiana, and appeared to be as thermo- 
philic as carp (Gammon 1973). The maximum tem- IMPORTANCE AND MANAGEMENT 
perature at which the smallmouth buffalo was captured Although the smallmouth buffalo is an important 
in the White River and Ipalco Discharge Canal, Indi- component of the fish community in several waters, 

ana, was 33.6°C (92.5°F) (Proffitt and Benda 1971). the extent to which it is used as food by carnivorous 
In Elephant Butte Lake, New Mexico, the move- fishes is not known. In New Mexico, Jester (1973) 

ments of the smallmouth buffalo are not clearly noted that it had not been found in the stomach of 
understood. Evidence exists of shifts upstream dur- any other fish. 
ing the spring and summer and downstream during The smallmouth buffalo is caught commercially 
fall and winter; corresponding changes in population with gill net and seine; it is seldom taken by sport 
densities appear to be small, however, apparently be- fishermen on hook-and-line. It is a valuable food 
cause buffaloes continuously move into upstream fish, and is said to have a finer flavor than the other 

areas where local commercial harvesting has reduced buffaloes; purportedly there is less waste in cleaning 
smallmouth buffalo numbers (Jester 1973). Although a smallmouth buffalo because it has a smaller body 
considerable movement was noted, bona fide migra- cavity. Recipes for the preparation of buffaloes are 
tions and heavy seasonal concentrations of small- given by Hacker (1977); especially tasty is his recipe 
mouth buffaloes do not occur except into spawning for baked fish with stuffing. 
areas in spring. About two-thirds of the fishes The acceptability of the flavors and the aromas of 
marked in Elephant Butte Lake were recaptured less the smallmouth buffalo, river carpsucker, carp, and
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channel catfish was tested in New Mexico (Wisdom hence they are proportionately a more valuable part 
1972). The catfish was ranked first, smallmouth buf- of the catch; in 1975, I recall seeing a light-colored 
falo second, river carpsucker third, and carp last. smallmouth buffalo, about 3.6 kg (8 lb) which the fish 
Jester (1973) concluded that since the identity of the wholesaler had set aside because “it brings a much 

fishes was unknown to members of the taste panel, better price.” 
these results imply that differences in market accept- Commercial production of buffaloes has appar- 
ability and prices are determined more by the preju- ently been stable since the early 1950s. Two factors 
dices of consumers than by the flavor and the aroma appear to have reduced buffalo production from the 
of the fish. large numbers which were known at the turn of the 

Over much of its range the smallmouth buffalo is a century: competition from the exotic carp, and the 
valuable commercial fish. In the Wisconsin waters of construction of flood-control dams and levees, which 
the Mississippi River from 1965 to 1976, the catch for destroyed potential breeding grounds by inhibiting 
the combined species of buffaloes averaged 269 thou- flooding. 
sand kg (592 thousand Ib) yearly (see p. 619). Just A standing crop biomass of 780 kg/ha (700 Ib/acre) 

what proportion of the buffalo catch was made up of has been reported for smallmouth buffaloes (Jester 
smallmouth buffaloes is not known, although this 1973). It appears that continued heavy fishing pres- 
species is second in abundance to the bigmouth buf- sure would cause a rapid decline of buffaloes, to the 
falo in upper Mississippi waters. Medium-sized point where a profitable commercial fishery could not 
smallmouth buffaloes generally bring premium prices, be maintained.
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Quillback halves of the lower lip meeting in an acute angle; lips 

thin and flesh-colored in life. Pharyngeal teeth small, 

about 210 per arch, each tooth bearing an enamel- 

Carpiodes cyprinus (Lesueur). Carpiodes—carplike; cy- like cap on cutting edge with a small cusp anteriorly; 
prinus—after the island of Cyprus, from which arch medium stout, the anterior edge with large 

the carp was supposedly introduced into Eu- honeycomb openings; the symphysis short. Subop- 
rope. ercle broadest below middle. Dorsal fin long, falcate; 

Other common names: quillback carpsucker, lake anterior dorsal ray filamentous, its depressed length 

quillback, silver carp, carpsucker, eastern carp- falling between middle and end of fin base and 
sucker, coldwater carp, quillback sucker, white sometimes beyond; dorsal fin base into SL 2.4-2.6; 
sucker, broad mullet, mullet, carp, lake carp, dorsal fin rays 22-30; anal fin rays 7-8; pelvic fin rays 
white carp, long-finned sucker, breme, drum. 9-10. Lateral line scales usually 36-40; lateral line 

complete. Digestive tract much coiled. 

Back silvery gray to light olive; sides silvery; belly 

a whitish. Fins colorless, almost lacking in pigment. 
- Breeding male with small tubercles on the sides and 

Paes ee _ ” a ventral surface of the head (see Huntsman 1967), on 

Poy) is ge the first dorsal ray, and on at least the first 8 or 9 pec- 
hla. is “S65 toral rays and the first 2 pelvic rays. Large breeding 

nl 33 female occasionally with a few tubercles on the side 
of the head. 

Hybrid: Quillback x highfin carpsucker (Wis. Fish 
Immature 141 mm, Wisconsin R., Boscobel (Grant Co.), 18 June Distrib. Study #1385). 

1962 

SYSTEMATIC NOTES 
DESCRIPTION Carpiodes forbesi, formerly distinguished from C. cy- 
Body stout, compressed; back may be much arched; prinus by its more slender form, large head and 
ventral line nearly straight anteriorly. Average length mouth, and the lower and more posterior dorsal fin, 

356 mm (14 in). TL = 1.32 SL. Depth into SL 2.6-3.2. is now recognized as an environmental variant of C. 

Head into SL 3.2-3.8. Snout long, bluntly pointed, cyprinus (Bailey and Allum 1962). 
its upper surface between nostrils and tip typically Two subspecies are recognized: the northern quill- 
notched (clearcut crosswise depression) in lateral back carpsucker, Carpiodes cyprinus cyprinus (Le- 
view. Mouth ventral, tip of lower lip well in advance sueur), and the central quillback carpsucker, Car- 
of anterior nostril; no knob at tip of lower lip; the piodes cyprinus hinei Trautman. The latter is recognized 
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| Carpiodes cyprinus - eee ere _ 4 O Greene (1935) 

by its larger size, deeper body, and smaller eyes. The quillback was encountered in clear to turbid 

Some specimens from the southern parts of Minne- waters at depths of 0.1 to more than 1.5 m, over sub- 

sota and Wisconsin and from northern Iowa are strates of sand (44% frequency), gravel (20%), silt 

thought to be intergrades (Hubbs and Lagler 1964, (12%), mud (12%), clay (8%), and rubble (4%). It oc- 

Trautman 1957). curs in medium- to low-gradient rivers and in their 
lakes and sloughs, and in streams down to 6.1 m 

DISTRIBUTION, STATUS, AND HABITAT wide. 
In Wisconsin the quillback occurs in the Mississippi 
River and Lake Michigan drainage basins. It is pres- BIOLOGY ; / / . 

ent in the entire Mississippi boundary water, the St. The extent of the spawning season in Wisconsin is 

Croix upstream to Douglas County, the lower Chip- not known, although tuberculate males have been re- 

pewa and Red — rivers, ae es 4 ported fom tne Chippewa River as carly as vow. 

stream to Portage County, and in the Rock and IIli- ay. A tuberculate male was taken from the Red Ce- 

nois-Fox river systems. It was listed erroneously by dar River (Dunn County) on 15 June, and others from 

Cahn (1927) as C..velifer from the Rock and Fox rivers the junction of the Chippewa and Mississippi rivers 

in Waukesha County. In the Lake Michigan basin it as late as 28 September. 

occurs " upper ang lower Fox River and a con- In Ohio the quillback appears to ac a lee 

necting lakes, in Lake Poygan, and in Green Bay. spawning period, and ripe males and females have 

In Wisconsin, the quillback is abundant in the been taken from late June through September. Water 

lower Wisconsin River, the Mississippi River, and in temperatures usually range from 19.0 to 28.0°C (66.2 

Lake Winnebago. Over most of the remainder of its to 82.4°F) during the spawning period (Woodward 

Wisconsin range it is considered common. Its status and Wissing 1976). According to Trautman (1957), 

appears to be secure. spawning adults ascend small creeks in the spring,
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and have been found in base and low gradient, lar to that of the quillback in Iowa (Vanicek 1961). The 
dredged ditches of less than 3 m (10 ft) in average males are generally larger than the females at each 
width. In lowa, spawning probably occurs from May annulus. The condition (K;,) was highest (1.38) in age- 
through July (Buchholz 1957, Vanicek 1961). Accord- I fish; the lowest values occurred in the age-X (1.08) 
ing to Harlan and Speaker (1956), the eggs are depos- and age-XI (1.13) fish. 
ited in a random fashion over sand and mud bottoms The largest Wisconsin quillback observed was 601 
in quiet waters of streams. No nest is built, and no mm (23.7 in) TL, and weighed 3.67 kg (8.1 Ib). Traut- 
care is given the young. man (1957) noted a maximum length of 660 mm (26 

Eggs in a 601-mm female quillback from the Red in) and a maximum weight of 4.08 kg (9 Ib). 
Cedar River (Dunn County) were 1.6-1.8 mm diam. The quillback feeds freely on debris in the bottom 
Fecundity in this species ranges from 15,235 eggs for ooze, on plant materials, and on insect larvae. Ac- 

an age-VI fish to 63,779 for an age-X fish (Woodward cording to Harrison (1950), only small amounts of 
and Wissing 1976). identifiable material are found in the visceral con- 

M. Fish (1932) illustrated and described the 21-mm tents: 86% undeterminable debris, 12% algae, and 

stage. 2% insect remains, with a trace of other inverte- 
The growth of young-of-year quillbacks in south- brates. Very small tendipedids, sometimes occurring 

ern Wisconsin has been recorded as follows: by the thousands, were the only insects found intact 
in the digestive systems examined. Other insects 

TL were represented by larvae cases, detached legs, and 

No.of 9mm) wings. In southeastern Wisconsin (Cahn 1927), the 
Date Fish Avg __ Range Location quillback’s food consisted of fragments of aquatic 
18 June 10 24 23-28 Wisconsin R. (Grant Co.) vegetation and algae, occasional Chironomus larvae, 
27. June 9 82) 27288 Wisconsin R. (Richland.Co:) and a variety of snails (Planorbis, Physa), and small 
13 July 13 41 34-48 Wisconsin R. (Grant Co.) 

8 Aug. 8 61 54-72 Wisconsin R. (lowa Co.) clams. 
15 Aug. 8 66 56-80 Sugar R. (Green Co.) The quillback inhabits quiet water except when 
16 Sept. ¢ TO 2612s Millers (ichland Ce.) spawning. In Indiana, it prefers 29.0-31.0°C 

Bieent, N00 70r128__Mississipnt R.GrantGos) (84.2-87.8°F) water temperatures, which are prob- 

ably within the optimum for that species (Gammon 
Considering the size of these young-of-year, and the 1973). Gerking (1945) noted that it is seldom found 
natural growth sequence as the season progresses, among aquatic vegetation. 

we may surmise a May to June spawning period in The quillback overwinters in large, turbid waters 
Wisconsin. of low gradient over clayey silt bottoms, although it 

Frequently large numbers of young quillbacks are is known from clear waters and clean bottoms as 
taken from quiet, broad flats no more than 15 cm (6 well. A downstream migration of both young and 
in) deep. Such quiet areas are often overlaid with silt. adults occurs in the late summer and early fall in 

In the lower Wisconsin River, age-I quillbacks are Ohio (Trautman 1957). 
144 (134-155) mm TL by mid-July; age-II fish average In the Mississippi River at Wyalusing (Grant 

202 mm. The ages and growth of select quillbacks County), 187 quillbacks were associated with these 
were: species: longnose gar (10), bowfin (1), gizzard shad 

(89), smallmouth buffalo (1), shorthead redhorse (3), 

Age TL golden redhorse (7), common carp (2), silver chub (1), 

Date Glass ___.Amm) Location golden shiner (110), bullhead minnow (145), pug- 
25 Aug. 1972 Vv 374 Wisconsin R. (Wood Co.) nose minnow (8), emerald shiner (340), spotfin shiner 
S He oes i ba Woon e Cee ©.) (245), spottail shiner (589), river shiner (428), sand 
28 July 1962 IX 457 Wisconsin R. (Richland Co.) shiner (6), bigmouth shiner (1), brown bullhead (2), 
27 Sept. 1974 x! 601 Red Cedar R. (Dunn Co.) tadpole madtom (1), northern pike (1), white bass 
Ms duly 1974 Xt! 852i Menomin (Dunno) (119), yellow bass (4), yellow perch (5), sauger (2), 

walleye (2), western sand darter (5), river darter (1), 

In Ohio (Woodward and Wissing 1976), total lengths logperch (11), johnny darter (36), smallmouth bass (1), 

(mm) of 194 quillback carpsuckers (sexes combined) largemouth bass (31), pumpkinseed (1), bluegill (173), 

calculated back to the annuli were: 1—84; 2—156; 3— orangespotted sunfish (8), rock bass (1), black crap- 
206; 4—242; 5—280; 6—312; 7—342; 8—368; 9—398; pie (178), white crappie (14), brook silverside (118), 

10—428; and 11—448. This rate of growth was simi- and freshwater drum (17).
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IMPORTANCE AND MANAGEMENT carpsucker are sorely needed. Its potential as a future 
The quillback is undoubtedly available as a forage food resource is excellent. 
species, especially during the first year of life when In the Lake Michigan basin, limited commercial 
the young commonly frequent shallows. After that, fishing and fish removal programs account for the 
most quillbacks are too large to serve as forage fish. few hundred kilograms of quillbacks taken yearly 
Although quillbacks are not of any particular im- from Lake Poygan (Becker 1964b). In Lake Winne- 

portance to the angler, more of them are taken by bago, 0.5 to 16 thousand kg of quillbacks are 
anglers than any other carpsuckers. Because of their removed annually (Priegel 1967a); state fishermen re- 
abundance in most streams, considerable numbers moved 848 kg in 1976 (Wis. Dep. Nat. Resour. 1976b). 
are taken incidentally to other catches (Harlan and In reports of the commercial catch for the Missis- 
Speaker 1956). Doughballs, bread, small worms, and sippi River, the quillback is not distinguished from 
grubs are generally used by the few fishermen who the other carpsucker species; the term “quillback” in 
attempt to catch them. Illegal snagging devices are such reports represents mostly the quillback, but also 
also used, especially in the fast waters below dams. includes the river carpsucker and the highfin carp- 
This method is wasteful, however, since not only the sucker. Quillbacks constituted the bulk of the follow- 
quillback, but other species as well, are injured in the ing catches from Wisconsin waters of the Mississippi 
unsuccessful attempts when the hook pulls out of the River: 1965—6,461 kg (14,245 Ib), $285 total value; 

flesh. 1970—10,362 kg (22,845 Ib), $571 value; 1971—11,257 
The quillback flesh is white, flaky, sweet, and very kg (24,816 Ib), $496 value; 1975—9,652 kg (21,278 Ib), 

tasty, particularly in the spring. Its suitability as a $851 value; and 1976—8,529 kg (18,802 Ib), $752 value 
food fish is marred by the large number of bones, (Fernholz 1966, 1971, 1972; Fernholz and Crawley 

which make it hard to process (by machines or by 1976, 1977). 
hand) and to eat. Better methods of processing the
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River Carpsucker : 

rN ¢.. 
Carpiodes carpio (Rafinesque). Carpiodes—carplike; car- ya a a. ‘ 

pio—carp. a ae) 
Other common names: carpsucker, white carp, quill- f o> 9 ce 

back, silvery carp, northern carpsucker. | = ae | 
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DESCRIPTION f. er) eel 

Body stout, back moderately compressed and slightly : 
arched; ventral line nearly straight. Average length i 

320 mm (12.6 in). TL = 1.31 SL. Depth into SL Pharyngeal arches of the river carpsucker. A. Front view. B. Back 
2.3-3.1. Head length into SL 3.5—4.1. Snout bluntly view. 
rounded, its upper surface between nostrils and tip 
seldom notched. Mouth ventral; a small, median knob 
on lower jaw, tip of knob scarcely or not at all in ad- Back brown-olive; sides silvery; belly whitish. Fins 
vance of anterior nostril; lips thin and white in life, generally clear; in large, old fish the fins are pig- 
the halves of the lower lip meeting in a wide angle. mented. 
Pharyngeal teeth minute, narrow, and fragile, about Breeding male with minute tubercles on top and 
255 per arch; arch broad, paper thin. Subopercle sides of head (see Huntsman 1967), scales of nape, 

broadest below middle. Dorsal fin long, falcate; an- and upper surfaces of pectoral and pelvic fin rays. 
terior dorsal ray never filamentous, usually less than Hybrids: According to Trautman (1957), hybridiza- 
two-thirds length of dorsal fin base; dorsal fin base tion is possible with the highfin and quillback carp- 
into SL 2.4-2.7; dorsal fin rays 23-27; anal fin rays suckers, but such hybrids are difficult to detect since 
7-8; pelvic fin rays 9 (8-10). Lateral line scales 34- these species already resemble one another in their 
36; lateral line complete. Digestive tract much coiled. morphological characters. 
Chromosomes 2n = 96-100 (Uyeno and Smith 1972). 

C. carpio and C. velifer less than 75-100 mm TL are DISTRIBUTION, STATUS, AND HABITAT 
difficult to separate since distinctive characteristics do In Wisconsin the river carpsucker occurs in the Mis- 
not appear until later. sissippi River drainage basin, principally in the Mis-
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sissippi, Chippewa, Wisconsin, and Sugar rivers, in water 1 to 3 feet deep. Spawning was a noisy perform- 

and occasionally in the mouths of their tributaries. ance with much slapping at the water surface. Eggs were 

The river carpsucker is limited in both numbers apparently broadcast loose in the water since a number 
and range. In the Chippewa and Wisconsin river sys- were found adhering to the float of a gill net nearby. Sur- 

ems it is‘uncommon'to;common: face water temperature was 75°F (23.9°C). 

In Wisconsin, this species occurs in large, silty riv- According to Behmer (1965), ripe females were col- 
ers over sand and silt. It prefers slow-moving water, lected in Iowa in mid-August. There was no clearly 
sloughs, and pools. defined spawning peak, and female carpsuckers did 

OL not ripen synchronously. Some carpsuckers probably 

B OGY . . . spawn more than once a year. In South Dakota (Wal- 

In Wisconsin, spawning occurs in May and probably burg 1976), spawning is most successful in years 
later. In Iowa, spawning begins in late April or early when water levels rise in the spring to flood marshes 
May (Harlan and Speaker 1956); the greatest spawn- or low-lying meadows. Cross (1967) noted spawning 
ing activity in the Des Moines River occurs in mid- in a narrow zone along a bank that was eroded by 

June to early July (Behmer 1965). The eggs are depos- the current. He reported that the roots and some 
reget randony and left unattended until oe ae fallen stems of rushes, exposed by undercutting, pro- 

NEW MEXICO), SPaWEINg May: OCCU MOM eany vided substrates for the deposition of the eggs. 
April through early August at water temperatures of A gravid age-V female, taken from the lower Wis- 

18.3—24.0°C (64.9-75.2°F) (Jester 1972). consin River on 24 May, held ripe eggs 1.4-1.5 mm 

Spawning was observed in Oklahoma by R. M. diam, and a 487-mm female, taken from the Chip- 

Jenkins (Walburg and Nelson 1966:14): pewa River (Dunn County) on 18 May, held mature 
Spawning occurred after dark between 8:30 and 10:30 p.m. eggs 1.2-1.5 mm diam. 

over firm sand bottom on the leeward side of a large island Behmer (1969a) found fecundity ranging from
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4,430 eggs in a 183-g female to 154,000 eggs in a 737- is little variation in diet by age or season. River carp- 
g fish. The ovaries in the latter were more than 20% suckers ingest a wide variety of the small planktonic 
of the body weight. He reported eggs in three size plants and animals which are found in quiet pools 
groups; the smallest group was the most numerous, and backwaters of most rivers and streams. They 
and contained very small, yolkless, transparent eggs have fine gill rakers, and a highly efficient taste sys- 
(Behmer 1965). tem in the buccal epithelium (Miller and Robison 

The eggs hatch in 8-15 days. The 12- and 14-mm 1973). 
stages have been illustrated by May and Gasaway In the Des Moines River, river carpsuckers 15-25 
(1967). Growth is rapid. Ten young from the Sugar cm (6-10 in) long contained 60% unidentifiable or- 
River (Rock County) were 44 (38-51) mm TL on 14 ganic material and 40% plants; fish 25 cm (10 in) and 

August, and 51 young from the Wisconsin River (Co- longer contained 64% plants, 26% insects, and 10% 
lumbia County) averaged 60 mm on 20 September. invertebrates other than insects (Harrison 1950). The 

Age-I river carpsuckers from the Mississippi River insects were largely bloodworms and larval caddis- 
(Buffalo County) were 183-216 mm TL (Christenson flies. 
and Smith 1965). In Pool 8 of the Mississippi River In Indiana, Gammon (1973) determined the opti- 
(Vernon and La Crosse counties), carpsuckers 385 mum temperature range for the river carpsucker at 
mm TL were age IV; 466 mm, age V; and 511 mm, 31.5-34.5°C (88.7-94.1°F). The maximum temper- 

age VI (Bur 1976). The condition (K;,) for each age ature at which the river carpsucker was captured in 
group was 1.47, 1.52, and 1.25, respectively. the White River and Ipalco Discharge Canal, Indiana, 

In the Wisconsin River (Dane County), adults 397— was 37.5°C (99.5°F) (Proffitt and Benda 1971). 
410 mm TL had the following estimated lengths at Tagging and recapture experiments on the Des 
the annuli: 1—173 mm; 2—280 mm; and 3—365 mm. Moines River (Iowa) suggest that the river carp- 
River carpsuckers 446-493 mm TL from the Chip- sucker has a sedentary nature (Behmer 1969b), and 
pewa River (Dunn County) showed the correspond- that individual carpsuckers may remain together in 
ing lengths: 1—120 mm; 2—265 mm; 3—366 mm; 4— preferred habitats. In one instance, a carpsucker was 
404 mm; 5—439 mm; and 6—460 mm. recaptured 10 km (6 mi) downstream the year fol- 
Growth is more rapid in cutoff lakes and sloughs lowing tagging. 

than in the mainstream Missouri River (Morris 1965). Behmer estimated a population of 6,932 fish longer 
There is some evidence that high water levels con- than 150 mm for his 4 km study area, and a weight 
tributed to the reduced growth of carpsuckers in the of approximately 500 kg per river kilometer. 
Des Moines River (Keeton 1963), and there is some In the Wisconsin River (Sauk County), 20 river 

correlation between high water temperatures and carpsuckers were associated with the following spe- 
more rapid growth. cies: shovelnose sturgeon (1), mooneye (1), quillback 

Maturity usually occurs at age III for males, and at (1), highfin carpsucker (3), smallmouth buffalo (1), 
ages III or IV for females; however, maturity has been black buffalo (1), blue sucker (9), shorthead redhorse 
reported for both sexes at age II (Carlander 1969). In (20), golden redhorse (4), northern hog sucker (2), 
most populations, numbers drop off abruptly after common carp (15), silver chub (6), speckled chub (2), 

age V or VI, although specimens up to age XI have bullhead minnow (17), bluntnose minnow (2), emer- 
been reported. ald shiner (199), spotfin shiner (92), spottail shiner 

The largest river carpsucker from Wisconsin wa- (1), Mississippi silvery minnow (1), channel catfish 

ters was 528 mm TL (Christenson and Smith 1965). (1), white bass (1), yellow perch (1), sauger (14), 
A 526-mm, 2.04-kg male from the Red Cedar River walleye (10), river darter (1), slenderhead darter (1), 

(UWSP 5323) was estimated to be 8 years old. A 635- logperch (8), smallmouth bass (7), black crappie (1), 

mm, 4.65-kg (25 in, 10 lb 4 oz) specimen was re- and freshwater drum (3). 

ported from Ohio (Trautman 1957). 

In the Des Moines River (Iowa), the most common 

foods of young-of-year river carpsuckers are phyto- IMPORTANCE AND MANAGEMENT 
plankton, followed by Difflugia, diptera larvae, and The river carpsucker is undoubtedly available as a 
rotifers (Buchholz 1957). forage species, especially during the first year of life 

The river carpsucker is essentially a bottom feeder, when the young commonly frequent shallows. After 
which browses on the periphyton associated with that most of them are too large to serve as forage fish. 
submerged rocks and debris; sand and silt found in In Wisconsin, angling for the river carpsucker is in- 
stomachs confirms its bottom-feeding habits. There cidental to angling for other species. In Iowa (Harlan
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and Speaker 1956), a few fishermen are adept at smoked (Brown 1971), and the meat is white and 

catching river carpsuckers and find considerable sweet. However, the numerous bones prevent its 
pleasure in the sport. Usually very small hooks, wide use as a table delicacy. 
numbers 8 to 10, are baited with tiny doughballs or Commercial fishing reports for the Wisconsin wa- 
small pieces of moistened bread rolled into balls the ters of the Mississippi River include river carpsuck- 
size of a pea. The best fishing places are around large ers in the catch with the quillback and the highfin 
drift or brush piles in the stream, or immediately be- carpsucker under the heading “quillback.” River 
low dams. carpsuckers constitute only a small part of the yearly 

The river carpsucker has an excellent taste when catch of carpsuckers (see p. 633).
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Highfin Carpsucker 
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Carpiodes velifer (Rafinesque). Carpiodes—carplike; Ite a , ’ 

velifer—sailbearer. r Fy “ 
Other common names: highfin, humpbacked carp, a og 

white carp, quillback carp, highfin sucker, silver pene aa. 
carp, river carp, carpsucker, bluntnose river re t E A a 

carp, spearfish, sailfish, skimback, skimfish. va : 4 

We he } 

a Pe. Fd 
Y 2 8 

Pi 
F ee 

| a Right pharyngeal arch of the highfin carpsucker. A. Front view. 
= — B. Back view. 
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< are possible with the quillback and river carpsucker. 
A highfin carpsucker x quillback was taken from the 

. : Cassville slough of the Mississippi River (Grant 
Adult 222 mm, Wisconsin R. (Grant Co.), 24 Sept. 1966 County) on August 1976 (Wis. Fish Distrib. Study, 

#1385). 
DESCRIPTION 
Body deep, much compressed laterally, with back SYSTEMATIC NOTES 
highly arched; ventral line straight anteriorly, curved C. velifer of Cahn (1927) is erroneous, and refers to 
posteriorly. Average length 216 mm (8.5 in). TL = C. cyprinus. C. difformis Cope of Forbes and Richard- 
1.34 SL. Depth into SL 2.2-2.6. Head into SL 3.7-4.1. son (1920) refers to the present species, C. velifer. 
Snout bluntly rounded, its upper surface between 

nostrils and tip seldom notched. Mouth ventral; a DISTRIBUTION, STATUS, AND HABITAT 

small, median knob on lower jaw, tip of knob directly In Wisconsin the highfin carpsucker occurs presently 
below or slightly in advance of anterior nostril; lips only in the Mississippi River drainage basin, where it 
weakly plicate, the halves of lower lip meeting at a reaches the northern limit of its range. It has been 
70-90° (sometimes greater) angle. Pharyngeal teeth reported from the Mississippi, lower St. Croix, lower 
minute, narrow and fragile, about 270 per arch; arch Chippewa, and lower Wisconsin rivers. 

broad, paper thin, with symphysis much elongated. Its presence in the Lake Michigan basin is based on 
Subopercle broadest below middle. Dorsal fin long, two old records—one from the Calumet River in IIli- 
falcate; anterior dorsal ray filamentous, its depressed nois, and the other, which is questionable, from the 
length (if unbroken) longer than length of fin base; Lake Michigan drainage basin. The latter was re- 
dorsal fin base into SL 2.6; dorsal fin rays 23-27; anal ported from “Root River, Michigan”; however, Hubbs 
fin rays 8-9; pelvic fin rays 9-10. Lateral line scales (1926) concluded that it was more likely the Root 
usually 33-35; lateral line complete. Digestive tract River of Wisconsin. It is doubtful that the highfin 
much coiled. C. velifer and C. carpio less than 75-100 carpsucker now exists in the Lake Michigan basin 
mm TL are difficult to separate since distinctive char- (Becker 1976). 
acteristics do not appear until later. Of all carpsuckers, the highfin has the most re- 

Back brown-olive; sides silvery; belly whitish. Fins stricted range, and a number of reports indicate di- 
generally colorless, almost lacking in pigment. minishing numbers in many parts of its range. In 

Breeding male with small tubercles on top and Iowa, it is found primarily in the large inland rivers, 
bottom of head, on snout (see Huntsman 1967), on and only rarely in the Mississippi and Missouri rivers 
most scales, and on the rays of the fins. (Harlan and Speaker 1956). In Missouri, it is rare and 

Hybrids: According to Trautman (1957), hybrids appears to be confined to reservoirs in the Ozarks
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(Pflieger 1975); it has disappeared “from streams in the quiet waters immediately adjacent to the river 

where it occurred 30 years ago.” In Kansas, it is an channels. It occurs over substrates of sand and gravel 

endangered species (Platt et al. 1973), and in Ne- in areas which are essentially free of vegetation. 

braska it is endangered and possibly extirpated (Miller In contrast to its habitat in Wisconsin, in the 

1972). southern portions of its range the highfin carpsucker 

On the upper Mississippi River, the highfin is often occurs in small streams or rivers. This phe- 

rarely taken where it was once common (P. W. Smith nomenon has been observed in other species, such 

et al. 1971). In the Minnesota-Wisconsin boundary as the smallmouth bass, the southern redbelly dace, 

waters of the Mississippi and St. Croix rivers, Eddy and the central stoneroller minnow, which tend to 

and Underhill (1974) noted a decline in the highfin frequent “big water” in the northern portions of their 

population; only a single specimen was taken in Lake ranges and “little water” in the southern portions. 

St. Croix in a 4-year period. 
In Wisconsin, the highfin carpsucker appears to be BIOLOGY 

common in two areas: the lower Wisconsin River, as In Wisconsin, highfin carpsuckers in breeding con- 

attested by a number of collections made in 1962; and dition have been reported from the Red Cedar and 

the lower Chippewa River between Eau Claire and Chippewa rivers from mid-May to July, and from the 

Durand, where in 1977 a number of individuals Wisconsin River toward the end of July. In lowa (Har- 

(75+), 23-31 cm long and up to 450 g in weight, lan and Speaker 1956), breeding fish migrate in large 

were collected by boom shocking and _ seining numbers to the shallow areas and the overflow 

(D. Becker, pers. comm.). ponds of streams. 

In Wisconsin, the highfin carpsucker is found in In Ohio, the fecundity of four females (ages V-VII) 

large rivers where the current is moderate to swift, or ranged from 41,644 to 62,355 eggs per individual
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(Woodward and Wissing 1976). The average diameter empty (Bur 1976). The stomach contents of highfins 
of the eggs in a Red Cedar River (Dunn County) fe- 15-25 cm (6-10 in) long from the Des Moines River, 
male was 1.2 mm. Young-of-year from the Wisconsin Iowa, consisted of 93% bottom ooze and algae, and 
River (Grant County) were 58 (49-72) mm on 24 Sep- 7% insects (Harrison 1950); in fish over 25 cm (10 in) 
tember, and 56 (43-78) mm on 21 October. The lack long, these ratios were 78% and 22%. The insects 

of growth between the dates these collections were were very small bloodworms “sometimes occurring 
made suggests that growth for the year ceases in the by the thousands. ... Other insects were repre- 
early fall. sented by partial remains such as larvae cases, de- 

In the lower Wisconsin River (Sauk to Grant coun- tached legs, wings. . . .” 
ties), the highfin carpsucker showed the following D. Becker (pers. comm.) has suggested that the 
growth: highfin carpsucker is a schooling fish, since on sev- 

eral occasions large numbers were turned up at one 
TL time with the boom shocker. This species prefers a 

Age Month Novck (mm) habitat with moderately deep to deep water, differing 
Class Captured Fish Avg Range thus from the quillback. In Iowa in July, when water 

\ June 3 77-72-82 levels were low, the highfin was generally found in 
| July 29 101 81-120 riffle areas. Pflieger (1971) noted that the highfin is 

" Sept. 1 221 : . i Sept. ‘ 249 generally found in clearer waters and over firmer bot- 
iV July 1 308 toms than other carpsuckers, and that the highfin is 
v July 3 322 307-333 less tolerant of high turbidity and siltation. 

MO Sage 88ST. The maximum temperature at which the highfin 
carpsucker was captured in the White River and 

Back-calculated values at the annuli were: 1—51 mm; Ipalco Discharge Canal, Indiana, was 33.9°C (93°F) 

2—121 mm; 3—192 mm; 4—257 mm; 5—303 mm; (Proffitt and Benda 1971). 

and 6—312 mm. An upstream migration of highfin carpsuckers oc- 
In the Red Cedar River (Dunn County), two high- curs in a number of Ohio rivers during May; a down- 

fins captured in early July were age IV and had the stream movement occurs in late August and Septem- 
following estimated lengths at the annuli: 1—42 mm; ber (Trautman 1957). 
2—142 mm; 3—218 mm; and 4—290 mm. Apparently Trautman (1957) observed that C. S. Rafinesque 
these fish were the product of a late spawning; they called this species the “sailor fish, flying fish and 
showed little growth during the first year of life. The skimback” because of its curious habit of skimming 
condition (K,,) for the male (340 mm TL) was 1.65; along the surface with part of its back and its dorsal 
for the female (322 mm TL), it was 1.38. In Pool 8 of fin exposed, and because it frequently jumps above 
the Mississippi River, Bur (1976) determined the ages the water's surface. Trautman noted that skimming 
and weights for four fish: I—153 mm (58 g); V—460 and jumping occur most often on quiet evenings in 
mm (1,455 g) and 472 mm (1,630 g); and VI—496 mm the late spring and early summer. The habit is in- 

(1,720 g). Their condition (K,,) values were 1.62, 1.49, dulged in by all species of carpsucker, but the highfin 
1.55, and 1.41 respectively. appears to skim and jump more frequently than do 

According to Woodward and Wissing (1976), male the others, including the river carpsucker. 

highfins are generally larger than females at each an- In the Wisconsin River near Boscobel (Grant 
nulus, although the actual differences in length and County), 49 highfin carpsuckers were associated 
weight vary greatly. Sexual maturity is attained dur- with these species: longnose gar (1), gizzard shad 
ing the third year of life (Harlan and Speaker 1956). (23), quillback (31), river carpsucker (1), smallmouth 

Trautman (1957) noted that in Ohio many females are buffalo (2), shorthead redhorse (2), silver redhorse 
mature at 229 mm (9 in). (1), golden redhorse (1), white sucker (1), golden 

The maximum size reported for the highfin carp- shiner (10), bullhead minnow (195), fathead minnow 
sucker is the 496-mm, 1.72-kg (19.5-in, 3.8-lb) speci- (1), emerald shiner (24), spotfin shiner (666), spottail 

men from Pool 8 of the Mississippi River (Bur 1976), shiner (95), weed shiner (5), river shiner (29), Missis- 

noted above. sippi silvery minnow (47), grass pickerel (5), north- 
The digestive tract of a single adult highfin carp- ern pike (9), pirate perch (1), white bass (49), yellow 

sucker from Pool 8 of the Mississippi River contained perch (93), walleye (22), western sand darter (8), 

25 copepods and 2 tendipedids. Another fish was blackside darter (1), logperch (10), johnny darter (85),
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smallmouth bass (18), largemouth bass (150), pump- stage of the mollusks Amblema plicata and Megalonaias 
kinseed (1), bluegill (16), orangespotted sunfish (4), gigantea, and assists in the perpetuation of those clam 
black crappie (47), white crappie (6), brook silverside species. 
(10), and freshwater drum (5). The highfin carpsucker is not important to the 

angler. A few are caught incidentally with other fish, 

IMPORTANCE AND MANAGEMENT or by the methods used to catch quillbacks and river 
The use of the highfin carpsucker as a forage fish by carpsuckers. 
predator animals is unknown. Although the highfin Only a small part of the commercial catch from the 
carpsucker has been accused of competing with the Mississippi River includes the highfin, which is cate- 
small channel catfish for food, and with all fish for gorized under “quillback,” along with the quillback 
space in the rivers it inhabits (Harlan and Speaker and river carpsucker, in Mississippi River catch re- 
1956), it is doubtful that the small highfin population ports (see p. 633). Because of smaller size, the high- 
is of much consequence to the fish community. fin would be less vulnerable to capture with the 

The highfin carpsucker is host to the glochidial commercial gear commonly used.
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Spotted Sucker 
rN 2. - 

4 a 
Minytrema melanops (Rafinesque). Minytrema—re- § : 

duced aperture (an allusion to the imperfections i . 
of the lateral line); melanops—black appearance. 

Other common names: spotted redhorse, corncob 

sucker, striped sucker, speckled sucker, black 
sucker, winter sucker. 3 
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Immature 142 mm, L. Poygan (Waushara Co.), 19 July 1960 B Ya Fh. 

Pees ti a 
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Adult 411 mm, Mississippi R. (Pool 6), near Winona, Minnesota, ” fie v 

3 Aug. 1972 J fy] 

P Pharyngeal arches of the spotted sucker. A. Front view. B. Back 

or a view. 

bees eect ens ees i das st pao —— 

arch moderately strong with large, honeycomb open- 
ings; the symphysis much elongated. Dorsal fin 

: short, slightly sickle shaped in adults, straight in 
Breeding male 385 mm, Black R. (Jackson Co.), 2 May 1978 young; dorsal fin base into SL 5.0—6.0; dorsal fin rays 

11-12; anal fin rays 7; pelvic fin rays 9-10. Lateral se- 

DESCRIPTION ries scales 42—46; lateral line absent or incomplete (as 

Body elongate, almost round in cross section; ventral few as 4 unpored scales). 
line curved. Average length 279 mm (11 in). TL = Back dark green or brown-olive; sides coppery 
1.29 SL. Depth into SL 3.9-4.5. Head into SL green; belly gray to silvery. Fins dusky, paired fins 
3.9-4.6. Snout bluntly pointed. Mouth ventral or dusky to white; black pigment on outer quarter to 
slightly oblique, lips thin; upper lip with faint plicae; third of dorsal fin. Anterior exposed edges of scales 
lower lip plicate and forming a sharp angle poste- with pronounced squarish spots, lined up in regular 
riorly. Pharyngeal teeth about 83 per arch; crown of horizontal rows. 
each tooth with prominent cusp on anterior edge; Breeding male with tubercles on snout, over eye,
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on cheeks, along ventral edges of head; and a St. Croix River, it is reported upstream to St. Croix 

strongly tuberculated anal fin. In some males, small Falls (Polk County) (Phillips and Underhill 1971). In 

tubercles on other fins and on scales of the back. Lake Wingra (Dane County), a single specimen was 

Males with 2 dark, nearly black, midlateral stripes taken in 1944 (Noland 1951); it was probably intro- 

separated by a pinkish red stripe (McSwain and Gen- duced from the Mississippi River in fish rescue and 

nings 1972). In some breeding females, small tu- transfer operations. 

bercles on anal fin and a faint, pink midlateral stripe. In most areas at the northern limit of its range the 
spotted sucker appears to be declining in numbers. 

SYSTEMATIC NOTES In Illinois, it has declined sharply since the beginning 

Only one species is recognized in the genus Miny- of the century (P. W. Smith 1965, Larimore and Smith 

trema. Minytrema is closely related to the chubsuckers 1963). In Iowa, it is doubtful whether the spotted 

in the genus Erimyzon. sucker now exists anywhere but in the Mississippi 
River (Harlan and Speaker 1956). In Ohio, it was 

DISTRIBUTION, STATUS, AND HABITAT widely distributed throughout the state before 1900, 

In Wisconsin the spotted sucker occurs in the Missis- but since 1920 it has been rather locally distributed 

sippi River and Lake Michigan drainage basins. Pri- (Trautman 1957). Its decrease in Ohio was caused pri- 

marily a species of large rivers and their sloughs and marily by destruction of the habitat. Trautman noted 

reservoirs, it occurs in the Mississippi, St. Croix, that this small-mouthed sucker with closely bound 

Chippewa, Black, Des Plaines, and Wolf rivers, and gill covers “seemed to be particularly intolerant to 

in the lower parts of their tributaries. It has been re- turbid waters, various industrial pollutants, and to 

ported from the upper Fox River and Lake Winne- lake and stream bottoms covered with flocculent clay 

bago (Priegel 1967a, Fassbender et al. 1970). On the silts.” Cross (1967) suggested that the reduction in
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spotted sucker numbers in Kansas since early in the When a female swam into the riffle, the nearest males 
century may be traced to unfavorable environmental immediately darted toward her and began bumping 
changes (mainly siltation) resulting from the inten- and prodding her about the abdomen, back, and 
sive cultivation of watersheds along the low gradient head with their snouts. Males often swam back and 
streams that are preferred by this species. forth over the female during this prespawning activ- 

In Wisconsin, the spotted sucker is common locally ity. 

in the lower Wisconsin and in the Mississippi rivers McSwain and Gennings noted that spawning usu- 
and in their larger tributaries. It has apparently ex- ally involved two males and a female. During spawn- 
panded its range in the Wolf-Fox and Des Plaines ing, the female settled on the bottom with a male on 
river drainages since Greene (1935) collected in the each side of her; all three fish were positioned with 

late 1920s. In Wisconsin this species seems to be se- their heads upstream. The males clasped the poste- 
cure. rior half of the female’s body between their posterior 

In Wisconsin the spotted sucker occurs most fre- halves, and vibrated their caudal portions vigorously 
quently over a soft bottom of muck or sand where for 2-6 sec. During the vibratory period, the trio rose 
there is plant detritus. It is generally found in slightly toward the surface in a tails-down angle. Eggs were 
turbid water, which is either quiet or has a sluggish shed near the end of this period; they drifted down- 
current; it is frequently found in areas with heavy stream directly below the spawning site. At comple- 
aquatic vegetation. Atypical habitats are known for tion of the spawning act, the spawners often broke 
this species. In Kansas it occurs in some intermittent the surface of the water as they separated. The fe- 
streams which become turbid after rains, and in male immediately moved away, leaving the males to 
streams with bottoms that vary from bedrock to resume their territorial positions. Rarely, a single male 
muck, but are always firm (Cross 1967). would pin a female between his body and a promi- 

nent rock, but eggs were not observed during these 
BIOLOGY unions. When spawning was in progress, whether 
In Wisconsin the spotted sucker spawns in May. On involving one male or two, the intrusion of an addi- 
9 May 1968, specimens from the St. Croix River at tional male broke up the union. 
Taylor’s Falls (Chisago County), Minnesota, were Spotted sucker eggs hatch in 7-12 days (Carlander 
stripped of eggs or milt and returned to the river 1969). Just prior to hatching, the eggs are 3.1 mm 
(Phillips and Underhill 1971). diam; at hatching the larvae are 8.0-9.2 mm TL 

In Georgia, spawning occurred from 11 March to 4 (White 1977). White illustrated the larval stages from 
May at water temperatures of 12.2-19.4°C (54-66.9°F) 8.5 to 23.5 mm long. He noted that scale formation 

(McSwain and Gennings 1972). The jumping activity begins at 24-26 mm, and is completed by 32-33 mm. 
of spotted suckers, which drew attention to the In Wisconsin, the growth of young-of-year spotted 
spawning site, was most obvious in pool-like areas suckers has been recorded as follows: 
near the riffle on which spawning was observed. 
Spawning occurred from the late morning into the TL 
afternoon over limestone rubble, in a riffle area No.of 9m) 
0.3-0.5 m deep. The flow rate of the riffle area was Date Fish Avg Range Location 
estimated at 1.4 m*/sec, and the surface velocity at 2 Aug. 10 44 38-49 Pine R. (Richland Co.) 
0.24 m/sec. McSwain and Gennings described pre- Aue ; an Uae Co.) 
spawning activity (1972:738): 28 Aug. 2 53 51-55 _Des Plaines R. (Kenosha Co.) 

. . . From three to seven males, positioned with head up- 3 Sie 5 a ose eRe te 
stream, established loosely defined territories over a 6 m by 16 Sept. 2 58 52-63 Wolf R. (Outagamie Co.) 

3 m area. Active defense of territories was observed in 16 Sept. 1 78 Wolf R. (Waupaca Co.) 
which the defender swam directly toward the intruder, 
chasing him several meters before returning to his territory. BeBecltncad S53 
eta resulted when a cruising Gee swam ee wie age] fish ae a the Mississippi River 
close to an already positioned male. These confrontations (Grant County) on 10 July averaged 145 (130-150) 
rarely involved actual physical contact. The males did not mm TL. Seven spotted suckers taken 2 May 1968 
defend their territories against the intrusion of minnows from Pool 8 of the Mississippi River were 145-460 
that were present on the riffle. Established territories be- mm TL; they were 2-8 years old, and calculated 
came temporarily indistinct with the appearance of a fe- lengths at the annuli were: 1—61 mm; 2—131 mm; 
male. 3—197 mm; 4—327 mm; 5—387 mm; 6—425 mm; 7—
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442 mm; and 8—457 mm (W. Resheske, pers. comm.). day, while the adults feed mainly at dawn and dusk. 

At the time of capture, the annulus for the year had This species feeds actively during the breeding sea- 
been placed in age-II fish, but had not yet appeared son (McSwain and Gennings 1972). 
in fish age III or older. Ten spotted suckers were collected from the Pine 

One hundred twenty-two spotted suckers taken River (Richland County) along with river carpsucker 
during the summer of 1975 from Pool 8 of the Missis- (1), shorthead redhorse (2), white sucker (4), silver 

sippi River ranged from 130 to 495 mm TL; they were chub (2), speckled chub (1), golden shiner (7), bull- 
1-6 years old (Bur 1976). The calculated lengths at head minnow (31), bluntnose minnow (2), fathead 
the annuli were: 1—63 mm; 2—169 mm; 3—270 mm; minnow (3), suckermouth minnow (4), emerald shiner 

4—348 mm; 5—391 mm; and 6—450 mm. Weights (7), spotfin shiner (118), weed shiner (1), brassy min- 

ranged from 1.8 g for young-of-year to 1.73 kg (3 lb now (1), channel catfish (1), black bullhead (80), cen- 

13 oz) for a six-year-old. tral mudminnow (3), grass pickerel (1), walleye (1), 
The calculated lengths at the annuli for 85 spotted johnny darter (19), largemouth bass (9), green sun- 

suckers from the Mississippi River at Fountain City fish (26), pumpkinseed (5), bluegill (4), and black 

(Buffalo County) were: 1—61 mm; 2—203 mm; 3— crappie (4). 

284 mm; 4—351 mm; 5—396 mm; and 6—414 mm 

(Christenson and Smith 1965). IMPORTANCE AND MANAGEMENT 
A 150-mm female spotted sucker, taken from the Young spotted suckers are probably preyed on by 

Mississippi River at Bagley (Grant County), had other fishes and by birds (Scott and Crossman 1973). 
eaten mostly ostracods and tendipedid larvae, and The spotted sucker is occasionally taken by an- 
lesser amounts of ephemeropteran larvae, amphi- glers. On the Wolf River it bites on worms or grubs, 

pods, copepods, filamentous algae, and higher plant and is referred to by fishermen as a “corncob sucker.” 

material. Most of the food organisms were less than It is an excellent food fish. 
3mm TL. In the Mississippi River, the spotted sucker consti- 

In Pool 8 of the Mississippi River, copepods and tutes only a small part of the commercial catch re- 
ostracods constituted 19.4%, and cladocerans 77.2%, ferred to in statistics as “suckers and redhorse,” al- 
of the volume in spotted sucker digestive tracts (Bur though occasionally it may be a prominent part of a 
1976). Bur noted that many of the digestive tracts of catch. 
the fish examined were empty; he concluded that the From Alabama to Wisconsin, standing crops of the 
spotted sucker did not feed during periods of chang- spotted sucker averaged 8.7 kg/ha (7.8 Ib/acre), and 
ing light intensities. White and Haag (1977) found, ranged from 2.9 to 20.0 kg/ha (2.6 to 17.8 Ib/acre) 
however, that the young feed in schools during the (Carlander 1955).
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Lake Chubsucker ventral edges straight and parallel to one another; 
similar scale structure in Erimyzon oblongus. Chromo- 
somes 2n = 96-100 (Uyeno and Smith 1972). 

Erimyzon sucetta (Lacepéde). Erimyzon—sucker; su- Back olive brown; sides lighter and more yellow; 
cetta—from sucet, French for a sucker or suck- belly olive yellow. The scales prominently dark 
ing fish. edged. Fins olive to slate colored. Young with a clear 

Other common names: chubsucker, pin sucker, pin black stripe from tip of snout to base of caudal fin; 
minnow, sweet sucker. caudal fin reddish; dorsal fin with dark chromato- 

phores on interradial membrane between first and 
second ray, thinly scattered chromatophores on distal 
portions of second and third membranes, chroma- 
tophores absent from the rest of the membranes. 

Z Breeding male with 3 large tubercles on each side 
«igang of snout; anal fin sickle shaped. 

_ a’ cas . SYSTEMATIC NOTES 
Literature records for Erimyzon prior to 1930 are un- 
reliable because the species were not properly distin- 

Adult male 219 mm, Pleasant L. (Walworth Co.), 26 Mar. 1974 guished until then (see Hubbs 1930b). Two forms are 
recognized: the eastern lake chubsucker, Erimyzon 

DESCRIPTION sucetta sucetta (Lacepéde), which occurs east of the 

Body moderately deep, slightly compressed; tapered Allegheny Mountains from New York to Florida; and 

at both ends. Average length 188 mm (7.4 in). TL = the western lake chubsucker, Erimyzon sucetta kenner- 
1.22 SL. Depth into SL less than 3.3, usually 2.9-3.1. lii (Girard), which occurs west of the Allegheny 
Head into SL 3.5—4.1. Snout tapered to a blunt point. Mountains from the lower Great Lakes above Ni- 
Mouth subterminal, slightly oblique; lips plicate, agara Falls to Texas, including Wisconsin. The west- 
halves of lower lip forming an acute angle. Pharyn- ern form usually has 11 dorsal rays and 36-38 lateral 
geal teeth short and fragile, 80 or more per arch, with series scales; the eastern form usually has 12 dorsal 

a sharp cusp on anterior edge of crown; arch weak, rays and 35-36 lateral series scales. 

symphysis moderately long. Dorsal fin convex, dor- 
sal fin base into SL 5.2; dorsal fin rays 11-12 (10-13); DISTRIBUTION, STATUS, AND HABITAT 
anal fin rays usually 7; pelvic fin rays usually 9. Lat- In Wisconsin, the lake chubsucker occurs in the Mis- 
eral series scales 35-37 (33-40); lateral line absent. sissippi River and Lake Michigan drainage basins. In 
Scales square in appearance, with both dorsal and the former, it is confined mainly to the lower Wiscon- 
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Pharyngeal arches of the lake chubsucker, front view Pharyngeal arches of the lake chubsucker, back view
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sin River and its tributaries and the upper Rock River counties. On file with the same study are a number 
and Illinois-Fox River watersheds. This species reaches of state and private reports from the Rock, Illinois- 
its northern limit of distribution in the Wolf River Fox, and Fox-Wolf river systems. Other reports of lake 
system of the Lake Michigan basin. chubsuckers include: Moshawquit Lake (Menominee 

In Wisconsin, the lake chubsucker appears to have County) and Pine Lake (Shawano County) 
spread northward, particularly in the Lake Michigan (T. McKnight, pers. comm.); Auroraville Pond (Wau- 
drainage basin, since Greene (1935) made his survey shara County) (V. Hacker, pers. comm.); Lake Win- 
in the late 1920s. nebago (Priegel 1967a); and Silver Creek (Manitowoc 

Specimens examined: UWSP 109 (1) Indian Creek County) (M. Johnson, pers. comm.). 
at Hwy 60 (Richland County), 1962; UWSP 110 (1) The lake chubsucker has disappeared or decreased 

Wisconsin River slough east of Big Green River (Grant over much of its range. It is extirpated in Iowa (Har- 
County), 1962; UWSP 126 (1) Pewaukee Lake (Wau- lan and Speaker 1956, Roosa 1977), and has de- 
kesha County), 1960; UWSP 2824 (1) Tripp Lake creased in Illinois (P. W. Smith 1979), Missouri (Pflie- 
(Walworth County), 1968; UWSP 4020 (1) Wisconsin ger 1975), and Ohio (Trautman 1957). It is seldom 
River T8N RSE Sec 9 (lowa County), 1969; UWSP 4605 abundant, and it is often disjunct in its distribution. 
(4) Pleasant Lake (Walworth County), 1974; UWSP In Wisconsin seldom are more than one or two lake 

5484 (4) Oconomowoc River T8N R17E Sec 34 (Wau- chubsuckers collected at a site, even in those areas 

kesha County), 1976; and UWSP 5656 (1) White Clay where known populations exist. In the lower half of 
Lake (Shawano County), 1967. Wisconsin, the lake chubsucker is rare to uncommon 

The Wisconsin Fish Distribution Study made 25 locally in the larger rivers and the lower portions of 
collections of lake chubsucker from 1974 to 1978 in their tributaries. It is occasional in lakes from the Wolf 
Waukesha, Walworth, Jefferson, and Fond du Lac River watershed, and has been reported as abundant
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in the Auroraville Pond (Waushara County) (V. of 0.50 mm per day during a 30-day period early in 
Hacker, pers. comm.). It appears to be most secure the first summer of life (Hubbs 1921). In the lower 
in the lakes and streams of the extreme southeastern Wisconsin River, young-of-year were 32 mm on 13 

corner of Wisconsin. In Waukesha County, this spe- July, and 63 mm on 2 November. They are frequently 
cies was captured in 7 of 40 lakes sampled (Poff and found in weedy areas. Small chubsuckers, 30-42 
Threinen 1963). The lake chubsucker has recently been mm, fed on copepods, cladocerans, and chironomids 

given watch status (Wis. Dep. Nat. Resour. Endan- (Ewers and Boesel 1935). 
gered Species Com. 1975, Les 1979). In Pleasant Lake (Walworth County), lake chub- 

The lake chubsucker characteristically occurs in suckers showed the following growth at the annuli: 
lakes, oxbow lakes, and sloughs of large rivers and 1—64 mm; 2—147 mm; 3—208 mm; 4—221 mm; 5— 

quiet streams. In Wisconsin, it was encountered most 247 mm; and 6—269 mm. The largest fish, a 273-mm, 

frequently in clear water at depths of 0.1-0.5 m, over 337-g female, was 6 years old. A 223-mm, age-III lake 
substrates of gravel (30% frequency), rubble (20%), chubsucker from Pewaukee Lake (Waukesha County) 
sand (20%), boulders (10%), mud (10%), and silt exhibited a growth rate similar to the chubsuckers 

(10%). It occurred in streams 3.0-24.0 m wide. It is from Pleasant Lake. Three age-II chubsuckers, 99-120 
frequently associated with dense vegetation over bot- mm TL, from Scuppernong Creek (Washington 
toms composed of sand or silt mixed with organic de- County) averaged 46 and 105 mm at the first and sec- 

bris. ond annuli. 
The maximum known size of a lake chubsucker is 

a 387-mm, 907-g (15.2-in, 2.0-lb) fish taken in Silver 
BIOLOGY Springs, Florida (Carlander 1969). 

In Wisconsin, lake chubsucker spawning begins in late Lake chubsuckers generally grow rapidly during the 
March and probably occurs in some waters until early first 3 or 4 summers of life, after which the growth 
July. rate drops quickly. Both sexes reach maturity at age 

During spawning the eggs are scattered at random III (Cooper 1936). 
with no apparent prior preparation of the spawning The lake chubsucker is a bottom feeder which in- 
site. In Michigan forage fish ponds, lake chubsuckers gests diatoms, algae, mollusks (Sphaerium, Physa and 
scattered their eggs abundantly over both large and Planorbis), insect larvae, and occasionally adult in- 
small beds of Amblystegium riparium, among masses sects. Vegetable matter may make up about 70% of 
of filamentous algae, and in dead grass stubble on the diet (Cahn 1927). In Florida (Shireman et al. 

submerged pieces of sod (Cooper 1936). The spawn- 1978), lake chubsuckers 83-103 mm long fed pri- 
ing season, somewhat modified by the method of marily on filamentous algae (100% occurrence), cla- 
handling the breeders, lasted about 2 weeks in each docerans (25% occurrence), and chironomid larvae 
pond. Underhill (1941) noted movement of lake (25% occurrence); copepods were of lesser impor- 
chubsuckers along the shores of a pond before and tance (13% occurrence). Chubsuckers, 127-152 mm 
during spawning. long, fed primarily on copepods (50% occurrence) 

A prespawning female, 273 mm long and weighing and algae (25% occurrence); cladocera, ostracods, 
337 g, collected 26 March from Pleasant Lake (Wal- and chironomid larvae (13% occurrence) were eaten 
worth County), had ovaries 3.6% of body weight, with equal frequency. 
and held an estimated 15,055 maturing eggs 0.75-1.0 Lake chubsuckers are tolerant of environmental 
mm diam; an egg size class of 0.3-0.7 mm diam was stresses. Gerking (1945) noted that, in the Kankakee 

more numerous. Both egg size classes were yellow- River region of Indiana, this species was present in 
white, with a few of the largest eggs yellow-orange Beaver Lake before the area was ditched and the lake 
in color. eliminated; the lake chubsucker persists, however, in 

In Michigan, the number of eggs deposited by lake Beaver Lake Ditch. 
chubsuckers varied from 3,000 to 20,000 (Cooper The lake chubsucker can tolerate low oxygen 
1936). At water temperatures of 22.5-29.5°C (72.5- thresholds in winterkill lakes (Cooper and Washburn 
85.1°F), eggs hatched into 5-6 mm fry in 6-7 days. 1949). In Michigan lakes, its toleration level of ap- 
Detailed chemical analyses which were made of de- proximately 0.4—0.3 ppm was similar to that of the 
veloping lake chubsucker embryos (Shaklee et al. 1974) yellow perch, grass pickerel, pumpkinseed, and 

were correlated with the structural stages described northern pike; this was lower than the level of about 
for the white sucker by Long and Ballard (1976). 0.6 ppm tolerated by largemouth bass and bluegills. 

Young lake chubsuckers have an estimated growth The lake chubsucker has been collected from White
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Clay Lake (Shawano County) along with the pug- it is occasionally taken in large numbers by commer- 

nose shiner, brown bullhead, largemouth bass, rock cial fishermen (Smith-Vaniz 1967). 

bass, yellow perch, Iowa darter, and johnny darter. Fingerling lake chubsuckers seem ideally suited for 

use as bait minnows, since they have round cylindri- 

IMPORTANCE AND MANAGEMENT cal bodies, soft fins, and a golden color; they are also 

The lake chubsucker is a valuable forage fish for hardy and can withstand the stress of handling. The 

predators, and largemouth bass feed readily upon production of lake chubsuckers for bait is possible in 

the fry. Bennett and Childers (1966) observed (p. 89): heated ponds at Wisconsin’s latitude. 
Bennett and Childers (1966) have proposed that 

. .. It apparently fills a niche not occupied by any of the the lake chubsucker be stocked as forage fish in arti- 
predatory or semipredatory sport fishes, and its presence ficial ponds, quarry pits, and small lakes, if the own- 

broadens the food web for basses (Centrarchidae) where ers are interested in bass fishing. 

these are dependent on crayfish, aquatic insects, and their The lake chubsucker is. capable of maintaining a 

own young for food. Moreover, the lake chubsucker is so . 2 P & 

retiring and unobtrusive that it is seldom seen except dur- sizeable population, but seldom produces ath, OVEE- 
ing the height of the spring spawning season. This is a population. In Ridge Lake, Illinois, there were an es- 

clear-water species, and its feeding does not roil the bottom timated 468 chubsuckers per hectare (187/acre). From 

and thereby increase the turbidity of the water. Florida to Wisconsin, standing crops of the lake 
chubsucker averaged 24.3 kg/ha (21.7 Ib/acre), and 

The lake chubsucker is of little or no importance to ranged from 0.7 to 80.7 kg/ha (0.6 to 72.0 Ib/acre) 

the angler because of its scarcity in most waters and (Carlander 1955). A recent study in Florida produced 

its small size. It can be taken on a small hook. How- a mean biomass estimate of 514 kg/ha (458 Ib/acre) 

ever, its flesh is bony and without flavor. In Alabama, (Shireman et al. 1978).
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Creek Chubsucker sent. Scales square in appearance, with both dorsal 
and ventral edges straight and parallel to one an- 
other; similar scale structure in Erimyzon sucetta. 

Erimyzon oblongus (Mitchill). Erimyzon—sucker; oblon- Back olive brown; sides lighter and more yellow; 

gus—oblong. belly yellow to white. The scales prominently dark 
Other common names: chubsucker, sweet sucker. edged. Dorsal and caudal fins olive or slate colored; 

lower fins yellowish white. In young, a series of 5-8 
blotches along sides, with a saddle band directly 
above each; adults with lateral stripe or lateral 

blotches more or less confluent. Young with amber 
a we B caudal fin; dorsal fin with brown chromatophores in 

Pe liek as ga interradial membranes between first and third rays, 
Sa “a ; ; = thinly scattered chromatophores on distal portions of 

os remaining membranes. Breeding males with 3 large 
tubercles on each side of snout. 

Immature 84 mm, Little Cr. (Grant Parish), Louisiana, 14 Sept. = ra 

1969 PES 

DESCRIPTION S24 = 
Body elongate, slightly compressed. Length 114-178 NS Se 

came 2D to Th Depth a Breeding male with three tubercles on side of snout; anal fin 

oo, wnaedy mice = oa a aus EE meee sickle shaped (from The Fishes of Ohio, by Milton B. Trautman 
Snout well rounded, in ventral view barely extend- ——_[columbus, Ohio: Ohio State University Press, 1957, 280]) 
ing beyond tip of upper lip. Mouth subterminal, 
slightly oblique; lips plicate but papillose at corners, Sexual dimorphism: Male with anal fin sickle 
halves of lower lip forming an acute angle. Pharyn- shaped; female with anal fin lobed or shallowly in- 
geal teeth narrow, fragile, about 68 per arch, with an dented on free edge. 
elongate, sharp cusp on anterior edge of crown of each 

tooth; arch weak, symphysis short. Dorsal fin base SYSTEMATIC NOTES 
into SL 5.3-5.8; dorsal fin convex, with 9-10 (8-11) Literature records for Erimyzon prior to 1930 are un- 
rays; anal fin rays usually 7; pelvic fin rays usually 9. reliable because the species were not properly distin- 

Lateral series scales 39-41 (37-45); lateral line ab- guished until then (see Hubbs 1930b). Three subspe- 
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Pharyngeal arches of the creek chubsucker, front view Pharyngeal arches of the creek chubsucker, back view
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cies for Erimyzon oblongus are recognized: the eastern east of Bristol (Kenosha County). Another collection 
creek chubsucker, E. 0. oblongus, which occurs in the of two specimens (UWMZ 623), collected 27 June 1906 
Atlantic drainage from New England at least to Vir- by George Wagner, is from a creek 3.2 km (2 mi) 
ginia, including the Lake Ontario basin; E. 0. connec- northeast of Salem (Kenosha County). 
tens, which occurs in the Altamaha River system, Environmental effects adverse to the creek chub- 
Georgia; and the western creek chubsucker, E. o. sucker have been reported. In Illinois, P. W. Smith 
claviformis, which occurs west of the Allegheny (1971) noted that the dessication of stream systems 
Mountains from the lower Great Lakes above Niag- during droughts has been particularly devastating to 
ara Falls to Oklahoma and Alabama, including Wis- headwater and creek species like the creek chub- 
consin. The last subspecies is characterized by a small sucker. In Ohio, Trautman (1957) found many dead 
dorsal fin, usually with only 10 rays, and a very small chubsuckers in a stream choked with clayey silt; the 
size—usually less than 25 cm (10 in). silt had been washed into the stream from recently 

cultivated cornfields during a brief summer shower 
DISTRIBUTION, STATUS, AND HABITAT and packed about the gills of the chubsuckers, suffo- 
In Wisconsin, the creek chubsucker occurred in the cating them. 
extreme southeastern corner of the Lake Michigan In Wisconsin, the creek chubsucker is considered 
drainage basin, in Kenosha County. Two records are extirpated (Wis. Dep. Nat. Resour. Endangered Spe- 
provided by Greene (1935)—one from the Des Plaines cies Com. 1975, Les 1979). It probably reached the 
River, and another from a tributary. I have examined northern limit of its range in the Des Plaines River, 
the former (UMMZ 78465), which consists of eight and the deterioration of the watershed there may 
specimens taken by Schultz and Tarzwell on 28 Au- have eliminated the remnant population by the mid- 
gust 1928 from the Des Plaines River 3.2 km (2 mi) 20th century.
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Where the creek chubsucker was captured, the Des mm long, and may attain a maximum of about 236 
Plaines River is 5-8 m (15-25 ft) wide. According to mm (9.3 in) (Pflieger 1975). In Ohio (Trautman 1957), 

Pflieger (1975), this species is an inhabitant of clear, the smallest breeding males with tubercles and bifur- 
quiet waters with thick growths of submergent vege- cate anal fins were only 61 mm (2.4 in) long. 
tation, and bottoms composed of sand or silt mixed By comparison, the growth of the eastern creek 
with organic debris. It commonly occurs in the chubsucker is substantially greater. In Black Moshan- 
deeper and more sluggish pools of small creeks, but non Lake, Pennsylvania, age-I fish were 71-132 mm 
it is more often found in protected inlets and over- TL. Males age II were 244 mm TL (212 g); II—305 
flow pools. The creek chubsucker is more character- mm (410 g); IV—323 mm (487 g); and V—353 mm 
istic of small creeks than of rivers. The eastern sub- (600 g); females age II were 246 mm (219 g); III—277 
species also occurs in sizeable impoundments and in mm (309 g); IV—320 mm (465 g); V—330 mm (511 g); 
lakes. VI—358 mm (675 g); and VII—376 mm (750 g). No 

males were found older than age V. In most age 
BIOLOGY groups in which sample sizes were moderately large, 
Spawning occurs from early spring to early June. In males appeared to grow faster than females. 
the East, where spawning has been observed, creek In Virginia, the food of creek chubsuckers con- 
chubsuckers move upstream in large numbers, and sisted of Entomostraca, rotifers, small insects, and 
spawn throughout the day and night in riffles or at algae (Flemer and Woolcott 1966). Pflieger (1975) 
the outlets of lakes (Whitworth et al. 1968, Everhart suggested that the terminal mouth of this species may 
1958). Although the eggs are generally scattered at indicate that it feeds less on the bottom than many 
random with no apparent prior preparation of the suckers. 
spawning site, spawning may occur over a prepared After spawning, or in the early summer, adult 
substrate. In Illinois, Hankinson (1920) observed two creek chubsuckers migrate downstream into the 

tuberculate males pulling at the stones of a gravelly larger creeks, where they remain throughout the fall 
shoal; later these two individuals were seen flanking and winter. 
one of the several smaller associate chubsuckers which 
Hankinson considered females. The behavior he wit- 
nessed was very similar to the spawning act of the IMPORTANCE AND MANAGEMENT 
white sucker (see p. 684). In New York, the creek chubsucker is, next to the 

In Black Moshannon Lake, Pennsylvania (Wagner golden shiner, probably the most important forage 
and Cooper 1963), egg production for the population fish of the smaller lakes; it is also a frequent associate 
as a whole averaged about 9,000 eggs per adult fish; of pickerel, perch, and largemouth bass (Greeley 
for the largest females (381 mm) it averaged 29,000. 1936). In New Hampshire, it is used as a forage fish 
In North Carolina, the number of eggs per female by such game species as large and smallmouth bass 
ranged from 8,694 to 72,360 in females 111-970 g and chain pickerel (Scarola 1973). 
(Carnes 1958). In the south, where the creek chubsucker bites 

The ripe eggs are spherical, 1.84 mm diam. Incu- readily on small hooks, it gives children and other 
bation at about 20°C (68°F) requires 96 hours (Man- pole fishermen considerable sport (Cook 1959). The 
sueti and Hardy 1967), and the early embryonic creek chubsucker may be used as bait in lieu of large 
stages, yolk-sac larvae, larvae, and juveniles are illus- minnows (Luce 1933). The flesh, however, is bony 
trated and detailed by Mansueti and Hardy. Upon and considered flavorless. 
hatching, the young are 4.8 mm TL. Young creek The creek chubsucker occurs for the most part at 
chubsuckers remain in small schools over vegetation low population levels. Black Moshannon Lake in cen- 
along lake shores, or in quiet pools of small streams. tral Pennsylvania held an estimated population of 

Seven young-of-year creek chubsuckers from the about 20 breeding adults per hectare (8/acre) (Wagner 
Des Plaines River (Kenosha County), taken 28 Au- and Cooper 1963). Although a high annual mortality 
gust, averaged 45 (39-53) mm TL. An age-II fish from rate was observed in the population, Wagner and 
the same collection was 100 mm TL. Cooper considered such a mortality rate to be an ad- 

The average standard lengths (weights) of western vantage to the management of lakes producing 
creek chubsuckers collected in August from south- predatory game fishes, since a small population of 
ern Illinois (Lewis and Elder 1953) were: I—85 mm adult chubsuckers is sufficient to produce a large 
(14 g); and II—122 mm (40 g). Their calculated stan- number of small forage fish without using a major 
dard lengths at the annuli were: 1—40 mm, and 2— part of the fish food production of the lake to main- 
86 mm. In Missouri, adults are commonly 114-178 tain the adult suckers.



Black Redhorse 653 

Black Redhorse definitive cusp at anterior edge; arch moderately 
strong, symphysis short. Dorsal fin slightly sickle- 
shaped or moderately concave, rarely straight; dor- 

Moxostoma duquesnei (Lesueur). Moxostoma—sucking sal fin base into SL 4.4-5.4, length of base about three- 

mouth; duquesnei—after Fort Duquesne (now fourths the distance from back of head to dorsal fin 
Pittsburgh), Pennsylvania, the type locality. base; dorsal fin rays 12-14; anal fin rays 7; pelvic fin 

Other common names: blackhorse, black mullet, rays usually 10 (8-11), but almost invariably 1 or both 
finescale mullet, finescale redhorse, white sucker, pelvic fins have 10 rays. Postweberian vertebral 
blue sucker. numbers 40—41 (39-43). Lateral line scales 44—47 (43- 

51); lateral line complete. Scales around caudal pe- 

duncle 12. Chromosomes 2n = 96-100 (Uyeno and 
Smith 1972). 

y Back dark olive green; sides golden to brassy; belly 
x : whitish. Caudal and dorsal fins slate colored, al- 

SPY Kee ee eee rr though pale red in larger juveniles and adults in 

= as some drainages; lower fins typically orange hued or 

— ———— reddish orange, most intense in anterior rays. Scales 

without dark spots at their anterior exposed bases. 
Breeding male with minute tubercles over all sur- 

230 mm, Spring R. (Sharp Co.), Arkansas, 1 June 1977 faces of head; tubercles on most body scales and on 
all caudal fin rays, with largest tubercles on lower 
lobe. Anal fin rays tuberculate except on outer third 

DESCRIPTION to fifth of rays; minute tubercles generally present on 
Body slender and elongate, almost round in cross anterior rays of paired fins and dorsal fin. Breeding 
section; ventral aspect straight, slightly curved cau- males with light pinkish midlateral stripe from oper- 
dally. Adult length about 250 mm (10 in). TL = 1.27 culum to base of caudal fin. Genital papilla swollen, 
SL. Depth into SL 3.9-4.8. Head into SL 4.1-4.8. opaque white in male; translucent, with small red- 
Snout rounded and swollen, overhanging mouth dish tip, in female. Breeding female with minute tu- 
ventrally (almost concealing upper lip). Mouth ven- bercles on head and most of body; tubercles absent 
tral and horizontal; lips plicate, occasionally slightly on fins. Breeding female shows no change in color. 
wrinkled, papillae absent; lower lip much broader Sexual dimorphism: In male, the lengths of the de- 
than upper, with posterior edge in straight line or at pressed dorsal fin, the dorsal fin base, the pelvic fin, 
a broad angle (100-170°). Pharyngeal teeth narrow, and the anal fin are significantly longer than in fe- 

fragile, about 65 per arch; crown of tooth with single, male (Phillips and Underhill 1971). 
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Pharyngeal arches of the black redhorse, front view Pharyngeal arches of the black redhorse, back view



654 Sucker Family—Catostomidae 

pe ea bs eee) 
: ine 22° 7 ego owe ‘ 

| ye Sse 2 of Wee ni3 
we y eo i | | \ Le" as ry Porch . Le / 1 | ye” Vt 

Sie ay ATE | Te | Lo es 
| lee eS eae A | * y t NA Nt 2 

VL DA ISLS OL ea "| \ [ey Ni Aw 
| ELT Ce Fi gg ra Cee | EERE I SOT RM eB | “ve Nga 
| Neth aa Fo eee he, # RIES ES BR {preg 
CRESS nae COP fi Souls WRG Ss 5 NEA 

5 at AY ep WN oh BPS fy eo 4 aoe es ss ) 
AIR AG ie} BOLL IGS YY jie woe, 

LS aye Welle vp K \ OV eat > fh We 
AS SLY BATT ASSEN SIN CA 09 Cs (Mey pk ] Ne LOAN LAS VUE LATS N LE ms = oe 

TR rt Cay WAS SASF Ay | EE? 
NEE AGEMENT WEN REE BIE | | SRE EEE INS SREP Ed S| SS IC AED AY VEE ABUSER OP? si 

© DES RAS SEY SBT 7 AES | Mie ea aS si : 
| pe Gk AVAL oy 

YERKES ESS S a * | | 
cseconse POL? Vi sh or “4 oe AU SOHO) Steen | 

Fe oS Oe sf ION) | | 
Ye STE a Ss | 

= ae een Sev VA \ Way eo Se mI | ‘ | 
een PSE STR Ope KS RE Kt sy 

$j ALLA Bao Y Oa eo 
| (VELEN eer | (Ra SOS SAB ey | ol we R& ee (SS SSA IN Range of the black redhorse 

Kr Np Hf rin Se TN OL! i 

Ltinosonednwmt | YONI RANS\ | 8 Gentry em 
DISTRIBUTION, STATUS, AND HABITAT stricted sector of suitable water in southern Wiscon- 
The inclusion of the black redhorse in the fish fauna sin which has been overlooked. 
of Wisconsin is based on two specimens: UMMZ The narrow spawning requirements of the black 
47641, from Black Earth Creek, 1.6 km southeast of redhorse, which include a proper substrate, water 
Mazomanie (Dane County), collected by Scholz and flow, and stream size, may have contributed to its 
Tarzwell 7 August 1928; and USNM 20272, from the disappearance in Wisconsin. 
Root River, probably near Milwaukee or Racine in the The black redhorse inhabits the swiftly flowing 
Lake Michigan drainage basin, collected by S. F. sections of small- to medium-sized streams. It is 
Baird during the mid-1800s. found in clear water over gravel, bedrock, and sand 

In Minnesota, the black redhorse has been given where siltation is at a minimum. According to Jen- 
changing or uncertain status (J. B. Moyle 1975). It is kins (1970), it is generally absent from small head- 
endangered in Iowa (Roosa 1977), and possibly extir- water tributaries averaging less than 3 m (10 ft) in 
pated in Canada (Scott and Crossman 1973). width, and it is the redhorse most restricted to higher 

The black redhorse was probably eliminated early gradients and smaller streams. The Black Earth Creek 
from the Root River in southeastern Wisconsin. In specimen was collected where the stream was about 
Black Earth Creek, the placement of the impound- 18 m (60 ft) wide, and ran swiftly over gravel and 
ment at Mazomanie was probably responsible for its rubble (Greene 1935). 
disappearance there. Today it is considered extir- In Missouri, streams with average annual dis- 
pated in Wisconsin (Wis. Dep. Nat. Resour. Endan- charges of 14-17 m’/sec (500-600 cfs) yielded larger 
gered Species Com. 1975, Les 1979), although a faint proportions of black redhorse than streams having 
possibility exists that it may still occur in some re- greater volumes of flow (Bowman 1970); at lesser
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flow volumes, limited observation has shown that returns to the deeper water of the upstream pool, 
there is a decrease in black redhorse densities. and the males return to the center of their respective 

territories. 
BIOLOGY Young-of-year black redhorses are most commonly 
Unless otherwise designated, the following informa- observed among beds of water willow (Justicia amer- 
tion on the black redhorse is derived from Bowman icana) in relatively quiet pools. The young occur in 
(1970), whose studies were based on research in the schools, and feed near emergent aquatic vegetation. 
Niangua and Big Piney rivers in Missouri. The food of the young, 65 mm or less, is principally 

Adult black redhorses begin moving to spawning phytoplankton. In the population studied, fry were 
areas in March or early April from the deeper holes not observed leaving spawning areas, but they were 
of rivers; they move both upstream and downstream subsequently found immediately upstream from 
to reach spawning riffles. At least 30 tagged individu- spawning shoals. In Ohio (Trautman 1957), young- 
als were observed to have moved upstream a dis- of-year in October were 51-89 mm (2.0-3.5 in) long. 
tance of 9.7 km (6 mi) to a spawning riffle, passing The Wisconsin black redhorse specimen from Black 
approximately 20 shoal areas to reach a spawning Earth Creek (Dane County) is 291 mm SL, an esti- 
shoal. Adults do not “home” to any particular mated 370 mm TL; and 7 years old. Its lengths calcu- 
spawning shoal. lated to the annuli were: 1—42 mm; 2—145 mm; 3— 
Spawning occurs during the latter part of April, at 230 mm; 4—273 mm; 5—299 mm; 6—336 mm; and 

water temperatures of 13.3-22.2°C (56-72°F). During 7—360 mm. Two individuals from the North Fork of 

spawning the black redhorse is highly select about the Apple River (Jo Daviess County), Illinois, which 
the water depth and the bottom substrate of the is a few kilometers south of the Wisconsin line, were 
spawning site; few of the many shoals observed were 3 years old and an estimated 54 mm, 128 mm, and 
used intensively for spawning. The chief require- 207 mm at the annuli. The growth of the black red- 
ments are a water depth of 0.2-0.6 m (0.5-2.0 ft), horse during the first year of life in northern streams 

and a substrate composed of approximately 70% fine is extremely slow; however, in subsequent years 
rubble, 10% coarse rubble, and 20% sand and gravel. growth is more rapid and similar to that reported by 

Well-developed tubercles on mature males appear Purkett (1958b) for Missouri populations of this spe- 
at least 17 days before spawning, and regress com- cies: 1—89 mm; 2—165 mm; 3—236 mm; 4—279 mm; 
pletely within 2 weeks after spawning. Spawning ac- 5—307 mm; and 6—325 mm. 
tivities occur over a 4-day period, and are continu- The age at which black redhorses reach maturity is 
ous from dawn to dark; they may also occur variable. In Missouri, Bowman (1970) found no sex- 
throughout the night. ually mature fish younger than age II, and found 

To defend a territory, which averages 0.5 m (1.5 ft) some fish in age groups IV and V which were still not 
in diameter, the male black redhorse swims toward sexually mature. Males tend to mature at smaller 
intruding males of the same species with extended sizes than females. 
dorsal, pectoral, and pelvic fins; the intruder imme- Adult black redhorses 254-406 mm (10-16 in) long 

diately moves away. No body contact has been ob- usually weigh 170-696 g (6.0-24.5 oz). Although this 
served between males in territorial defense. Infre- species is the smallest of the redhorses, an unusually 
quent jumping, consisting of a roll to the surface large individual, 658 mm and 3.18 kg (25.9 in and 7 
followed by a return to their territories, has been Ib), was taken from the Eleven Point River in Mis- 
noted among territorial males. souri (Pflieger 1975). 

Females remain in a pool immediately upstream Black redhorses longer than 65 mm consume 
from the spawning shoal. Prior to spawning they mostly aquatic insects—primarily Diptera, some 
drift with the current, tail first, into the spawning Ephemeroptera, and smaller amounts of Cladocera, 

area. At that time two territorial males position them- Copepoda, and Nemathelminthes (Bowman 1970). 

selves on each side of the female. In the spawning Dipterans were the most important single food item 
act, the males clasp the posterior half of the female’s taken by adult black redhorses collected from March 
body between the posterior halves of theirs and vi- through October in Missouri. Analysis of 775 stom- 
brate their caudal halves rapidly. During this period, achs disclosed no fish eggs. 
which averages 3.4 seconds, the eggs are shed and Black redhorses feed in the early evening. Mature 
fertilized. At the completion of spawning, the trio is fish generally feed in schools of 15-20 fish immedi- 
in a tails-down position. After spawning, the female ately above or below a riffle. They have been ob-
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served moving slowly over the substrate of streams, showed that the black redhorse did not compete di- 
sucking in bottom material, and expelling silt and rectly with smallmouth bass fingerlings. The bass 
waste, which leaves behind a trail of “drift.” Not all consumed principally Hemiptera, mollusks, and small 
bottom materials are separated from food items; most fishes (Bowman 1970). 
of the stomachs examined contained numerous fine In Missouri, black redhorses may be caught on small 
grains of sand. worms and other live bait, but most are taken by gig- 

In the summer, the black redhorse prefers pools, ging (spearing), snagging, or snaring. In the clear 
where it remains in loose aggregations. In October streams of the Ozarks, most redhorses are taken by 
and November it moves into deeper wintering holes. spearing (Pflieger 1975). Snagging and snaring are 
Even heavy spear fishing pressure does not drive the most successful during the spring spawning season, 
fish from these holes. when large numbers of fish concentrate in shallow 

water. 

IMPORTANCE AND MANAGEMENT The flesh of the black redhorse has a sweet, deli- 
The use of the black redhorse as forage by animal cate flavor which ranks with that of the finest food 
predators is not known. A comparison of food of the fishes. When scored and fried in deep fat, the nu- 

black redhorse with that of the smallmouth bass merous small bones disappear.
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Golden Redhorse A ” 

Moxostoma erythrurum (Rafinesque). Moxostoma— ; 
sucking mouth; erythrurum—red tailed (a mis- . 
nomer, since the tail of adult is slate colored). : 

Other common names: golden mullet, smallheaded 4 = 7 

mullet, golden sucker, white sucker. ; Z A 
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Male (tuberculate) 323 mm, Yellow R. (Wood Co.), 25 May 1967 
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DESCRIPTION ae 

Body slender to stout, moderately compressed; ven- 

tral aspect curved. Adult length about 280 mm (11 
in). TL = 1.27 SL. Depth into SL 3.4—4.4. Head into 

SL 3.9-4.3. Snout bluntly pointed to rounded, but 
not overhanging mouth. Mouth large, ventral, and Pharyngeal arches of the golden redhorse. A. Front view. B. Back 

horizontal; lips coarsely plicate, papillae absent; lower view. 
lip slightly broader than upper lip, posterior edge ish; belly whitish. Three diffuse, dusky saddle bands 
forming a broad angle (90-130°). Pharyngeal teeth in young-of-year and age-I fish. Caudal and dorsal 
narrow, fragile, 53-63 per arch; crown of each tooth fins slate colored in life (caudal fin pale reddish in 
with a single definitive cusp at anterior edge; arch small specimens); lower fins yellowish orange to red- 
moderately strong, symphysis short. Dorsal fin dish in adults, with free edges whitish. Scales with- 
slightly falcate or moderately concave, infrequently out dark spots at their anterior exposed bases. Scales 
straight in adult; dorsal fin base into SL 5.3-5.6, length in anterior dorsolateral area with distinctly dark mar- 
of base about two-thirds the distance from back of gins, except in breeding males. 
head to dorsal fin base; dorsal fin rays 13 (10-15); anal Breeding male with large, sharp tubercles (1-2 mm 
fin rays 7; pelvic fin rays 9. Postweberian vertebral at base) on snout to anterior eye and anterior cheek; 
numbers 37-38 (35-39). Lateral line scales 40-42 (37— minute tubercles on upper surface of head. Scales of 
45); lateral line complete. Scales around caudal pe- breast and sides scattered or margined with minute 
duncle 12 (11-14). Chromosomes 2n = 96-100 (Uyeno tubercles. Anal and caudal fin rays strongly tubercu- 
and Smith 1972). late; occasionally distal portions of pectoral fin rays 

Back brassy to bright gold; sides bronze to yellow- with minute tubercles on both upper and lower sur-
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faces, Breeding female with slightly thickened anal trees, where aquatic vegetation is almost non- 
rays, and thickened epidermis over lower portion of existent. In Wisconsin, it was encountered most fre- 
caudal peduncle. quently in clear water at depths of 0.6-1.5 m, over 

Sexual dimorphism: The pelvic fin shape differs in substrates of sand (24% frequency), gravel (20%), 
males and females, as it does in the white sucker (see mud (14%), rubble (13%), boulders (12%), silt (9%), 
p. 684); the medial edge of the fin in females is not and clay (8%). It occurred in medium- to large-sized 
quite as rounded. rivers of the following widths: 1.0-3.0 m (4%), 

3.1-6.0 m (8%), 6.1-12.0 m (6%), 12.1-24.0 m (38%), 
DISTRIBUTION, STATUS, AND HABITAT 24.1-50.0 m (26%), and more than 50 m (18%). 
In Wisconsin the golden redhorse occurs in the Mis- 
sissippi River and Lake Michigan drainage basins. It BIOLOGY 
has not been reported from the Lake Superior water- In Wisconsin the golden redhorse spawns in May. 
shed. Males in breeding habit, 320 and 323 mm TL, were 

The golden redhorse is a common sucker in Wis- collected from the Yellow River (Wood County) on 25 
consin. Care must be exercised in fish toxification May. Active spawning occurred on 22 and 23 May on 
programs that this valuable resource is not elimi- the lower Plover River (Portage County), when num- 
nated. It is sensitive to most toxicants, and can be bers of fish were seen breaking the water in fast runs 
extirpated from a river system if precautions are not (smooth ripples). These runs were in water 0.3-1.0 
taken. m deep, over large gravel, on either side of an island. 

The golden redhorse inhabits streams and river Jumping and rolling activity was observed similar to 
reservoirs, but seldom occurs in lakes. It prefers that described for the black redhorse. The spawning 
pools in river bends with undercut banks and fallen site was located immediately downstream from the
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pool below McDill Dam. The river width at this point mm TL; they had the following calculated lengths at 
was about 45 m (150 ft). The golden redhorse nor- the annuli: 1—57.2 mm; 2—155.7 mm; 3—264.8 mm; 

mally spawns on riffles in the main stream; in Indi- 4—339.1 mm; 5—396.0 mm; 6—454.0 mm; and 7— 

ana, according to Gerking (1953), it ascends small 492.0 mm (Bur 1976). Their weights ranged from 28 g 
streams to spawn only if such streams are near its for age-I fish to 1,750 g for age-VII fish. 
home territory. No nest construction has been ob- In Wisconsin, the golden redhorse occasionally ex- 
served. ceeds 457 mm (18 in) TL and 1.1 kg (2 Ib 8 oz). In 

In Michigan, spawning occurred when the water Oklahoma it has been reported up to 625 mm (24.6 
temperature was 22.2°C (72°F) (Hankinson 1932). in) TL and 2.22 kg (4.9 Ib) (Carlander 1969). 

However, Meyer (1962) suggested that, based on go- The age at which the golden redhorse reaches ma- 
nadal development, spawning may occur when water turity is variable. In Jowa (Meyer 1962), males begin 
temperatures are slightly above 15.6°C (60°F). to mature at age III, and females at age IV. 

Male golden redhorses apparently congregate on The food of 20 golden redhorses from Pool 8 of the 
spawning grounds to defend home territories before Mississippi River consisted of Trichoptera (46.5% 
and during the spawning periods (Meyer 1962, Jen- volume), Tendipedidae (27.1%), Ephemeroptera 
kins 1970). Jenkins noted that, when territories are (13.6%), Sphaeriidae (3.4%), Copepoda (2.1%), and 
invaded, the large head tubercles are frequently used other items (7.4%) (Bur 1976). In the Plover River 
in frontal attacks, which commonly result in body (Portage County), 12 fish had eaten Diptera (75% oc- 
contact. currence), Ephemeroptera (58%), Trichoptera (58%), 

Spawning males tend to be as large as or larger Mollusca (67%), Coleoptera (17%), Hemiptera (8%), 
than females. During the spawning act two males are and algae (84%) (D. Gamble, pers. comm.). 

present—one on each side of the female (Jenkins, Algae constitutes at least a portion of the golden 
pers. comm.). Females remain nearby in pools, or in redhorse’s diet in some areas. In the Des Moines 
deep water along the shore; they enter the shallows River, filamentous algae made up 25% of the volume 
occupied by males only briefly to spawn. of the diet, and was the only plant material found in 

A partially spent golden redhorse female, 453 mm stomachs examined (Harrison 1950). 
and 1.15 kg, collected 22 May from the Plover River The golden redhorse is intolerant of both cold and 
(Portage County), had ovaries 15% of the body warm waters; it seeks out an intermediate temper- 
weight, which held 21,000 eggs 2.2-2.5 mm diam. ature range. In the Wabash River of Indiana, its opti- 
From the same collection, a male, 346 mm and 397 g, mum temperature range was 26-27.5°C (78.8-81.5°F) 

had testes 6.5% of its body weight. (Gammon 1973). Gammon concluded that it will 
In early August, young-of-year golden redhorses probably be permanently reduced in areas warmed 

from several sites in southern Wisconsin were 25-45 by thermal waters from electric generating plants. 
mm long. By mid-September, in central and northern The golden redhorse actively avoided hot and mixed 
Wisconsin, they were 22-79 mm long. Nine taken temperature zones below one power plant on the 
from the Waupaca River (Waupaca County) on 9 Sep- Wabash, and showed a tendency to concentrate in the 
tember averaged 73 mm TL; seven young taken from cooler water above the plant. The golden redhorse 
the South Fork of the Jump River (Price County) on and some other species with low temperature pref- 
20 September averaged 37 mm TL. In Ohio, young- erences apparently endure periods of thermal stress 
of-year were 64-114 mm long during October (Traut- for short periods during the summer in the natural, 
man 1957). unheated portions of the Wabash River. 

Six golden redhorses in age groups IV-VII, from According to Greene (1935), the golden redhorse 
Cary Pond in the Crystal River (Waupaca County), has a greater tolerance for silt and sand bottom 
were 339-424 mm TL; they had the following esti- streams than do the other species of redhorse. 
mated lengths at the annuli: 1—52 mm; 2—111 mm; The golden redhorse occurs in small, compact 
3—186 mm; 4—259 mm; 5—316 mm; 6—363 mm; schools. In Ohio (Trautman 1957), it ascends smaller 
and 7—392 mm. The annulus is placed by 18 June in streams in the spring, moves downstream during the 
age-I fish in the lower Wisconsin River and in the summer and fall, and winters in the larger streams. 

Plover and Waupaca rivers of central Wisconsin. In In Iowa, golden redhorses showed significant down- 

older fish, the annulus is placed later. stream movement during a low-water period (Meyer 
Thirty-seven golden redhorses in age groups I-VII, 1962). In Iowa the redhorse population tended to be 

from Pool 8 of the Mississippi River were 128-483 sedentary, rather than mobile, during the summer.



660 Sucker Family—Catostomidae 

Twenty-two golden redhorses were collected from anglers, but occasionally it is taken on worms and 
the Middle Branch of the Pecatonica River (Iowa other live baits. In the Ozark region, redhorses have 
County) along with the shorthead redhorse (10), sil- long been the object of a substantial spear fishery 
ver redhorse (2), northern hog sucker (5), white sucker (Cross 1967). Practiced at night from boats, the spear- 
(16), largescale stoneroller (1), central stoneroller (5), ing of these fish is an exciting sport demanding alert- 
hornyhead chub (2), bluntnose minnow (3), com- ness and skill. 
mon shiner (4), rosyface shiner (4), sand shiner (1), The flesh of the golden redhorse is sweet and tasty, 
stonecat (1), blackside darter (9), johnny darter although bony. It is the general consensus among, 
(4), fantail darter (2), smallmouth bass (5), and rock those who have sampled them that redhorses are ex- 
bass (2). cellent food fishes, and superior to many game fish 

in the flavor and the texture of the meat. The trouble- 
IMPORTANCE AND MANAGEMENT some bones can be avoided by scoring the meat, or 
According to Scott and Crossman (1973), young and by grinding it up to make fish patties. 
adult golden redhorses probably do not compete as A small number of the larger adult golden red- 
significantly as was once thought for food or space horses are taken in the commercial fishery from the 
with species more valued by man. Mississippi River. The golden redhorse contributes to 

The golden redhorse is occasionally used as bait for the “sucker and redhorse” catch, which in 1976 to- 
large game fish, which may explain why strays are talled 18,100 kg (39,903 Ib), and was valued at 
found in lakes where this species does not normally $1,795.63 (Fernholz and Crawley 1977). 
occur (e.g., Collins Lake, Portage County). The re- The potential of the golden redhorse as a food re- 
lease of bait fish from minnow buckets into natural source for man should be explored. It undoubtedly 
waters is illegal, but it is commonly practiced. can withstand greater exploitation than it is currently 

The golden redhorse is not especially important to sustaining.
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Silver Redhorse 
A ya 

Moxostoma anisurum (Rafinesque). Moxostoma—suck- 

ing mouth; anisurum—unequal tail, in reference , 

to the differences in the upper and lower lobes 
of the caudal fin. 

Other common names: silver mullet, whitenose red- ; 

horse, white sucker, bay mullet, redfin mullet, , 

longtailed sucker. 
eo 
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Immature 178 mm, South Branch of the Manitowoc R. (Manito- ‘ 
woc Co.), 14 Apr. 1974 2 % 
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Adult male 505 mm, junction of the Chippewa and Mississippi A om Fs ."s 

rivers (Buffalo Co.), 28 Sept. 1974 at | | ‘ 

DESCRIPTION Pharyngeal arches of the silver redhorse. A. Front view. B. Back 
Body stout, deep, and compressed, heavy forward; view. 

the back elevated, rather humped in old specimens; 
ventral line curved. Adult length about 300 mm (12 shorter than to about equal the distance from back of 
in). TL = 1.27 SL. Depth into SL 3.1-4.1. Head into head to dorsal fin base; dorsal fin rays 15 (14-17); 

SL 3.5-4.3. Snout blunt, slightly rounded to square anal fin rays 7; pelvic fin rays 9. Lateral line scales 
(truncate); snout does not overhang mouth. Mouth 41-42 (38-46); lateral line complete. Scales around 
ventral and horizontal; lips plicate, folds on lower lip caudal peduncle 12. 

surface partly or entirely dissected into fine, irregu- Silvery, with back darker and sides sometimes with 
larly shaped papillae; lower lip halves forming an faint yellow reflections; belly silvery white. Caudal 
angle of about 90°. Pharyngeal teeth about 80 per arch, and dorsal fins slate colored in life; lower fins white 
with teeth larger on lower portion of arch; most or light reddish, red in spawning season. Scale bases 
crowns of teeth with prominent cusp anteriorly; arch generally not darkened, but occasionally darkened in 
strong with large, honeycomb openings, the sym- large, old fish. 

physis much elongated. Dorsal fin slightly concave Breeding male with minute tubercles moderately 
to slightly convex, occasionally straight in young; to densely concentrated on upper head, more sparse 
dorsal fin base into SL 4.2-5.2, length of base slightly on ventral surface of head. Body with minute tuber-
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cules on all scales, averaging slightly larger on lower deepwater sampling equipment, such as a gill net or 
portion of caudal peduncle. Anal fin well tubercu- a boom shocker, is used. 
lated on all rays; other fins with minute tubercles on The silver redhorse is extremely sensitive to fish 
anterior rays, occasionally on all rays. Breeding fe- toxicants, and, where they are used, populations are 
male lightly tuberculate on head, lower caudal fin quickly eliminated. This occurred in 1971 in the Wau- 
and anal fin; lower caudal peduncle and anal area paca River (Waupaca County) when antimycin was 
with moderately to rather thickened skin. applied during a stream rehabilitation program insti- 

gated by the Wisconsin Department of Natural Re- 
DISTRIBUTION, STATUS, AND HABITAT sources. Prior to treatment, this species had been 
In Wisconsin, the silver redhorse occurs in the Mis- abundant in the reservoir at Weyauwega (Waupaca 
sissippi River, Lake Michigan, and Lake Superior County) and in the Waupaca River between Weyau- 
drainage basins. It is most widely distributed in the wega and its mouth (Becker 1976). 
larger river systems of the western half of the state. In Wisconsin, the silver redhorse was encountered 
It is also present in the shoal waters of Lakes Michi- most frequently at depths of 0.6 m or more over sub- 
gan and Superior. strates of gravel (24% frequency), sand (18%), mud 

The silver redhorse is uncommon to common in (14%), clay (14%), rubble (14%), boulders (10%), and 
most of the Wisconsin waters where it is found. It silt (7%). It occurred in large-river reservoirs and in 
has been considered rare at the barriers in the larger streams of the following widths: 1.0-3.0 m (3%); 
deep and sluggish river tributaries to Lake Superior 3.1-6.0 m (16%); 6.1-12.0 m (9%); 12.1-24.0 m (31%); 
(McLain et al. 1965). Its distribution may be more 24.1-50.0 m (34%); and more than 50 m (6%). It 
general than is indicated by the collection records, avoids streams with high gradients and with exces- 
because its habits make it difficult to capture unless sive turbidity.
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BIOLOGY Eighteen silver redhorses taken from the Waupaca 
The spawning of the silver redhorse occurs in April River at Weyauwega (Waupaca County) on 10 Sep- 
and May, often as soon as the ice goes out. In Iowa, tember 1971 were in age-groups IV to XII, and were 
spawning reaches its peak during the first week of 358-492 mm TL (K. Sroka, pers. comm.). The calcu- 
May, when the water temperature is 13.3°C (56°F) lated lengths at the annuli were: 1—98 mm; 2—173 
(Jenkins 1970); this is slightly later than the spawning mm; 3—235 mm; 4—287 mm; 5—323 mm; 6—347 
peak of the shorthead redhorse. mm; 7—369 mm; 8—390 mm; 9—416 mm; 10—430 

According to Meyer (1962), in Iowa, the male silver mm; 11—449 mm; and 12—470 mm. 

redhorses precede the females in reaching spawn- One hundred thirty-four silver redhorses taken from 
ing readiness. Males congregate on the spawning Pool 8 of the Mississippi River during the summer of 
grounds, apparently to defend home territories, be- 1975 were in age-groups I to IX, and were 145-636 
fore and during the spawning periods. The sex ratio mm TL (Bur 1976). The calculated lengths at the an- 
on the spawning grounds was 75 males to 37 fe- nuli were: 1—66 mm; 2—198 mm; 3—312 mm; 4— 
males, indicating the brevity of the female's stay. At 396 mm; 5—450 mm; 6—492 mm; 7—527 mm; 8— 
a spawning site in the main channel of the Des 554 mm; and 9—580 mm. The growth of the silver 
Moines River, Iowa, the water was 0.3—0.9 m (1-3 ft) redhorse in the Mississippi River appears to be more 
deep and flowed over a bottom of gravel and rubble. rapid than in inland waters. 
A pair of large, adult silver redhorses was observed Among silver redhorses, most growth for the year 
spawning in the Chippewa River (Ontario) on 9 June occurs in late July, August, and early September (Jen- 
1954 at a depth of about 1.5 m (5 ft) (Scott 1967). kins 1970). Annulus formation in southern Wisconsin 

Egg development proceeds rapidly in the fall prior occurs early in June in age-I fish, but not until late in 
to spawning. Well-developed eggs, 1.1-1.3 mm diam, June in age-III fish. In Iowa, older and larger silver 
were found in a female (416 mm TL) from the East redhorses complete annulus formation as late as Au- 
Twin River (Manitowoc County) on 3 September. An gust (Meyer 1962). Meyer noted that maturity begins 
8-year-old female (571 mm, 2.21 kg), collected 24 April at age V. 
from the Biron Flowage (Wood County) of the Wis- Occasionally the silver redhorse attains a large size. 
consin River, held 34,800 eggs averaging 2.2 mm diam; A 570-mm, 3.40-kg (22.4-in, 7.5-Ib) fish was taken from 
the ovaries were 10.3% of the body weight. In Iowa the Red Cedar River (Dunn County) on 27 Septem- 
(Meyer 1962), egg production by three females ranged ber 1974; it was 10 years old. A 635-mm, 3.52-kg (25.0- 
from 14,910 in a 340-mm, 5-year-old fish to 36,340 in in, 7.75 Ib) silver redhorse, taken on 12 August 1974 

a 490-mm fish of unknown age. from Lake Superior off Pikes Creek (Bayfield County), 
M. Fish (1932) illustrated and described the 19.5- was an estimated 14 years old. According to Traut- 

mm stage. man (1957), Ohio River commercial fishermen have 

In Iowa, young silver redhorses remain in smaller reported maximum weights up to 4.54 kg (10 Ib) for 
streams throughout their first year of life (Harlan and silver redhorses. Trautman reported a 635-mm (25-in) 

Speaker 1956). specimen weighing 3.74 kg (8 lb 4 oz). 
The growth of young-of-year silver redhorses in In Iowa, silver redhorses consume the same food 

Wisconsin has been recorded as follows: items throughout the summer and fall as do the 
golden and shorthead redhorses, and all three spe- 

Th cies consumed the same foods in approximately 
No.of =m) __ equal amounts (Meyer 1962); the principal foods for 

Data Fish’ Avg: Range tocation redhorses longer than 102 mm (4 in) were, in the or- 
r duly : 2 ae oll BI vermee Co.) der of their frequency of occurrence: immature Chi- 

18 July 4) SRSA ickapos Hl Crawinrd Co ronomidae (91%), immature Ephemeroptera (62%), 
21 July 2 42 42-43 _Little Wolf R. (Waupaca Co.) and immature Trichoptera (18%). In an earlier study 
. Ana ; 8 aa Sue f {Green et from the Des Moines River, Iowa (Harrison 1950), the 

9 Sept : 93 90-94 waupaca R. (Waupeca Co.) food of 11 silver redhorses consisted of 64% insects, 
20 Sept. 15 50 44-60 South Fork Jump R. (Price Co.) 21% plants, 8% organic material, 4% fish, and 3% 
TT crustaceans. The insects were basically bottom forms, 

Nine silver redhorses taken from the Pecatonica including mayflies, stoneflies, caddisflies, dipterous 
River (lowa County) on 30 June 1960 were of the fol- flies, backswimmers, water boatmen, beetles, and a 
lowing age-groups and average lengths: I—89 mm; few terrestrial insects. The plant material was fila- 
II—203 mm; III—238 mm; and V—261 mm. mentous algae. Two individuals had preyed upon
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spotfin shiner fry, another contained a scale of a large The silver redhorse, although bony, is an excellent 
fish, and one specimen had eaten part of a crayfish. food fish, and can be prepared in a variety of ways. 

In the Des Moines River, Iowa, young silver red- It is superb when canned in a tomato and vegetable 

horses inhabit slow-moving waters over soft-bottom oil sauce. 
areas near overhanging banks, presumably for pro- The silver redhorse is taken more frequently by 
tection from predators (Meyer 1962). During the commercial seine than by angling. Wisconsin pro- 
summer the silver redhorse population tends to be duction of “suckers and redhorse” (including the sil- 
sedentary rather than mobile. ver redhorse) in the commercial fishery of the Mis- 

In the Kickapoo River (Crawford County), 17 sil- sissippi River has been fairly constant since the 1950s: 
ver redhorses were associated with longnose gar (1), 1955—30,507 kg (67,257 Ib); 1960—13,509 kg (29,781 
common carp (2), and sauger (2). Ib); 1965—12,325 kg (27,172 lb); 1970—18,957 kg 

(41,792 Ib); 197421,310 kg (46,979 Ib); and 1976— 
18,100 kg (39,903 Ib). To the commercial fisherman, 

IMPORTANCE AND MANAGEMENT the value of the 1976 catch was $1,795.63. The silver 
The extent of predation on the silver redhorse is not redhorse constituted only a small part of this catch, 
known. Scott and Crossman (1973) suggested that although in some areas it represented a significant 
the young may be vulnerable to a wide range of percentage of the catch. Bur (1976) noted that, in Pool 
warmwater predators in rivers, but that adults are 8 of the Mississippi River, the silver redhorse was the 
probably relatively safe from predation. second largest group of catostomids sampled in his 

The silver redhorse is taken by anglers on worms, study; they constituted 26.4% of those taken during 
on grubs, and occasionally on dough bait. A red- the summer of 1975. 
horse 610 mm (24 in) long from an Ontario lake, be- In Lakes Michigan and Superior, the silver red- 
lieved to be of this species, was battled for 2 hours, horse appears only rarely in the commercial catch. 
according to Scott and Crossman (1973); these au- There is no documentation for the claim by Forbes 
thors noted that where this species is locally abun- and Richardson (1920) that, at some points in Lake 
dant it “may constitute a potential sport fish of some Michigan, the silver redhorse contributes a consider- 

significance.” able percentage to the catch of suckers.
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Shorthead Redhorse Pharyngeal teeth narrow, fragile, about 53 per arch; 

crown of each tooth with a pronounced cusp on an- 

terior edge; arch moderately strong, the symphysis 
Moxostoma macrolepidotum (Lesueur). Moxostoma— short. Dorsal fin moderately falcate, rarely straight; 

sucking mouth; macrolepidotum—large scaled. dorsal fin base into SL 5.3-5.6, length of base about 
Other common names: redfin, redfin sucker, red two-thirds the distance from back of head to dorsal 

sucker, redhorse mullet, common mullet, short- fin base; dorsal fin rays 12-14 (11-15); anal fin rays 7 
head mullet, mullet, bigscale sucker, common (8); pelvic fin rays 9 (8-10). Lateral line scales 42-44 
redhorse, northern redhorse, Des Moines (39-46); lateral line complete. Scales around caudal 

plunger. peduncle 12-13. Chromosomes 2n = 96-100 (Uyeno 

and Smith 1972). 
Back dark olive to tan olive; sides olive yellow; 

belly whitish. Caudal and dorsal fins pale to bright 
Fe red in life (fades to gray in formalin or alcohol); 

paired fins salmon to reddish orange; anal fin orange 
oa or red with whitish edge. Scales with dark spots at 
ee their anterior exposed bases. 

cgi — eee” Breeding male with minute tubercles on head, 

2 =p ~ body scales (larger tubercles on caudal peduncle), 

rays of caudal and anal fins, and at least on anterior 

Adult female 470 mm, Mississippi R. (Buffalo Co.), 28 Sept. 1974 rays patren abd dorsal fins, Breeding temale sith 
, . “ ° minute tubercles concentrated on dorsal surface of 

head, occasionally on rays of anal and lower half of 
DESCRIPTION caudal fins; a thickened epidermis over lower portion 
Body elongate, slender, moderately compressed; of caudal peduncle. 

ventral aspect slightly curved. Adult length about 280 Sexual dimorphism: In adult males, the posterior 
mm (11 in). TL = 1.25 SL. Depth into SL 3.5-4.3. rays of the dorsal fin are longer in relation to the an- 

Head into SL 4.3-5.4. Snout pointed to slightly blunt, terior rays than in females (Jenkins 1970). The de- 

but not overhanging mouth. Mouth small, ventral, pressed dorsal fin, dorsal fin base, and anal fin are 

and horizontal to slightly oblique; lips deeply pli- longer in males than in females (Phillips and Under- 
cate, the folds of lower lip transversely divided into hill 1971). The pelvic fin shape differs in shorthead 
large papillae; lower lip much broader than upper lip, redhorse males and females as in white sucker (see 

lower lip appearing swollen, with posterior edge p. 684); the medial edge of the fin in females is not 
forming a straight line, rarely a very obtuse angle. quite as rounded. 
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Pharyngeal arches of the shorthead redhorse, front view Pharyngeal arches of the shorthead redhorse, back view
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SYSTEMATIC NOTES more common than the silver redhorse, which is 
Three subspecies are recognized: Moxostoma m. ma- similarly dispersed. Despite its apparent ability to 
crolepidotum, described above and including Wiscon- adapt to a wide variety of habitat conditions, the cre- 
sin in its wide range; Moxostoma m. pisolabrum Traut- ation of artificial reservoirs in good shorthead red- 
man and Martin, the pealip redhorse, which differs horse streams has led to a reduction in its numbers 
from other forms by having the medial upper lip within impounded areas (Coker 1930, Trautman 
much enlarged and smoothly cornified, and which is 1957, Jenkins 1970). 
mainly Ozarkian in its distribution; and Moxostoma The shorthead redhorse is a common species in 
m. breviceps (Cope), the Ohio redhorse, which usually lakes, in stream reservoirs, and in the largest rivers 
has a 10-ray count, rather than 9, in one or both pel- of Wisconsin. There are no records from Lake Supe- 
vics, and a dorsal fin which is more falcate, and which rior or from Lake Michigan (other than Green Bay). It 
appears in the Ohio River basin (Jenkins 1970). was encountered most frequently in clear to slightly 

turbid waters at depths of 0.6 m or greater, over sub- 
DISTRIBUTION, STATUS, AND HABITAT strates of sand (28% frequency), gravel (22%), mud 
In Wisconsin the shorthead redhorse occurs in all (19%), clay (11%), rubble (10%), silt (5%), boulders 
three drainage basins. It is distributed in medium- to (3%), and bedrock (2%). It occurred in streams of the 
large-sized rivers, in large, inland lakes of central and following widths: 1.0-3.0 m (4%); 3.1-6.0 m (22%); 
northern Wisconsin, and in Green Bay. 6.1-12.0 m (22%); 12.1-24.0 m (31%); 24.1-50.0 m 

The shorthead redhorse is common statewide, and (16%); and more than 50 m (4%). The apparent drop 
is perhaps the most successful redhorse in distribu- in frequency in the larger rivers resulted from the 
tion, if not in numbers. It is more common in many lack of adequate deepwater sampling equipment. In 
river collections than the golden redhorse, and is also lakes, it prefers the clear shallows; however, it has
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Gravid female from the Wisconsin R., Wisconsin. Ovarian covering removed to expose eggs. Weight 
of roe over 225g. (Photo by S. Taft) 

been taken in some lakes at depths of 3-12 m and In southern Michigan, the breeding grounds of the 
occasionally deeper. This species of redhorse is more shorthead redhorse are the quieter, upper parts of 
plastic in its habitat requirements than any other red- rapids in streams not less than 9-12 m (30-40 ft) wide 
horse. and in shallow water with gravel bottom. 

Six female shorthead redhorses, 460-537 mm TL 
BIOLOGY and 1.31-1.93 kg, collected 24 April from the Wiscon- 

The shorthead redhorse spawns in April and May at Sin River (Wood County), held 22,000—44,000 eggs 
water temperatures of 8.3-16°C (47-60.8°F). Accord- averaging 1.9 (1.6-2.1) mm diam. The largest female 
ing to H. Neuenschwander (pers. comm.) redhorse had ovaries 13.2% of body weight. 
suckers have appeared in numbers below the Hustis- M. Fish (1932) described and illustrated the 7.5 mm 
ford Dam (Dodge County) toward the end of April. stage. Young-of-year shorthead redhorses on the 
In northeastern Wisconsin's Peshtigo River, spawn- Wisconsin River are scaled, except on the breast, by 

ing was observed in early May (M. Hawley, pers. 8 August. . f hern Wi 
comm.). Males reach spawning readiness before fe- _ oung-ol-year in some waters of northern Wiscon- 
males, and congregate on the spawning grounds ap- sin are 36-39 mm in early July, and 43—45 mm by the 
parently to defend home territories, before and dur- end of September. In southern Wisconsin, they are 
ing spawning periods (Meyer 1962). 37-52 mm TL in early August, and 76-87 mm by mid- 

In northeastern Illinois (Burr and Morris 1977), September. Young shorthead redhorses show rapid 
spawning occurred on 18 May at 16°C (60.8°F), from growth in Lake Poygan: 58-70 mm on 9 July, and 96— 

1100 to 1300 hr and from 1400 to 1600 hr. The fish 103 mm by 9 September. 
were active near the edge of a sandbar, on a shallow Five shorthead redhorses, from the Middle it 
riffle (15-21 cm deep), in troughs and circular “nests” of the Embarrass River (Shawano . ae ri 
containing coarse stones and rubble. The “nests” and tee ce tyne reas ae ie onal - —_ 
troughs may have been depressions resulting from : : eS pee 
bottom disturbances during the spawning activity. Ban ee ae mm ee el 

Spawning occurs when a female moves onto the Sj a = VI ae 4 460 saan TL, f Bi on 
riffle where the males have congregated. The spawn- eseenasoni corte Wisconsin Ri ae (Woo d County) he d 

ingact has been desaibed by Reighard (192019): the following calculated lengths at the annuli: 1—48 
. .. When she had come to rest on the bottom one of the mm; 2—111 mm; 3—248 mm; 4348 mm; 5—408 
males approached and placed himself by her side. After mm; 6—445 mm; 7—476 mm; 8—491 mm; 9—504 
half a second the other male took his place on her opposite mm; 10—513 mm; and 11—531 mm. 

side‘and ‘spawning occurred very much: as in;the white The average calculated lengths for 220 shorthead sucker. The backs of the two males were strongly arched so . 
that their dorsal fins were carried well above that of the redhorses, 125-528 mm TL and In age-groups I-VI, 
female and fully spread. Their caudal and anal fins were collected from Pool 8 of the Mississippi River were: 
close pressed against those of the female and against each 1—103 mm; 2—209 mm; 3—295 mm; 4—365 mm; 5— 
other as in the white sucker. . . . The spawning and vibra- 420 mm; 6—470 mm; and 7—527 mm (Bur 1976). 
tions lasted two or three seconds. The fish then separated In Iowa, young redhorses (shorthead, golden, and 
and the female went up stream. silver) generally form annuli in June; older and larger
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redhorses complete annulus formation as late as Au- bluntnose minnow (1), stonecat (1), blackside darter 

gust (Meyer 1962). A comparison of growth beyond (5), johnny darter (3), fantail darter (4), smallmouth 
the last annulus indicated that most of the growth bass (5), and rock bass (1). 

occurred in late July, August, and early September. 
There were no pronounced differences in the growth IMPORTANCE AND MANAGEMENT 
rates between sexes. In South Dakota (Gasaway The young shorthead redhorse is probably preyed on 
1970), growth in this species increased after im- by a number of fish-eating predators. Cahn (1927) re- 
poundment. ported that young redhorses are occasionally found 

Maturity in the shorthead redhorse occurs gener- _in the stomachs of walleyes, northern pike, and, less 
ally at age III (Carlander 1969). frequently, black bass. The shorthead redhorse is 

The maximum length reported for shorthead red- host to the glochidial stage of the mollusk Alasmidonta 
horses is 620 mm (24.4 in) (Trautman 1957); the max- marginata; hence it assists in the distribution and per- 

imum weights reported are 3.63-4.54 kg (8-10 Ib) petuation of that clam. . 
(Eddy and Surber 1947). A 2.72-kg (6-Ib) fish was re- Young shorthead redhorses have been used as bait 

ported from a central Wisconsin reservoir of the Wis- for large bass, northern pike, walleyes, and muskel- 
consin River (R. White, pers. comm.). lunge. They are hardy and live well on the hook. 

The food of 22 young-of-year shorthead redhorses, In the early spring shorthead redhorses are readily 
51-78 mm TL, from Pool 8 of the Mississippi River, taken on worms, grubs, hoppers, | crickets, small 
included Tendipedidae (86.4% occurrence), Amphi- pieces of meat and stream flies. Its virtues as a sport 

poda (77.3%), Ostracoda (72.7%), Copepoda (59.1%), fish have been extolled by Eddy and Underhill 

Cladocera (40.9%), and Trichoptera (4.5%) (Bur 1976). (1974:287): 
The food of 100 shorthead redhorses, 150-500 mm The northern redhorse is the only Minnesota redhorse 

TL, from Pool 8 of the Mississippi River, consisted of _ that bites readily on the baited hook and may on occasion 
Tendipedidae (41.2% volume), Trichoptera (39.3%), take a wet fly or plug. Northern redhorses are good sport 
Simuliidae (12.5%), Sphaeriidae (1.7%), and other when taken on a fly rod, particularly in fast water. ... A 

(5.2%) (Bur 1976). In 21 shorthead redhorses from the 2-pound redhorse in fast water will provide even the trout 
Plover River (Portage County), the diet included purist with an exciting battle. Another virtue of redhorse 
Diptera larvae, Ephemeroptera larvae, Trichoptera fishing is that there is no wait between bites. Fishing in 
larvae, mollusks, and some green algae (M. Hawley, rapids below dams is particularly productive when the fish 

ce, 2 are on their spawning run. 
pers. comm.). Similar food items were taken from 
Peshtigo River shorthead redhorses, which had also H. Neuenschwander (pers. comm.) caught 84 red- 
consumed one Odonata larva and three mature Dip- horses in one vertical lift of a 1.98-m (6.5-ft) square 
tera. dipnet during the spring run below the Hustisford 

In Iowa, Harrison (1950) noted that shorthead red- Dam (Dodge County). 
horses had consumed mostly insects, and consider- Historically the shorthead redhorse has been the 
able plant materials (algae and traces of green leaves), most important food fish of the genus. According to 
crayfish, earthworms, bryozoa, a spotfin shiner fry, Jordan and Evermann (1932), in the upper Missis- 
and a single fish egg. sippi Valley states, it had always been held in consid- 

While feeding, Ohio redhorses (Moxostoma m. brev- _ erable esteem by farmers, who were in the habit of 
iceps) flicked their fins rapidly, and pushed between __ snaring, seining, or trapping them in great numbers 
small stones and gravel with their snouts. Fin flick- in the spring, and salting them for winter use. 

ing may be a means of finding food by stirring up Many people regard the shorthead as the best food 
small or softer bottom materials (Jenkins 1970). fish of the suckers, for the flesh is white and flaky 

The shorthead redhorse descends freshwater and is excellent, particularly when baked. The big- 
streams to brackish water in Hudson Bay (Scott and gest objection many people have to the suckers—and 
Crossman 1973). It has a salinity tolerance of 3.0 ppt to smaller suckers especially—is the presence of 
(Mansueti and Hardy 1967). needlelike, Y-shaped bones which make eating both- 

Eighteen shorthead redhorses were collected from —_ ersome. This problem can be avoided by scoring the 
Mineral Point Branch (lowa County) along with the meat, or by running the fillets through a food chop- 
silver redhorse (2), golden redhorse (10), northern hog per and fashioning the finely ground meat and bones 
sucker (31), white sucker (10), largescale stoneroller _into patties. With the proper seasoning and chopped 
(9), central stoneroller (6), hornyhead chub (19), onions, such fillets can be delicious. Commercial and
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home canning of the shorthead redhorse has great mentioned together as “suckers and redhorse,” the 
potential, but past attempts to increase such use have shorthead represents about 50% of the listed catch. 
met with little success (Scott and Crossman 1973). In 1976, the total catch for the Wisconsin waters of 

In Wisconsin, the shorthead is the most common the Mississippi River was 18,100 kg (39,903 Ib), which 
redhorse in the large rivers. In Pool 8 of the Missis- was valued at $1,795.63 (Fernholz and Crawley 1977). 

sippi River during the summer of 1975, Bur (1976) For additional commercial catch statistics, see p. 664. 
collected 607 shorthead redhorses, compared to 324 Considering all of its attributes, it seems inconceiv- 
silver redhorses, 48 golden redhorses, 168 spotted able that the shorthead redhorse persists in the 
suckers, and 19 white suckers. If this collection is a minds of many fishermen and regulatory agencies as 
guide to relative abundance, it is likely that, in the a “rough fish.” Serious consideration should be given 
commercial fishery statistics which list these species to elevating this species to “sport fish” status.
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Greater Redhorse Jenkins 1970); crown of each tooth with pronounced 
cusp on anterior edge; arch moderately strong, sym- 

physis short. Dorsal fin slightly concave (in young) 
Moxostoma valenciennesi Jordan. Moxostoma—sucking to slightly convex (in adults); dorsal fin base into SL 

mouth; valenciennesi—after M. A. Valenciennes, 4.9-5.3, length of base about % the distance from back 

the famous French naturalist who first de- of head to dorsal fin base; dorsal fin rays 13-14 (11- 
scribed this species on the basis of a specimen 15); anal fin rays 7; pelvic fin rays 9 (8-10). Lateral 
from Lake Ontario. line scales 42-45 (41-45); lateral line complete. Scales 

Other common names: common redhorse, redhorse. around caudal peduncle 16 (14-17). 
Back brown olive with bronze overcast; sides more 

golden; belly whitish. Dorsal, caudal, and anal fins 

red in life (fade to gray in formalin and alcohol); an- 

terior rays of pelvic and pectoral fins whitish, re- 
; mainder reddish. Scales with dark spots at their an- 

fe ene bias N terior exposed bases. 

a ae Breeding male with minute tubercles on entire dor- 
sal and lateral surfaces of head and on body scales. 
Large tubercles on rays of lower lobe of caudal fin, 
fewer on rays of upper lobe. Breeding female with 

Female 261 mm, St. Croix R. (Polk Co.), 28 Sept. 1978 small and bluntly tipped tubercles on all fins except 
dorsal, but less widely distributed and generally 

DESCRIPTION smaller than in male; tubercles absent from female 
Body elongate to moderately stout, almost round in body, except on lower caudal peduncle. 
cross section; ventral aspect slightly curved. Adult 
length about 460 mm (18 in). TL = 1.23 SL. Depth SYSTEMATIC NOTES 
into SL 3.6-4.2. Head into SL 3.7-4.4 (3.3-3.7 in ‘ : 5 « eee 

‘ The confusion associated with the identification and 
young up to 76 mm). Snout slightly to moderately ; ae 5 

; nomenclature of this species is discussed by Jenkins 
rounded, but not overhanging mouth ventrally. Mouth : 
lar teal arid horizontal: libs-deeple plicate, fold (1970) and by Scott and Crossman (1973). Synonym: 

Bee Nene eae nee ey OBS eee) er ee Moxostoma rubreques Hubbs (1930b). Z _ ques Hubbs 
smooth surfaced except occasionally “wrinkled” on 
lateral portion of lower lip; lower lip broader than 
upper lip; lower lip often appearing swollen; lower DISTRIBUTION, STATUS, AND HABITAT 

halves forming an obtuse angle (100-160°). Pharyn- In Wisconsin, the greater redhorse occurs in widely 
geal teeth heavy, about 55 per arch (80 according to scattered localities within the Mississippi River and 
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Left pharyngeal arch of the greater redhorse. A. Front view. B. Back view.
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| Moxosoma vtencomnesi | YE STP ATR ASS || 8 Giemsa 
Lake Michigan drainage basins. It has not been re- 5328 (1) TION R22E Sec 30 (Ozaukee County), 1975; 

ported from the Lake Superior basin. UWZM 4378 (1) at Waubeka (Ozaukee County), 1959; 

Specimens examined: UWSP 3163 (1) Bearskin and MPM 6994 (1) T13N R21E Sec 8 (Sheboygan 

Lake (Oneida County), 1967; UWSP 3802 (1) Cary County), 1973. 

Pond of Crystal River (Waupaca County), 1971; The Wisconsin Fish Distribution Study from 1974 

UWSP 4323 (1) Neshota River T22N R22E Sec 10 to 1978 reported these specimens: (3) Brill River T36N 

(Brown County), 1973; UWSP 4763 (1) East Twin R10W Sec 30 (Barron County), 1975; (1) Chippewa 

River T21N R24E Sec 6 (Manitowoc County), 1974; River T27N R9W Sec 18 (Eau Claire County), 1977; (4) 

UWSP 5082 (1) Turtle Creek TIN R13E Sec 9 (Rock Turtle Creek TIN R13E Sec 9 (Rock County), 1975; (1) 

County), 1975; UWSP 5426 (1) West Twin River T20N Rock River TIN R12E Sec 35 (Rock County), 1976; (1) 

R24E Sec 29 (Manitowoc County), 1976; MPM 12799 Bark River T5N R15E Sec 11 (Jefferson County), 1976; 

(1) Yellow River T39N R14W Sec 15 (Burnett County), (1) Lake Poygan T19N R13E Sec 13 (Waushara County), 

1976; UWSP 5725 (1) St. Croix River T34N R18W Sec 1974; (1) Little River T28N R21E Sec 5 (Oconto 

19 (Polk County), 1978; UWZM 4355 (1) Black Earth County), 1975; and (1) Whitefish Lake T39N ROW Sec 

Creek (Dane County), 1957; UWSP 5577 (1) Pensau- 14 (Sawyer County), 1974. From the Red Cedar River: 

kee River T27N R21E Sec 12 (Oconto County), 1977; (2) T29N R11W Sec 8 (Dunn County); (1) T31N R11W 

UWSP 5719 (1) Pensaukee River T27N R21E Sec 13 Sec 26 (Dunn County), 1975; and (4) T33N R11W Sec 

(Oconto County), 1978; UWSP 5655 (1) Yellow River 14 (Barron County), 1975. From the Milwaukee River: 

T41N R16W Sec 28 (Burnett County), 1977; and MPM (3) TIN R21E Sec 36 (Ozaukee County), 1975; (2) TIN 

6222 (9) Pine River TON RIE Sec 2 (Richland County), R22E Sec 18 (Ozaukee County), 1975; and (17) T10N 

1972. From the Milwaukee River; UWSP 4358 (1) at R22E Sec 30 (Ozaukee County), 1975. From Pensau- 

Brown Deer Road (Milwaukee County), 1969; UWSP kee River: (1) T27N R21E Sec 18 (Oconto County),
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1975; (3) T27N R20E Sec 32 (Oconto County), 1975; the constrictions of its present range or its sporadic 

and T27N R21E Sec 12 (Oconto County), 1975. The distribution within that range. 
Wisconsin Fish Distribution Study also received The status of the greater redhorse in Wisconsin is 
specimens in 1976 and 1977 from Department of probably brighter than anywhere else in its range; 
Natural Resources fish research (T. Beard) taken from however, our recent records are often substantiated 

Brill River (Barron County); St. Croix River, Yellow by only one or a few specimens. Since the greater 
River, Loon Creek, Chases Brook, Dogtown Creek, redhorse is sensitive to chemical pollutants and tur- 
and Namekagon River (Burnett County); Yellow bidity, small populations are vulnerable and may be 
River, McKenzie Creek, Namekagon River, and Spring reduced or extirpated. It is possible that the popula- 
Creek (Washburn County); Namekagon River (Saw- tion from Cary Pond (Waupaca County) may have 
yer County); and Saint Croix River and Moose Creek been eliminated by a Department of Natural Re- 
(Douglas County). sources carp control project in 1971. Other popula- 

Jenkins (1970) reported: UMMZ 96086 (1), UF 14567 tions are threatened with domestic sewage and par- 

(1), and USNM 117557 (1) Spooner Lake Outlet ticulate runoff. 
(Washburn County), 1928; UMMZ 156836 (1) Missis- In Wisconsin, the greater redhorse has watch sta- 

sippi River at La Crosse (La Crosse County), 1948; tus (Les 1979). The establishment of a sanctuary con- 
KU 4879 (1) St. Croix River at the Burnett-Pine county taining a healthy population of the greater redhorse 

line, 1959; UMMZ 73885 (1) Willow Creek (Waushara should be instituted, and the biological needs of the 

County), 1926. Jenkins noted that 4 of the upper species studied carefully. Such a reservoir must be set 
Mississippi River and Lake Michigan basin records aside if the greater redhorse is to continue as part of 
for Wisconsin by Greene (1935) were either not spe- Wisconsin’s fish fauna. 

cifically located, or were misidentified. The report The greater redhorse inhabits mainly medium- 
from the Wisconsin River in Becker (1966) is incor- sized to large rivers, river reservoirs, and large lakes. 

rect. Additional reports: Mississippi River, Pools 5 and Scott and Crossman (1973) suspected that it occurs in 
8 near Buffalo and La Crosse respectively (P. W. Smith limited numbers in the Great Lakes themselves, near 
et al. 1971); Chippewa Flowage (Sawyer County) the mouths of tributary streams. Adults may occur 
(Dunst and Wirth 1972); Island Lake (Vilas County), throughout the year in streams as narrow as 5-9 m 

1977 (K. Linquist, pers. comm.); and Menominee (18-30 ft) with an average depth of less than 1 m (3 
River on the Wisconsin-Michigan boundary (Mari- ft). The greater redhorse prefers clear water over 
nette County) (Taylor 1954). sand, gravel, or boulders. 

The greater redhorse’s status has been reviewed by 
Jenkins (1970), who noted that it is uncommon or BIOLOGY 

rare over most of its range. In parts of its range, the The greater redhorse is said to spawn in May or June 
greater redhorse probably has been extirpated, or has in the moderately rapid water of streams (Scott 1967). 
had its populations reduced to low levels as a result The following information about spawning is from 
of siltation and other forms of pollution. It may also Jenkins (1970, and pers. comm.). 
be inherently rare in certain portions of its range. Spawning occurred in the Thousand Island area of 

The greater redhorse in the states immediately the St. Lawrence River from 28 June to 8 July 1967, 
surrounding Wisconsin is nonexistent, or in precari- and from 25 June to 7 July 1968, at water temper- 
ous condition. Its presence in the Red River of the atures of 16.7-18.9°C (62-66°F). Although these dates 
north Minnesota—North Dakota boundary, where the are late for catostomid spawning, St. Lawrence River 
three existing records date from the 1890s, is doubt- water in the Thousand Islands area warms relatively 
ful. In Minnesota it has been reported from the Mis- late, and the greater redhorse run closely follows that 
sissippi River at La Crosse (1948) and at Minneapolis of the white sucker, Catostomus commersoni. 
(1926) (Phillips and Underhill 1971). In Michigan, it An Oneida Lake (New York) male showed devel- 
has been reported from the Menominee River on the oping tubercles on 19 April, and in the Ausable River 
Wisconsin-Michigan boundary and from Kelly Creek (Michigan), three tuberculate males apparently were 
(Menominee County) (Taylor 1954). In Illinois, the spawned out by 23 June. Spawning beds generally 
greater redhorse is extirpated (P. W. Smith 1973). In consist of gravel with admixtures of sand and small 

Iowa, there are no records of this species. The gen- rubble, in moderate to swift currents. Following the 
eral range map I have provided indicates the histori- movement or migration to these areas, male greater 
cal range of the greater redhorse; it does not define redhorses hold positions or territories, and are pe-
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riodically visited by females for spawning. No nest The largest greater redhorse, 673 mm TL and 4.85 
construction has been observed. Spawning is accom- kg (26.5 in, 10 lb 11 0z), was taken from Whitefish 
plished, in typical redhorse fashion, by a trio of two Lake (Sawyer County) on 25 or 26 June 1974. Back- 
males and a female. Jenkins noted a functional repro- calculated lengths at the annuli were: 1—80 mm; 2— 
ductive dimorphism, whereby males tend to spawn 157 mm; 3—275 mm; 4—382 mm; 5—462 mm; 6—511 
with females larger than themselves. mm; 7—540 mm; 8—563 mm; 9—588 mm; 10—613 

In the Pine River (Richland County) on 23 August, mm; 11—635 mm; and 12—652 mm. An age-X fish 

nine young-of-year greater redhorses were 37-50 mm from Lake Poygan (Waushara County), 618 mm and 
TL. In the Milwaukee River (Ozaukee County) on 10 3.06 kg (24.3 in, 6 Ib 12 oz), showed a yearly growth 
September, 14 young-of-year were 53-75 mm TL and rate identical to that of the specimen from Whitefish 

1.7-4.8 g. In the Pensaukee River (Oconto County) Lake. 
on 28 October, three young were 57-74 mm and 1.99- The greater redhorse is the largest of the red- 
2,85 2. horses; adults frequently exceed 2 kg (4.4 Ib). In the 

The growth of the greater redhorse varies in differ- Lake Ontario drainage, it has been reported at 5.90 
ent parts of the state. In the Pensaukee River (Oconto kg (13 Ib) (Dymond et al, 1929). According to Jenkins 
County), three greater redhorses, in age-groups III, (1970), maturity, which is based on tuberculation, oc- 
V, and VI, were 173 mm. 321 mm, and 395 mm TL curs in males between 380 and 540 mm SL (about 467 

respectively; they had the following average calcu- to 664 mm TL). Males probably mature at ages V 
lated lengths at the annuli: 1—28 mm; 2—128 mm; and VI. 

3—232 mm; 4—295 mm; 5—335 mm; and 6—378 mm. The food of the greater redhorse consists princi- 

Four fish collected from Red Cedar River (Barron pally of aquatic insects and mollusks. The stomach of 
County) on 24 June, were in age-groups IX and X, a 24-cm (9.4-in) fish from Lake Champlain (New 

and were 584-616 mm TL and up to 3.25 kg in weight York) contained the following food: midge larvae (5% 
(23-24.2 in, 7 Ib 2.8 oz); they had the following cal- volume), mollusks (25%), crustaceans (60%), and 

culated lengths at the annuli: 1—34 mm; 2—131 mm; plants (10%) (Rimsky-Korsakoff 1929). 

3—231 mm; 4—351 mm; 5—424 mm; 6—478 mm; 7— In Bearskin Lake (Oneida County), species associ- 
519 mm; 8—549 mm; 9—572 mm; and 10—559 mm. ated with the greater redhorse included the horny- 
The annulus for the year was just being placed in the head chub, largemouth bass, bluegill, pumpkinseed, 
largest and oldest fish. yellow perch, johnny darter, muskellunge, northern 

In view of known growth rate of young-of-year pike, and walleye. 
greater redhorses, the calculated growths at the first 

annulus in the above assessments are unusually low. 
No correction has been made for this bias. IMPORTANCE AND MANAGEMENT 

Two 8-year-olds from Turtle Creek (Rock County), The value of the greater redhorse as a prey species is 
were 547 and 666 mm TL; the latter weighed 2.32 kg not known. The greater redhorse is seldom taken by 
(5 Ib 1.8 oz). They had the following lengths at the angling. It is probably only rarely a small part of the 
annuli: 1—53 mm; 2—186 mm; 3—279 mm; 4—373 commercial “suckers and redhorse” catch reported 
mm; 5—451 mm; 6—519 mm; 7—560 mm; and 8— from the Mississippi River and Lake Michigan. 
607 mm.
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River Redhorse very large and molarlike, with a somewhat flattened 
grinding surface; arch heavy and strong. Dorsal fin 
straight to slightly concave; dorsal fin base into SL 

Moxostoma carinatum (Cope). Moxostoma—sucking 4.5-5.0, length of base about three-fourths the dis- 
mouth; carinatum—keeled. tance from back of head to dorsal fin base; dorsal fin 

Other common names: greater redhorse, redfin red- rays 13-15; anal fin rays 7; pelvic fin rays 9 (8-10). 
horse, pavement-toothed redhorse, big-jawed Lateral line scales 42-44 (41-46); lateral line com- 

sucker, river mullet. plete. Scales around caudal peduncle 12-13. 
Back bronze olive; sides and belly yellowish, 

brassy, or bronzed. Caudal and dorsal fins red in life, 

lower fins orange to reddish orange. Scales usually 
with dark spots at their anterior exposed bases. 

a — Breeding male with moderate to large tubercles on 
Pom : a yn ON aa snout to cheek, on throat, on back of head, and oc- 

anaes eros casionally a few on opercle and nape; minute tu- 
bercles occasionally on margins of scales on upper 
half of body, on all caudal and anal fin rays, and, in 
larger male, on anterior rays of paired fins. Breeding 

Adult female 638 mm, Chippewa R. between Eau Claire and Du- male with a midlateral, dark stripe extending from 

rand (Dunn Co.?), 17-19 May 1977 snout to above anal region. Breeding female with 
thickened epidermis of lower caudal peduncle. 

DESCRIPTION Sexual dimorphism: Males in Lake St. Croix (Wis- 
Body moderately stout, usually round, often quite consin-Minnesota boundary) with a significantly lesser 
compressed in adult males; ventral line curved. Ad- head depth, slimmer caudal peduncle, and longer anal 

ult length about 300 mm (12 in). TL = 1.26 SL. Depth fin than females (Phillips and Underhill 1971). 
into SL 3.3-4.0. Head into SL 3.6—4.2. Snout squared Hybrid: A possible hybrid between this species 
at tip or slightly rounded. Mouth ventral and hori- and either the shorthead or the golden redhorse has 
zontal; lips deeply plicate, folds almost always been reported from the South Fabius River system, 

smooth, papillae absent; lower lip much broader than Missouri (Jenkins 1970). 
upper lip, with lower halves nearly straight along 
posterior margin, which may be weakly scalloped. 

Pharyngeal teeth 33-45 per arch; teeth of lower half DISTRIBUTION, STATUS, AND HABITAT 
In Wisconsin, the river redhorse occurs only in the 

, Mississippi River basin. 

| . Specimens examined: UWSP 3557 (2) Lake St. Croix 
ie. <3 near Stillwater, Minnesota, 1968; UWSP 5576 (1) and 

ae Ew MPM 12800 (1) Rock River T8N R15E Sec 4 (Jefferson 
a.) ‘SS County), 1976; UWSP 5584 Chippewa River T27N 
Ee ty /s ; ~~ rae ROW Sec 19 (Eau Claire County), 1977. 
ae ay iS Te The Wisconsin Fish Distribution Study reported: 6 

DS ee it eo Sf collections (1-61) Rock River T8N R15E Sec 4 (Jeffer- 

es i A Y : . ES: 22s son County), 1976 and 1977; (7) Rock River TIN R15E 

i P eS Sec 33 (Jefferson County), 1977; (1) Sugar River T2N 
x ae eae eS eS RYE Sec 25 (Green County), 1974; (1) Sugar River T2N 

4 4 3 RYE Sec 23 (Green County), 1974; (1) Wisconsin River 

e TON R7W Sec 13 (Grant County), 1977; (3) Black River 

T19N R6W Sec 27 (Jackson County), 1978; (1) Black 

River T19N R5W Sec 1 (Monroe County), 1977; 4 col- 

lections (1-2) Chippewa River T24N R14W Sec 23, 

mui OG pL UT ITNT TT T26N R12W Sec 3, T27N R10W Sec 35, T27N ROW Sec 
OTR lL S757 2h colada Iisa 19 (Pepin, Dunn, and Eau Claire counties), 1977; (1) 
Pharyngeal arches of the river redhorse—rear view (Photo by W. Yellow River T41N R16W Sec 28 (Burnett County), 

Schmid and J. Underhill, University of Minnesota) 1977; St. Croix River T42N R15W Sec 33 (Burnett
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County), 1977. Other reports: Mississippi River at habitat. Apparently the river redhorse population 

Cassville (Grant County) (Jenkins 1970); Mississippi has been severely reduced and possibly extirpated 

River near Dresbach, Minnesota (W. Thorn, Minn. over much of its former range within Alabama. 

Dep. Nat. Resour., pers. comm.). In Wisconsin, the river redhorse is a threatened 

Over much of its range, the river redhorse is in se- species (Wis. Dep. Nat. Resour. Endangered Species 

rious trouble and has declined markedly within the Com. 1975, Les 1979). It appears only in those rare 

past century. It is probably extirpated in Michigan areas on large rivers where the channel is constricted 

(Becker 1976), Iowa (Roosa 1977), and Indiana (Ger- sufficiently to cause water to flow rapidly over a 

king 1945). It has been placed on the rare and endan- hard, silt-free bottom. I have suggested the establish- 

gered species lists for Illinois (Lopinot and Smith ment of refuges in such areas to ensure the perpetua- 

1973) and Kansas (Platt et al. 1973). Turbidity and tion of the river redhorse and other species that re- 

other forms of pollution in such areas as eastern Kan- quire similar conditions. 

sas, Iowa, Illinois, western Pennsylvania, and north- Jenkins (1970) called attention to the fact that spe- 

ern Missouri may have been major factors in the de- cies of suckers which are essentially molluscan feed- 

cline and extirpation of river redhorse populations ers, such as the river redhorse, have all apparently 

(Jenkins 1970). suffered a great loss of range within historical times, 

In Ohio, the river redhorse declined after 1940 or have become extremely localized in their distribu- 

(Trautman 1957). In Alabama, it once constituted as tion compared to related species. Mollusks are par- 

high as 24.3% of the total weight of fish collected in ticularly sensitive to toxicants, and are among the 

rotenone samples (Hackney et al. 1968), but has not first organisms killed where toxicants are applied. 

been recorded in similar studies of the same areas The river redhorse prefers large rivers and the 

since the impoundment and inundation of the river lower portions of their main tributaries. It inhabits
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reservoirs, pools, and moderate to swift water over and all three began a series of tetanic vibrations. During 
clean gravel and rubble, and is seldom encountered these vibrations the eggs were released, fertilized and bur- 

in deeper waters with mud, silt, or sand bottoms. ied in the gravel. On several occasions one of the males left 
the formation after the tetanic vibrations had started, sub- 

BIOLOGY sequently leaving one male and one female in the spawn- 
The river redhorse is a late spawner. In the southern ing act. In no instances did a female come onto a redd to 

A 5 spawn when only one male was present. 
part of its range, spawning occurred from 10 to 17 
April at water temperatures of 22.2-24.4°C (72-76°F) A gravid female river redhorse, 645 mm and 3.69 

(Hackney et al. 1968). In Quebec, tuberculate males kg, collected from the Chippewa River (Eau Claire 
were taken on 1-3 June; males with scars were taken County) on 17 May 1977, held eggs averaging 3.0 
only from 1-7 July (Jenkins 1970). (2.7-3.1) mm diam. In Alabama, females 455-561 

The following spawning data were supplied by D. mm (17.9-22.1 in) held from 6,078 to 23,085 eggs, 
Becker (pers. comm.). While electrofishing the Chip- 3-4 mm diam (Hackney et al. 1968). 
pewa River between the Eau Claire Dam (Eau Claire Eggs which were incubated in the laboratory at 
County) and Durand (Pepin County) on 17-19 May 22.2°C (72°F) hatched in 3-4 days. Somites devel- 
1977, between 12 and 17 river redhorses were taken oped approximately 48 hours following fertilization 
in 0.6-1.2 m (2-4 ft) of water, over gravel and rub- (Hackney et al. 1968). These laboratory-held fish 
ble, in a current 0.6-1.0 m/sec. Water temperatures were 13 mm long on 21 April, and 104 mm long on 9 
varied from 20°C (68°F) in the morning to 23.3°C August. They were extremely wary and skittish, 
(74°F), in the afternoon. The sides of the males were even with daily feeding; such behavior may explain 
dark olive, and the caudal and anal fins showed signs in part why juveniles are difficult to capture. 
of wear. The females were a “rich gold” on the sides. Five river redhorses taken from Wisconsin waters 
The males emitted milt and the females emitted eggs were in age-groups IV-XII, and were 347-645 mm 
as they were handled for measurements. The largest TL. The calculated lengths at the annuli were: 1—40 
specimen weighed more than 4.99 kg (11 Ib). In the mm; 2—128 mm; 3—221 mm; 4—310 mm; 5—394 

downstream portion of the sampling area, speci- mm; 6—446 mm; 7—490 mm; 8—527 mm; 9—580 
mens had tubercle scars only, and spawning appar- mm; 10—615 mm; 11—629 mm; and 12—645 mm. In 
ently had been completed. During the same time pe- Missouri, Purkett (1958b) determined the following 
riod, the golden redhorse (Moxostoma erythrurum) was length-weight relationships: 152 mm—40 g; 254 mm— 
spawning in shallower areas, where the river was 0.3- 184 g; 381 mm—607 g; 508 mm—1.42 kg; 635 mm— 
0.6 m (1-2 ft) deep. 2.74 kg; and 711 mm—3.83 kg. 
The spawning behavior of the river redhorse was The standard lengths of mature males, whose ma- 

observed in Alabama and reported by Hackney et al. turity was determined by tuberculation, ranged be- 
(1968:327): tween 300 and 459 mm (Jenkins 1970). In Alabama 

River redhorse in the Cahaba River spawn on gravel (Hackney et al. 1968), adult females had an average 
shoals. The males precede the females onto the shoals. . . . length shorter than that of adult males. . . 
The redds were excavated by using the caudal fin in a The river redhorse reaches 76 cm (29.9 in) TL in the 
sweeping motion, the mouth in a sucking motion, and the St. Croix River (Phillips and Underhill 1967). In the 
head in a pushing motion. Redds were observed in water Chippewa River, individuals have been reported to 
from 6 inches to 3.5 feet deep. The size of the redds varied exceed 4.99 kg (11 Ib). 
from 4 to 8 feet across and were excavated to a depth of 8 The chewing structures of river redhorses furnish 
to 12 inches into the gravel. Frequently there were overlaps an effective mill for crushing mollusks, which appar- 

from one redd to another. A minimum of eight redds were ently are this species’ primary food. The river red- 
found on all spawning sites. After the redds were con- horse's molarized teeth and enlarged pharyngeal 

structed the male took a position on the redd facing up- hi d iated structures are apparentl 
5 : : ne : arches and associated struc PP: ly 

stream. This practically motionless position was main- dapted f ticati t t f i. 
tained until a female neared the redd. At this point the adapted tor masticating a greater percen age of mo 
male darted back and forth across the redd in somewhat of lusks than those of most other suckers (Jenkins 1970). 
a nuptial dance. In all spawning instances observed a sec- In the Cahaba River, Alabama, the river redhorse 
ond male came onto the redd, and in perfect harmonic mo- feeds largely on the Asiatic clam Corbicula sp; other 
tions, joined the first male in the nuptial dance. After the food items which are present in stomachs, but in in- 
two males remained for a few seconds in this rhythmic significant quantities, include larval Ephemeroptera, 
movement the female took a position between the two Chironominae, and Trichoptera (Hackney et al. 1968). 

males . . . (who) then pressed tightly against the female One-third of the food consumed by two Illinois speci-
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mens was mollusks; the remainder was composed of impossible to assess the numbers which are actually 
insect larvae, mainly mayflies and hydrophilid caught. In the commercial catch of the Mississippi 
beetles (Forbes and Richardson 1920). River, the river redhorse is categorized with “suckers 

The river redhorse may make upriver spawning and redhorse.” In Canada’s St. Lawrence River near 
migrations. This possibility is supported by the ten- Montreal, commercial fishermen rank the river red- 
dency of the young and of small juveniles to occur horse as a species of minor importance. During fall 
more frequently than adults in moderate- and small- and winter fishing in Canada, it constituted about 2% 
sized streams (Trautman 1957). of the catch of suckers (Scott and Crossman 1973). In 

Of 286 tagged river redhorse adults from the Ca- 28 days one fisherman caught 90 river redhorses 
haba River, Alabama, 4 were recovered; 1 had shown which weighed a total of 163 kg (360 Ib). 
no movement over a 12-day period, and another had One Wisconsin population of the river redhorse, 
moved 24 km (15 mi) upstream during the same pe- discovered in 1976 by the Wisconsin Fish Distribu- 
riod; 2 had each moved 16 km (10 mi) upstream dur- tion Study between the two dams on the Rock River 
ing a 22-day period (Hackney et al. 1968). at Watertown (Dodge and Jefferson counties), be- 

The river redhorse is quickly restored to waters came the central figure in a controversial carp con- 
from which it has been eliminated if there is a reser- trol program. The fish toxification program called for 
voir population nearby (Jenkins 1970). An apparently the destruction of all fish from Hustisford (Dodge 
complete fishkill in the Clinch River, Virginia, during County) to the lower dam at Watertown. Fortunately, 
mid-June 1967 was followed in late summer by the a pretreatment survey with a boom shocker dis- 
restoration of a population of young river redhorses, closed a unique population of river redhorses in the 
probably from the mouth of a nearby tributary. Resi- sector between the dams—a distance of approxi- 
dents reported that the river redhorse was again mately 1.6 km (1 mi). None was found either above 
common in the Clinch River in 1969. or below the dams. Forty-one river redhorses were 

removed and placed in holding ponds at Delafield, 
and treatment plans were revised to allow toxicants 

IMPORTANCE AND MANAGEMENT only in the waters above the upper dam, leaving the 
The river redhorse is rarely taken on a baited hook, critical area between the two dams untreated. After 
but it may be caught incidentally while angling for treatment, the redhorses were returned to the area 
other fish. In Alabama, where a small number of an- from which they had been removed. 
glers bait areas to attract this species (Hackney et al. It remains to be seen whether the area between the 
1968), two principal methods are used by sport fish- dams continues to offer a suitable habitat to this spe- 
ermen to catch shoaling redhorse: snaring, in which cies. It was impossible to prevent some of the anti- 
a wire loop attached to a stout pole is passed over the mycin from spilling over into the control area, since 
fish’s head and drawn tight; and snagging, with un- the upper dam leaked. The possibility exists that 
baited treble hooks. There is also some interest in some undesirable effects may have occurred, such as 
spear and bow fishing, both of which are legal meth- the reduction or the destruction of the molluscan 
ods for taking nongame fish in Alabama. food supply of the river redhorse. 

The flesh of the river redhorse, like the flesh of all The river redhorse is a unique fish resource and is 
redhorses, is edible and tasty, although bony. The worthy of special attention. Steps should be taken to 
presence of river redhorse bones in Indian middens ensure that adequate reservoirs of this species are 
suggests it was eaten by Indians (Scott and Crossman quickly set aside in Wisconsin waters and that life 
1973). history research is instigated toward determining its 

Difficulty in identifying the river redhorse makes it critical environmental demands.
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Northern Hog Sucker arch moderately stout, symphysis short. Dorsal fin 
falcate, dorsal fin base into SL 5.1-6.5; dorsal fin rays 
11-12 (9-12); anal fin rays 7(8); pelvic fin rays usually 

Hypentelium nigricans (Lesueur). Hypentelium—below, 93 pectoral fins very long, into SL 4.5—4.9. Lateral line 

5 lobes, supposedly in reference to 5-lobed scales 47-51 (46-54); lateral line complete. Reduced 

lower lip; nigricans—blackish. swim bladder volume compared to most other catos- 

Other common names: hogmolly, hognose sucker, tomids. Chromosomes 2n = 96-100 (Uyeno and 
black sucker, stoneroller, spotted sucker, riffle Smith 1972). 
sucker, bigheaded sucker, hammerhead sucker, Back olive to brown; sides variable, lighter olive, 

hog mullet, crawl-a-bottom, stone lugger, stone brown or yellow; belly whitish. The back and upper 

toter, pugamoo. sides of young marked with 5 dark, oblique saddles. 

Scales of sides greatly mottled. Lips orange or red- 
dish orange in life. All fins red, orange, or yellow; 
caudal and anal fins usually red. Lower fins reddish 

a with some dusky mottling on pectorals and pelvics. 
Fo as ge Breeding male with minute tubercles densely cov- 

Pf ae SO A eae ee wy —_ ering head dorsally and laterally; anal, pelvic, and 
aus caudal fins tuberculate; tubercles occasionally per- 

= sisting long after spawning. In old males, some body 
scales with minute tubercles. Breeding female with 
small tubercles on fins, occasionally persisting on anal 

Male 232 mm, Elk R. (Price Co.), 2 Oct. 1976 fin into September. 

Sexual dimorphism: Males with third and seventh 
DESCRIPTION pelvic rays of about equal length, giving fin a square 
Body elongate, cylindrical; heavy forward, much ta- appearance when spread (when relaxed, medial edge 
pered posteriorly. Average length 203 mm (8 in). TL appears longest). Females with third and fourth pel- 
= 1.20 SL. Depth into SL 4.5-5.2. Head into SL vic rays longest, giving fin a rounded appearance 
3.6-4.5; top of head between eyes concave; eyes when spread (when relaxed, lateral edge much 
looking upward. Snout long and strongly decurved. longer than medial edge). 

Mouth ventral, horizontal or oblique, often protrud- 
ing anteriorly into a “vacuum cleaner”; lips very thick 
and strongly papillose, the upper lip almost as thick SYSTEMATIC NOTES 
as the lower, with 8-10 series of papillae. Pharyngeal Originally the hog sucker was listed in genus Catos- 
teeth 44-50 per arch; medial teeth enlarged, with ex- tomus, subgenus Hypentelium, but the subgeneric sta- 
panded heads bearing a distinctive cusp anteriorly; tus has been raised to generic level. Further investi- 
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Pharyngeal arches of the northern hog sucker, front view Pharyngeal arches of the northern hog sucker, back view
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Hypetteliim mapas | pas 1} 0 Greene (1935) 
gation has placed this genus closer to the redhorses of the lower Lake Michigan basin, perhaps as a result 
than to the finescaled suckers (Jenkins 1970). Three of acute environmental changes which have occurred 

species are recognized, but only one is known from in that part of the state. The northern hog sucker ap- 
Wisconsin. pears to be secure in Wisconsin. 

The northern hog sucker frequents the clear parts 
DISTRIBUTION, STATUS, AND HABITAT of streams or rivers, especially riffle areas where the 
In Wisconsin, the northern hog sucker occurs in the current is sufficiently rapid to keep the bottom 
Mississippi River and Lake Michigan drainage ba- scoured of silt. It was encountered most frequently in 
sins. It is not known from the Lake Superior basin. clear to slightly turbid water at depths of 0.1-1.5 mm, 
All of our records come from streams, but a single over substrates of gravel (26% frequency), sand 
report has been ascribed to Grindstone Lake (Sawyer (26%), boulders (15%), rubble (12%), mud (8%), silt 

County) (Sather and Threinen 1968). (6%), clay (5%), and bedrock (1%). It occurred in 
In Wisconsin, the northern hog sucker avoids streams of the following widths: 1.0-3.0 m (5%); 3.1- 

lakes, and is present only sparingly in the larger 6.0 m (20%); 6.1-12.0 m (23%); 12.1-24.0 m (24%); 
streams. It is uncommon in the Mississippi River, 24.1-50.0 m (23%); and more than 50 m (6%). 
perhaps as a result of man’s conversion of the riffle or 
fastwater sectors to a series of impounded pools. In BIOLOGY 
the driftless area, it is locally abundant, and in a sur- Spawning occurs in April and May in riffles, or in the 
vey in southwestern Wisconsin more than 200 indi- downstream ends of pools. No nest is built, but dur- 
viduals were taken in 32 of 153 collections (Becker ing prespawning activities the aggressive males clean 
1966). The northern hog sucker appears to have dis- an area of gravel. In New York, ripe males have been 
appeared from the Milwaukee and Pike river systems collected as early as 19 April, when the water tem-
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perature was 15.6°C (60°F) (Raney and Lachner 1946). Eight northern hog suckers collected 12 July 1970 
Females are usually found in the riffles only when from the Plover River (Portage County) showed the 
they are ready to shed eggs; at other times they fre- following growth at the annuli: 1—38 mm; 2—101 
quent nearby pools. mm; 3—175 mm; and 4—241 mm. The specimens 

The spawning of the northern hog sucker, ob- were of the following age classes and lengths: II— 
served in shallow water near the downstream end of 146-154 mm; IIJ—203-206 mm; and IV—266-283 mm. 

a pool, has been described by Raney and Lachner The condition (K,,) of the above collection averaged 
(1946:77): 1.05 (0.98-1.29). 

. . . The pool, just below an impassable falls, harbored some Female northern hog suckers grow. faster than 

35 to 40 hog suckers which varied in length from 6 to 12 males, but males mature sooner than females. In 
inches. They tended to gather in groups of 3, 5, 7 and 12 New York (Raney and Lachner 1946), some of the 
fishes, each group with a single female, and swam about larger males mature and breed when they are only 2 
the pool, the males attempting to crowd about the female. years old and are about 135 mm (5.3 in) long; practi- 
The female when ready to spawn would take a position cally all males are mature when they are 3 years old 
over the bottom in a restricted area of sand and gravel and 180 mm (7.1 in) long. On the other hand, most 
about three feet in diameter where the water was about 3 females mature at 3 years, when they average 170 
to 5 inches deep. The males, usually two or three in num- mm (6.7 in) TL. The slower growing females do not 

bers, followed immediately and caused a great commotion spawn until they are 4 years old and are 213 mm (8.4 
as they attempted to pack in about the female, their tails in) long. 
and caudal peduncles crowded against her sides. As she The 1, t : UWSP 5428) of 
extruded the eggs the males became greatly excited and e largest muselim specimen ( ) Of a 
often stood on their heads with the threshing tails protrud- northern hog sucker, collected 11 September 1976 
ing from the surface and beating the water into foam. The from the Hay River (Barron County), is 378 mm (14.9 
breeding act lasted approximately two seconds and is re- in) TL and 8 years old. Females up to 508 mm (20 in) 
peated after a short period of rest of 4 to 7 minutes during have been reported in Minnesota (Eddy and Under- 
which the female retires to the deeper water but is still fol- hill 1974). 
lowed by her retinue of males. It was noted that a small 6 A young northern hog sucker nearly 25 mm long 

inch male was one of the most successful of all those pres- was reported to have eaten 95% small crustaceans 
ent and did not once leave the side of a female during a (Chydorinae) and 5% midge larvae, along with a 

period of several hours. trace of rotifers and diatoms (Greeley 1927). 
The demersal, nonadhesive eggs are broadcast and In southern Wisconsin, the northern hog sucker 
abandoned; the eggs and young receive no parental feeds almost entirely on animal matter, largely in- 
attention. As the eggs were laid, many minnows, sects and larvae, with only a small proportion of the 

eastern blacknose dace (Rhinichthys a. atratulus), and diet consisting of mollusks (6%), and vegetable mat- 
northern creek chub (Semotilus a. atromaculatus) rushed ter (12%) (Cahn 1927). In central Wisconsin, it con- 
in to feast upon them. The northern hog suckers sumed Coleoptera (40% volume), small clams (30%), 
showed no interest in food at this time, even though small amounts of dragonflies, damselflies, and fresh- 
an earthworm was dangled in front of their mouths. water shrimp, and traces of sand and gravel (L. 
They showed little concern over the presence of an Meyer, pers. comm.). 
observer standing only a few feet away. The northern hog sucker’s feeding behavior has 

Eggs hatch in 10 days at a mean water temper- been described by Forbes and Richardson (1920:87): 

ature of 17.4°C (63.3°F). Newly hatched larvae mea- . . . It seeks its food in the more rapid parts of streams, 
sure 9.1-10.6 mm TL. Buynak and Mohr (1978) have pushing about the stones upon the bottoms and sucking 
illustrated and described the stages from protolarvae up the ooze and slime thus exposed, together with the in- 
10.2 mm long to juveniles 27.8 mm TL. sect larvae upon which it mainly depends for food. 

Th Wiseonsift, the gtowth of young-ofyear norti: Along with its food the northern hog sucker sucks up 
ern hog suckers follows: ae : ; d 

sand and small rocks which it quickly ejects. This 
TL species feeds ravenously, and is not easily disturbed 

No. of (mm) by intruders (Harlan and Speaker 1956). 
Date Fish Avg Range Location The seasonal movements of the northern hog 

18 July 18 34 © 29-44 Wolf R. (Langlade Co.) sucker in Ohio have been described by Trautman 

25 July 14 54 43-60 Red Cedar R. (Dunn Co.) (1957). During the spawning season, this species 
‘Sep 38 EB__Plover R. (Portage Co) Congregates in high-gradient streams over stony rif-
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fles. After spawning, many adults and some young mudminnow (2), blackside darter (13), johnny darter 
begin to drift downstream into larger waters with (29), and fantail darter (6). 

lower gradients. The downstream movement contin- 
ues throughout the late summer and fall until the fish IMPORTANCE AND MANAGEMENT 
reach the larger, deeper waters where they winter. The northern hog sucker is beneficial to minnow spe- 
There they remain until the water temperatures rise cies present in its habitat by making available to them 
to above 4.4°C (40°F), after which they begin their food to which they normally would have little access. 
spring migrations upstream. In New York, Raney While overturning stones during the feeding pro- 
and Lachner (1946) noted that these fish are sluggish cess, the northern hog sucker dislodges many food 
and generally inactive in water below 10°C (50°F), items which float downstream to foraging minnows. 
and that in water as cold as 4.4°C (40°F) they are ex- Hence the minnows are commensal species, dining 
tremely sluggish and have been seen lying beside a at the table prepared by the sucker. 
log or a stone in a riffle without moving for long pe- The northern hog sucker is host to the glochidial 

riods. stage of the mollusk Alasmidonta marginata; it is one 
Individual northern hog suckers are often found in of a number of fish species responsible for the distri- 

the swiftest flowing portions of riffles, where their bution and perpetuation of that clam species. 
streamlined bodies and widely spread pectoral fins, The northern hog sucker is sometimes used as a 
and the downward push of the current on their de- bait in still-fishing. However, it is generally consid- 
pressed heads, hold them in position; even recently ered too dull in color and too prone to seek the bot- 
killed specimens, if properly placed, will remain on tom to be an effective bait fish, even though it lives 
the bottom without being swept downstream (Traut- well on the hook and is active. In the East, large 
man 1957). The northern hog sucker avoids profuse northern hog suckers are sometimes used as bait for 
amounts of aquatic vegetation. Eddy and Surber muskellunge, northern pike, and other large game 
(1947) noted that it “loves to bask in the sun, lying fishes (Raney and Lachner 1946). 
atop some large rock or in a shallow riffle.” The northern hog sucker is rarely taken on a small 

In Moccasin Creek (Wood County), 13 northern worm or a wet fly by anglers. Although the flesh of 
hog suckers were associated with these species: this species has been described as coarse and not 
American brook lamprey (5), brook trout (2), white very desirable, I have found the opposite to be true. 
sucker (153), largescale stoneroller (3), blacknose A small northern hog sucker, filleted, salted, dusted 
dace (53), creek chub (49), redside dace (9), bluntnose with flour, and deep-fat fried, is tasty and sweet; the 
minnow (8), common shiner (27), bigmouth shiner meat may be soft in consistency, but the flavor is su- 
(22), yellow bullhead (1), black bullhead (1), central perior to that of some panfish I have tried.
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White Sucker tooth; lower 5 teeth on each side with moderately ex- 
panded crowns; arch moderately strong, widely flared 
into wings beginning at the level of third tooth; sym- 

Catostomus commersoni (Lacepéde). Catostomus—infe- physeal stem short. Dorsal fin slightly convex to 
rior mouth; commersoni—after P. Commerson, straight to slightly concave; dorsal fin base into SL 
an early French naturalist. 5.7-7.0; dorsal fin rays 10-13; anal fin rays 7; pelvic 

Other common names: common sucker, common fin rays 10-11. Lateral line scales 60-70 (55-85); lat- 

white sucker, coarse-scaled sucker, fine-scaled eral line complete. Digestive tract long, undifferen- 
sucker, eastern sucker, brook sucker, gray sucker, tiated, with 4-5 coils. Chromosomes 2n = 100 (Chro- 
black sucker, common mud sucker, sucker, mul- mosome Atlas 1973). 
let, black mullet, slender sucker, June sucker, Back olive to brownish; belly lighter to whitish. 
whitehorse, carp. Dorsal and caudal fins light slate, remaining fins 

whiter or tinged with orange. Scales generally dark 
margined. Usually 3 prominent dark blotches (diam 

» of eye or larger) along sides in young-of-year and age- 
we » I fish, which disappear in older fish. 

ate ae Breeding male with tubercles on rays of anal fin, 

SUP ee aes eee eo lower lobe of caudal fin, on some caudal peduncle 
Nts, Ne aa 2 scales, on head, and along caudal edge of each body 

: ~ od scale. Breeding male usually with a well marked, 
dark, lateral stripe or a crimson lateral stripe. Breed- 
ing females occasionally with poorly defined tu- 

Female 217 mm, Hay R. (Dunn Co.), 4 Oct. 1976 bercles on anal and caudal fins. 

Sexual dimorphism: In adult males, the tip of the 
anal fin reaches or is less than 4 mm of the lower- 

DESCRIPTION most full ventral ray of the caudal fin; in females, there 
Body elongate, round in cross section. Average length is a gap of 4-13 mm. In males, the seventh pelvic ray 
241 mm (9.5 in). TL = 1.23 SL. Depth into SL 4.2- exceeds the third in length by 0.5-3.5 mm; in fe- 
5.0. Head into SL 3.8—4.5. Snout rounded and slightly males, the seventh ray is from 1 to 5 mm shorter than 
pointed, but sometimes square; in ventral view snout the third. (See figure on p. 684.) 
barely extends beyond tip of upper lip. Lips heavily Hybrids: White sucker x longnose sucker, and 
papillose. Pharyngeal teeth about 56 per arch, with a with other closely related catostomids (Brown 1971, 
pronounced cusp on anterior edge of crown of each Hubbs et al. 1943, Nelson 1973). 
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Pharyngeal arches of the white sucker, front view Pharyngeal arches of the white sucker, back view
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Catostomus commersoni : saa es ee — |_| O Greene (1935) 

DISTRIBUTION, STATUS, AND HABITAT (23% frequency), sand (22%), silt (14%), rubble 
In Wisconsin, the white sucker occurs in all three (13%), mud (12%), boulders (9%), clay (5%), detritus 

drainage basins, and is widely distributed in lakes (2%), and bedrock (1%). It was taken once over marl. 
and streams throughout the state. The white sucker occurred commonly in lakes or res- 

The white sucker is probably the most widespread ervoirs in areas with sparse vegetation. It was found 
of all fishes in Wisconsin, where it is common to in streams of the following widths: 1.0-3.0 m (24%); 
abundant in most streams and in large lakes. In the 3.1-6.0 m (27%); 6.1-12.0 m (17%); 12.1-24.0 m 
Mississippi River it is rare to uncommon. In a central (17%); 24.1-50.0 m (10%); and more than 50 m (4%). 

Wisconsin study, this species appeared in 56 of 59 col- 
lections, and the total combined weight of the white BIOLOGY 
suckers exceeded the total weight of all other species In Wisconsin, the white sucker generally spawns 
taken (Becker 1959). from April to early May. In northern Wisconsin, 

The white sucker is a common inhabitant of the spawning has been observed in late May and early 
most highly polluted waters of southeastern Wiscon- June (Spoor 1935), and it may possibly occur in late 
sin, and of the most turbid waters of southwestern June (Faber 1967). Spawning occurs shortly after ice- 
Wisconsin. It is generally more tolerant of a wide out, when the water temperature reaches about 7.2°C 
range of environmental conditions than any other (45°F). Spawning is associated with migratory runs 
species of fish in Wisconsin. which, according to Magnuson and Horrall (1977), 

In Wisconsin, the white sucker tolerates all stream may be initiated by water runoff from early melting 
gradients from the lowest to the highest. It was en- snow. Water temperature may be an important factor 
countered most frequently in clear to slightly turbid in determining the peak of the spawning migration 
water at depths up to 1.5 m, over substrates of gravel and the duration of the run. The major migration
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: trembling” also occurs when one male approaches 
BM By i another on the spawning grounds. 

GO fr The spawning act frequently occurs between a EE ; eS SN single female and two males with one male on each 
Za . Vas side of her. The males spread their adjacent pectorals 
Zi : VSS beneath the female, and press their caudal fins 
4G a. .\S against hers. The backs of the males are arched, and 
Wj) : \ their dorsal fin rays spread like the ribs of an ex- 
ly) \\ tended fan. When the fish have come into position, 

all three fish vibrate rapidly. If they are in shallow 
male water their backs may be exposed. The powerful 

movement of their tails stirs up the gravel, releasing 
: ao a cloud of sand, which is washed downstream. The 

spawning act lasts about 1.5 seconds. 
I: ey Although additional white sucker males may be 
a Roo va 4 present during the spawning act and may attempt to 

Ny pr interfere, they take no part in the normal spawning. 
Se 4 pe There is no combat between the males that crowd e 77 ! SSS about the female to gain a place at her side; when not 
Zi “ge oie Sees r at the side of the female, males seem to pay no atten- 

oe Se tion to one another. 
ES By ~ After spawning, the female white sucker moves 
LE “4 on, usually upstream, where she soon pairs with 
} iz other males on another part of the spawning grounds. 

i The eggs from one female are scattered in small lots 
female \ over a considerable area—probably over more than 

“ one rapids. 

i In a Canadian study (Geen et al. 1966), the esti- 

a mated spawning mortalities of adults for two succes- 
sive years were 16% and 20%, although the percent- 

Comparison of the pelvic fins in the sexes of the white sucker ages are probably high. 

(Spoor 1935) In northern Wisconsin, female white suckers 406— 
533 mm (16-21 in) TL produced 20-50 thousand eggs 

usually takes place at night, starting at dusk; its (Spoor 1935). An age-VI, 406-mm female from Pleas- 
greatest intensity is reached between 2200 and 2300 ant Lake (Walworth County), with ovaries 16% of the 
hr (Schneberger 1972c). body weight, held more than 35,600 eggs (K. Lan- 

Male white suckers are more numerous than fe- dauer, pers. comm.). In Minnesota (Vessel and Eddy 
males on the spawning areas, and they arrive 2-3 days 1941), 483-508-mm (19-20-in) white suckers con- 
before the females. No nests are prepared, and no tained 93-139 thousand eggs. 
territories are defended. Spawning occurs in swift The eggs are demersal and adhesive when laid. 
water or rapids, over a bottom of gravel; however, They stick to, and are partially covered by, bottom 
the white sucker occasionally spawns in lakes, if materials. Fertilized eggs are 2.0-3.0 mm diam. No 
conditions are suitable (Breder and Rosen 1966). care is given to the eggs. 

The spawning behavior of the white sucker has According to Dobie et al. (1956), water temper- 
been described by Reighard (1920). While the males atures from 13.9 to 20°C (57 to 68°F) are best for 
are numerous on the rapids, the females locate in hatching white sucker eggs. In this temperature 
deeper water above or below the rapids. When a fe- range, the incubation period is 5-7 days. A thorough 
male moves into the rapids and comes to rest quietly description of the development from fertilization to 
on the bottom, she is approached by from one to ten the exhaustion of the yolk supply has been prepared 
males. A male coming within a few centimeters of by Long and Ballard (1976). Information on the de- 
the waiting female may stop, spread his pectorals, velopment of later stages has been supplied by Man- 
erect his dorsal fin, protrude his jaw, and for a second sueti and Hardy (1967), who have reported that scale 
vibrate his head rapidly from side to side. “Head formation is first evident at about 22.0 mm and is
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completed by 25.0 mm, when the young are about of-year attained 30 (23-34) mm on 30 June in the 
40 days old. Pecatonica River (lowa County). 

Approximately 1 month elapses between the first White suckers for age-groups I through VIII ap- 
appearance of white sucker spawners and the down- pear in the table below. No 6- or 7-year-old males were 
stream migration of the fry (Geen et al. 1966). The taken from Lake Winnebago. Priegel determined that 
young remain in the gravel at the spawning grounds the average age at maturity was 2 for both males and 
for 1-2 weeks after hatching, before they emerge to females. All fish were mature at 3 years or older. 
move downstream. These fry, 12-14 mm TL, move From sections of the pectoral fins, Vondracek back 

downstream almost entirely at night. According to calculated total lengths (mm) at the annuli for white 
Clifford (1972), as the fry become larger, many more suckers from the Pensaukee River, a tributary to 
move downstream near the surface of the water than Green Bay: 1—males 175 (females 180); 2—292 (301); 
near the stream’s substrate. 3—357 (374); 4389 (415); 5—406 (438); 6—403 (445); 

In Erickson and John lakes (Vilas County) white 7—Al14 (460); 8—421 (463); 9—429 (461); and 10—438 
sucker larvae were first collected in late May and in (471). In white suckers from Green Bay and Lake 
June (Faber 1967). Large numbers of larval white Michigan, a small number of males mature at age II, 

suckers were observed schooling in very shallow and some females mature at age III. Most white suck- 
water (2-5 cm) near shore, and were regularly caught ers are mature at age IV. Data presented by Vondra- 
in the limnetic region after dark. cek indicate that white suckers in Green Bay grow at 

Larval white suckers (12-25 mm long) have oblique a faster rate than they do in Lake Michigan. 
mouths and short intestines (Cross 1967). They feed In Spauldings Pond (Rock County), white suckers 

near the surface on protozoans, diatoms, small crus- 384-398 mm (15.1-15.7 in) TL were 3 years old 
taceans, and bloodworms brought by currents into (Threinen and Helm 1952). A 525-mm fish, collected 
areas occupied by the schools of fry. As the young from Roberts Lake (Forest County) on 8 July 1966, was 
grow, the mouth becomes ventral, the intestine elon- estimated to be 11 years old; age was calculated by 
gates, and the fish seek food mainly on the bottoms analysis of pectoral fin-ray sections (R. Puckett, pers. 

of streams or lakes. comm.). Beamish and Harvey (1969) found that, for 

Young white suckers are typically gregarious, and, some populations of white suckers, the scale method 
during the first year of life, may form schools of a few for calculating age is inaccurate after the fish have 

fish to several hundred fish. They usually spread out reached 5 years of age. 
side by side, facing the shore (Schneberger 1972c); The largest known Wisconsin white sucker, which 
when alarmed they hide in deep water, but usually weighed 2.50 kg (5.5 Ib), was taken from Lake Men- 
return to shallow water in a few minutes. In lakes, dota (Dane County) on 11 March 1976. 

white suckers under 51 mm (2 in) long usually feed The condition (K,,) of white suckers, collected from 
in water 15-20 cm (6-8 in) deep along the shore. the Biron Flowage of the Wisconsin River (Wood 

The growth of young-of-year white suckers in County) on 24 April, averaged 1.14 (0.85-1.36). All 
northern Wisconsin reached 29 (24-33) mm on 4 July fish were in postspawning condition. 
in the Wolf River (Forest County), and 44 mm by 20 Both adult and juvenile white suckers feed 
September in the Jump River (Price County). In cen- throughout the day and night, but they feed more 
tral Wisconsin, they reached 33 (28-38) mm on 25 actively at night than in broad daylight. Observations 
June in the Little Eau Claire River (Portage County), at night have indicated that after dark adults move 
and 66 (60-78) mm on 16 September in the Plover into shallower water to feed (Moyle 1969). This spe- 

River (Portage County). In southern Wisconsin, young- cies has diversified feeding habits, taking any food 

Age and Growth (TL in mm) of the White Sucker in Wisconsin 

Location | "1 " IV Vv Vi Vil Vill Source 

Muskellunge L. (Vilas Co.) 1 117 163 203 231 262 290 310 Spoor (1938) 
L. Winnebago 
Males 163 320 401 427 442 Priegel (1976) 
Females 163 330 4a 452 448 498 523 

L. Michigan, Green Bay 
Males 324 365 388 410 417 427 424 Vondracek (1977) 
Females 311 369 414 439 442 466 472 
*Data converted by Vondracek (1977) from SL or FL, using conversion factors presented in Carlander (1969).
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that may appear, including fish and fish eggs (Dobie eyes, basses, burbots, brook trout and sea lampreys. 
et al. 1948). It has eaten mud, plants, mollusks, in- Small white suckers are also prey to such fish-eating 
sects, entomostracans, diatoms, desmids, rotifers, birds as the bald eagle, heron, loon, and osprey. 

crustaceans, and protozoans. Stomach analyses have Spawning suckers in streams fall prey to bears and 
shown 100% insects in some collections, 100% higher other animals. 
plants in others, 95% mollusks in one collection, and The white sucker is a host to the glochidial stage 
50% drift in other stomachs. The average percentages of the mollusks Alasmidonta marginata and Anadonta 
of food items in stomachs examined by several work- implicata; it is one of several fish species responsible 
ers were: insects 39.0, crustaceans 3.3, mollusks 10.3, for the distribution and perpetuation of those clam 
surface drift 2.1, plankton 26.3, higher plants 9.7, species (Hart and Fuller 1974). 
miscellaneous 8.8, and bryozoans 0.5. The chief economic value of the white sucker lies 

The white sucker is essentially a bottom fish. In in its use as food for sport fishes. From the time they 
deep lakes, few if any are captured more than 46 cm emerge from the egg until they reach a length of 203 
(18 in) off the bottom (Spoor and Schloemer 1939). mm (8 in), white suckers are the natural food of wall- 
They move inshore in the evening and offshore in the eyes and northern pike (Eddy and Surber 1947). In 
morning. In Green Bay (Lake Michigan), they were Maine, the white sucker is one of the principal foods 
most numerous at the 9-m interval, although a few of lake trout over 2.27 kg (5 Ib) (Everhart 1958). The 

were captured at 37 m (Reigle 1969a). According to vulnerability of white suckers to predation by small- 

Hile and Juday (1941), the maximum depths of occur- mouth bass was almost nil. (Paragamian 1976b). 
rence of white suckers varied from 5 to 10 m in Lake In the past, the white sucker has been criticized for 
Mendota (Dane County) to 10 to 15 m in Lake Ge- eating the eggs of walleyes and muskellunge. Schne- 
neva (Walworth County) and Green Lake (Green berger (1972c), who examined several hundred white 
Lake County). sucker and redhorse stomachs collected during spawn- 

In streams, the largest white suckers occur in the taking operations, found that fish eggs were only oc- 
deep holes; they are easily stunned with electrofish- casionally ingested: “Apparently the sucker does not 
ing equipment, although such treatment is seldom make a special effort to seek out fish eggs for food but 
fatal. White suckers keep poorly in holding tanks on merely sucks them up incidentally with its regular 
hot days. They may survive low oxygen levels if the food.” In Ontario, it has been shown that predation 
water temperature is low. by suckers on brook trout eggs is insignificant com- 

White suckers move about extensively (Olson and pared with predation by the trout themselves (MacKay 
Scidmore 1963), dispersing widely after spawning. In 1963). In summation, the evidence for white sucker 
South Bay of Lake Huron, white suckers traveled 0.6- predation on spawning grounds of more desired spe- 
12.9 km (0.4—8 mi) from the tagging site; one was cies is variable and nonconclusive (Scott and Cross- 
reported 56 km (35 mi) away, 5 years after it was man 1972). 

tagged (Coble 1967b). In Wisconsin, the white sucker is an important bait 

In northern Wisconsin lakes, the white sucker pre- fish. White suckers from 76-356 mm (3-14 in) are 
fers water temperatures of 11.8-20.6°C (53.2-69.1°F) used as live bait for walleyes, northern pike and 
(Ferguson 1958), generally at the lower part of the muskellunge. In 1968, Wisconsin licensed bait deal- 
epilimnion and the upper part of the thermocline. ers reported a total of 194,264 kg (428,272 Ib) of suck- 
On 1 August, the upper lethal temperature was ers sold during the year. Schneberger (1972c) esti- 
31.2°C (88.2°F) (Brett 1944). mated the value of the sucker bait industry that year 

Beamish (1972) determined that the low to lethal as approximately $300,000. 
PH for the white sucker is 3.0-3.8. In Lake Waubesa, The white sucker is generally fished for by sports- 
and in the Yahara River below the lake, a sudden men early in spring, with worms used as bait. They 
mortality of fishes occurred when the water became are also speared or dip netted; and occasionally they 
super-saturated with oxygen (Woodbury 1941); among will hit wet flies or spinning lures fished near the bot- 
the fish most affected were large, mature white tom (Reece 1963). Sucker hordes during spring runs 
suckers. are especially vulnerable to spearing or netting. 

The flesh of the white sucker is white, sweet, and 
good tasting, although not quite as firm as that of 

IMPORTANCE AND MANAGEMENT most sport species. White sucker meat is a delicacy 
In Wisconsin the sucker is an important forage fish. when smoked. Sucker recipes, bearing such exotic 
Muskellunge are known to feed on the white sucker names as “Hunters Creek Home Fried,” “Tasty Fron- 
and, in some areas, they are preyed upon by wall- tier Fritters,” “Macatawa Bake,” “Waterfront Casser-
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ole,” and “Calumet Combo,” do justice to its edibility ploited, it declined just prior to the panfish popula- 
(Mattingly 1976). Detracting from the pleasure of eat- tion decline, and remained low (Kempinger et al. 
ing white suckers are the large Y-shaped bones be- 1975). In another Wisconsin lake, with a relatively 
tween the muscle segments. These may be avoided fast-growing population of white suckers, the num- 
by filleting or by grinding the meat and bones fine bers of fish of other species were lowered by re- 
and fashioning them into fish patties. White suckers moval. The suckers in the lake grew faster, despite a 
may also be canned; the canning process softens the continued rise in their own numbers (Parker 1958). 
bones, as it does in canned salmon. Studies have been made of the removal of white 

Commercial fishermen take white suckers by seines, suckers from trout streams in southern Wisconsin. In 
fyke or drop nets, pound nets, gill nets, and trawls. a 3-year study in Milner Creek (Grant County), 5,050 
The catch is used for both human and animal food, white suckers were removed during the first year, and 
much of it for cat and dog food. The white sucker, 7,700 fish were removed 2 years later; a total of more 
when cooked, can be used as a food supplement with than 499 kg (1,100 Ib) of fish were removed. In Octo- 
the freshwater drum for the domesticated mink (Prie- ber of the last year, C. Brynildson and Truog (1958) 

gel 1976). Several years ago, the canning of suckers estimated that 7,411, 13- to 38-cm white suckers still 
was attempted by a Michigan producer; and al- remained in the stream. 
though the canned suckers were delectable, they The production of white suckers has been de- 
could not compete with the more desirable canned scribed at length by Dobie et al. (1956), Forney (1957), 
salmon (Schneberger 1972c). and Schneberger (1972c). Ponds of moderate fertility 

In Green Bay from 1963 through 1965, suckers (pri- usually produce the most suckers. Where chiron- 
marily white suckers) were the third most abundant omid larvae are present in the bottom muds, good 
species in the total trawl catch; they occurred in 36% sucker crops may be produced consistently year after 
of the drags (Reigle 1969a). In the Pensaukee River year. On the other hand, where filamentous algae 
(Oconto County), suckers are exploited heavily by a grow over the bottom, sucker production is poor and 
contract fishery. A yearly mean of 158,858 kg (350,217 may be reduced to almost zero. 
Ib) was removed from 1967 to 1976 (Magnuson and The white sucker from Oklahoma to Michigan has 
Horrall 1977). (For further information on suckers in standing crops averaging 12.2 kg/ha (10.9 Ib/acre), 
the commercial fishery of Lake Michigan waters, see and ranging from 0.1 to 35.3 kg/ha (0.1 to 31.5 Ib/acre) 
p. 691). In Lake Superior, white suckers are of little (Carlander 1955). 
commercial importance. During 1970, contract fish- Considering its wide distribution, its high num- 
ermen removed 241,918 kg (533,328 Ib) of suckers bers, and its delectability, the white sucker is poten- 
from the inland waters of Wisconsin, while state tially the most valuable food and sport fish in Wis- 
crews removed 4,158 kg (9,167 Ib), for a combined consin. It is an important and unusually persistent 

total of 246,076 kg (542,495 Ib) (Miller 1971). The resource. All efforts should be directed toward its uti- 
catch consisted mostly of white suckers. lization, and toward improving its image before 

The population dynamics of white suckers are not sportsmen and the general public. The white sucker 
always understood. In a northern Wisconsin lake, represents a pool of millions of kilograms of valuable 
white suckers were numerous over a period of years protein, which can be harvested yearly without de- 
when the panfish populations were abundant. Al- pleting the seed stock. 
though the white sucker population was not ex-
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Longnose Sucker coils. Chromosomes 2n = 98 (Beamish and Tsuyuki 

1971). 
Back dark slate; sides lighter; belly whitish; gener- 

Catostomus catostomus (Forster). Catostomus—inferior ally an abrupt change in color from sides to belly. 
mouth. Dorsal and caudal fins light slate, remaining fins 

Other common names: sturgeon sucker, red sucker, milky white or transparent. Young with 3 large, dif- 
redside sucker, mullet, northern sucker, fine- fuse, black lateral blotches (present in Lake Superior 

scale sucker, black sucker. fish up to 175 mm). 
Breeding male with tubercles on head, anal fin, 

and ventral lobe of caudal fin; the upper surface of 
i 28 the body almost black; a bright red midlateral stripe 
a : " — running length of body. 

ee ee iY Hybrids: Longnose sucker x white sucker, and 

<== tl other closely related catostomids (Nelson 1973, Paetz 
and Nelson 1970, Brown 1971, and Hubbs et al. 

227 mm, Poudre R. (Larimer Co.), Colorado, 14 Apr. 1970 1943). 

DESCRIPTION DISTRIBUTION, STATUS, AND HABITAT 
Body elongate, rounded in cross section. Average In Wisconsin the longnose sucker occurs in the Lake 
length 406 mm (16 in). TL = 1.21 SL. Depth into SL Superior and Lake Michigan drainage basins; its 
4.2-4.6. Head into SL 3.6-4.2. Snout strongly pointed probable occurrence in the Mississippi River drain- 
and tapered sharply backward and ventrally to age basin is based on the single report (Wis. Dep. 
mouth; in ventral view, snout extends far anterior to Nat. Resour.) from North Twin Lake (Vilas County). 

upper lip. Lips heavily papillose. Pharyngeal teeth The site of this report is a few kilometers northwest 
with sharp cusps on anterior cutting edges of crowns, of the site of the Kentuck Lake (Vilas County) record 
about 52 per arch; arch medium stout, with pro- (UWSP 3709), which is in the Lake Michigan water- 
nounced, winglike flange arising at level of fourth shed. Two old records from the upper Peshtigo River 
tooth from center; symphysis short, but with strong (Forest County) suggested to Greene (1935) that 
ventral plates. Dorsal fin straight in young to slightly some of the deeper lakes tributary to this river may 
concave in adults; dorsal fin base into SL 6.6-—8.0; be inhabited by this species. 
dorsal fin rays 10 (9-11); anal fin rays 7; pelvic fin The longnose sucker is the only species of North 
rays usually 9. Lateral line scales crowded anteriorly, American suckers which has invaded another conti- 
usually more than 95 (91-115); lateral line complete. nent. It is known from the Yana, Kolyma, and Ana- 
Digestive tract long, undifferentiated, with 2 or 3 dyr rivers of eastern Siberia, which it apparently in- 
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vaded recently via the Bering Straits. This species Louis River near Duluth, Minnesota) on 15 May 
occurs in brackish water about the mouths of Arctic (Eddy and Surber 1947). A male in breeding condi- 
streams (Scott and Crossman 1973). tion was collected from Kentuck Lake (Vilas County) 

The longnose sucker is abundant in Lake Superior in May. In the Brule River (Douglas County), the 
and its tributaries during spawning. In that basin it dates of peak spawning migration varied from 19 
appears to be secure. In northern Lake Michigan, it April to 25 May (Bailey 1969). The spawning migra- 
is common, but it is rarer to the south, and has prob- tion intensified as the river water temperature ap- 
ably been extirpated at the southern tip of the lake. proached 12.8°C (55°F), but fell off sharply when 

The longnose sucker rarely appears in Lake Michigan water temperatures exceeded 15.6°C (60°F). Spawn- 
tributaries. ing takes place over the gravelly bottoms of streams; 

In Lake Michigan, the longnose sucker occurs in it may also occur in shoal waters as is probably the 

shallow waters, but it is occasionally found in deeper case in some areas of Lake Michigan. 

water. During bottom trawl explorations of northern In the spawning run of the Brule River (Bailey 

Lake Michigan (Reigle 1969b), the largest catch was 1969), male longnose suckers outnumbered females 

made at 24 m. In Lake Superior, the longnose sucker 91 to 79. The mean length of the males was 386 mm 

is most abundant at less than 37 m; it is seldom found (15.2 in); that of the females was 421 mm (16.6 in). In 

deeper than 55 m (Dryer 1966). age, the males averaged 7.2 years; the females aver- 
aged 8.0 years. 

BIOLOGY The spawning behavior of longnose suckers was 

In Wisconsin, the longnose sucker spawns in April observed in a British Columbia stream about 3 m 

and May. Longnose suckers were observed spawning wide and 15-30 cm deep (Geen et al. 1966); the cur- 

in the company of white suckers at Fond du Lac (St. rent varied from 30 to 45 cm/sec over gravel 0.5-10
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cm diam. The spawning act was described as follows suckers to reach 454 g (1 Ib), and nearly 10 years were 
(p. 1771): needed to reach 907 g (2 Ib). The youngest mature 

. . . During spawning, individual females left the still water males were 4 years old, and all males were mature at 

and moved into the midst of the males. Two to four males age VIII. Females first matured at age V, and all were 
usually escorted the female a short distance and crowded mature at age IX. 
beside her. During egg deposition the group of three to five The back-calculated lengths at the annuli of nine 
fish thrashed about for 3 or 4 sec, the males apparently longnose suckers from the Chambers Island area of 
either clasping the female with their pelvic fins or vibrating Green Bay in Lake Michigan (UWSP 2399) were: 1— 
against her with the anal fin. The dorsal fins appeared to 67 mm; 2—123 mm; 3—168 mm; 4—216 mm; 5—252 

be held stiffly erect during spawning. Following the mm; 6—278 mm; 7—309 mm; and 8—344 mm (D. 

spawning act the female returned to still water or to the Breitzman, pers. comm.). The yearly growth of a 330- 
cover of the bank and the males returned to previously oc- mm, age-VI male from Kentuck Lake (Vilas County) 

cupied positions: (UWSP 3709) was: 1—74 mm; 2—128 mm; 3—179 mm; 
Spawning occurred during daylight hours. After 4—230 mm; and 5—280 mm. This fish was collected 
dark no splashing was heard, indicating the egg in May, and the annulus for its last year of life had 
deposition had ceased. No nest was built; the pale not yet been placed. 
yellow eggs, adhesive and demersal, were laid a few A large longnose sucker, 642 mm (25.3 in) FL and 
at a time, and adhered to the gravel and other sub- weighing 3.31 kg (7.3 Ib) was gillnetted from Great 
strate material. Slave Lake, Canada (Harris 1962). It was estimated to 

Although some male longnose suckers held spe- be 19 years old (Keleher 1961). 
cific positions through 1 or 2 days, no aggressive be- In one study, the food of young, 11-18 mm long- 
havior or area defense was noted. Males occasionally nose suckers was plankton; 20-90-mm young grazed 

drifted backward downstream, however, and brushed on weeds and solid surfaces, taking no mud (Hayes 
their tails against the heads of other males (Geen et 1956). Weisel (1957) noted that adults frequent deep 
al. 1966). water during the heat of summer days, but in the 

In Brule River (Douglas County) longnose suckers, evening and at night they approach the shores to feed. 
the average number of eggs was 26,000, and ranged In western Lake Superior, the food habits of 231 
from nearly 14,000 for the shortest fish (353 mm) to longnose suckers and 24 white suckers in the Du- 

more than 35,000 for a 450-mm female; the eggs from luth-Superior and Apostle Islands areas were stud- 
one female averaged 2.2 mm diam. Under laboratory ied together (Anderson and Smith 1971b). Amphi- 
conditions (Scott and Crossman 1973), eggs hatch in pods were the most important crustaceans, followed 
8 days at a water temperature of 15°C (59°F), and in by lesser quantities of cladocerans, isopods, cope- 
11 days at 10°C (50°F). pods, ostracods, and Mysis. Chironomids were the 

Young longnose suckers remain in the gravel of the most commonly eaten insect, along with Ephemer- 
bottom for 1-2 weeks before emerging. When the fry optera, Trichoptera, Coleoptera, and Hemiptera. Also 
are between 10 and 12 mm TL, they begin to migrate present were fingernail clams, snails, coregonid eggs, 

downstream during nighttime hours (Geen et al. Araneae, oligochaetes, Hydracarina, plant material, 
1966). and a substantial amount of unidentified material. 

Attempts by Bailey (1969) to locate young-of-year Stenton (1951) reported longnose suckers 356-406 
longnose suckers in the Brule River and adjacent mm (14-16 in) long which had 0-98 brook trout eggs 
streams were unsuccessful. The only age-0 longnose in their digestive tracts. It was known that these eggs 
suckers taken in his study were captured in trawls had been exposed to predation by the superimposi- 

fished about 0.8 km (0.5 mi) off Duluth, Minnesota. tion of nests on limited spawning grounds, and may 
Bailey concluded that larval suckers spend little time have been dead when eaten. 
in the Brule River and adjacent streams, and that they Although it is considered to be a shallow-water fish, 
drift to Lake Superior soon after hatching. the longnose sucker has been found as deep as 183 

Bailey determined the following growth at the an- m (600 ft) in Lake Superior (Scott and Crossman 1973). 
nuli of longnose suckers from western Lake Superior: Evidence indicates that it moves offshore in the fall 

1—102 mm; 2—152 mm; 3—188 mm; 4—229 mm; 5— (Dryer 1966). The upper lethal temperature for the 
274 mm; 6—340 mm; 7—368 mm; 8—396 mm; 9—424 longnose sucker has been calculated as 26.5°C (79.8°F) 
mm; 10—437 mm; and 11—462 mm. The period of when the fish is acclimated at 14°C (57.2°F) (Black 

annulus formation extended from mid-May to late 1953). 
September. More than 6 years were required for In Green Bay near Oconto (Oconto County), the
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longnose sucker is associated with these species: Green Bay, which are the principal areas of sucker 
brown trout, coho salmon, alewife, rainbow smelt, production, account for 85% of the harvest. Most 

shortnose gar, lake sturgeon, white sucker, burbot, suckers are taken incidentally to the perch, white- 

gizzard shad, northern pike, common carp, common fish, and alewife fishery (Wis. Dep. Nat. Resour. 
shiner, spottail shiner, black bullhead, white bass, 1976c). 
smallmouth bass, rock bass, trout-perch, walleye, The production of suckers in the Great Lakes has 
sauger, and yellow perch. been so strongly dependent on market demand that 

the catch figures are generally not useful as indices 
of abundance. It appears likely, however, that the se- 

IMPORTANCE AND MANAGEMENT vere drop in production which began in 1950 in Lake 
Young longnose suckers probably fall prey to a wide Michigan was at least partly a result of decreased 
variety of predacious fishes and fish-eating birds sucker abundance caused by sea lamprey predation 
(Scott and Crossman 1973). Even large longnose (Wells and McLain 1973). After the lamprey had dec- 
suckers are taken by northern pike. Adult longnose imated the lake trout populations, it turned to other 
suckers in spawning streams are probably taken by species, including the suckers. The increase in sucker 
bear, by other mammals, and by ospreys and eagles. production in 1969-1970 might have been related to 

The longnose sucker has been criticized in the past decreased sea lamprey predation following the im- 
as a competitor with sport fish for space and food plementation of a lamprey control program, and to 
(Everhart and Seaman 1971, Scott 1967). Some re- an increase in the lake trout population. The same 
searchers, however, feel that its value as a forage fish authors have suggested that the abundance of suck- 
may outweigh its negative values as a competitor for ers may have declined to some extent over the years, 
food (Baxter and Simon 1970). Brown (1971), recog- particularly in Green Bay, as a result of the degrada- 
nizing the problem, stated that the “true ecological tion of spawning streams. 
relationship of suckers and game fishes is poorly In Lake Superior, longnose sucker populations are 
understood but it may be that suckers are important at high levels, with strong spawning runs and consis- 
to, or compatible with, good game fish populations tent year class strengths. Still, commercial produc- 
at least in some instances.” tion is limited because of poor market conditions. 

The longnose sucker has contributed to commer- The sucker species could provide substantially more 
cial fish production in Lakes Superior and Michigan. commercial production in Lake Superior than the 
Unfortunately, longnose suckers, white suckers, and 24,000 kg (53,000 Ib) reported in 1974, which was val- 
redhorses (Moxostoma spp.) are categorized together ued at $2,291 (Wis. Dep. Nat. Resour. 1976c). 
in the statistics on yearly catches. In the Lake Supe- In the Great Lakes region, the longnose sucker sel- 
rior catch, the longnose sucker is the most abundant dom bites on a baited hook. It is usually taken 

sucker, followed by the white sucker and the red- by sportsmen by spearing or snagging during the 
horses. In Lake Michigan, the white sucker is most spawning migration. 

abundant, followed by the longnose sucker and the The flesh of the longnose sucker is firm, white, 
redhorses. flaky, and sweet, and is superior to that of the white 

Sucker production in the Wisconsin waters of Lake sucker. It is delicious when smoked; according to 
Michigan in 1974 was 141,390 kg (311,700 Ib), which Eddy and Underhill (1974), “even the most discrimi- 
was valued at $8,787; this was a decrease of 62,500 nating gourmet would have difficulty distinguishing 
kg (137,803 Ib) from the 1973 harvest. The waters of it from more exotic smoked fish.”
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Bullhead Catfish Family— 
Ictaluridae 

Eight species of bullhead catfish in three genera are known from Wis- 
consin. The ictalurid catfishes are representatives of exclusively soft-rayed 
families of North American origin. In the United States and Canada, there 
are 5 genera and 39 species of catfish (Robins et al. 1980). Fossils occur 
in Miocene and Recent deposits. 

The head of the catfish is often large and flattened. The teeth of the 
upper and lower jaws are minute and sharp, and are arranged in broad 
pads. The swim bladder is connected with the Weberian ossicles, and is 
involved in the reception and production of sound. An often elongate, 
adipose fin is a distinctive character. All members possess eight promi- 
nent, whiskerlike barbels, sensitive to touch and to chemical stimuli; in 
addition, many taste buds are distributed over the scaleless bodies of a 
number of species, enabling them to locate food at night when most 
members of the family are active. 

A well-known feature of the bullhead catfishes is the spinous ray in 
the dorsal fin and in each pectoral fin. These spines are morphologically 
hardened bundles of soft-ray elements which have fused embryonically. 
The madtoms have poison glands associated with these spines, which 
are capable of inflicting a painful, but not dangerous, wound. According 
to Walden (1964:195), it is probable that all catfishes are so equipped: 
“The poison glands do not affect the flesh for eating purposes and do not 
seem to bother the predator fish whose powerful digestive juices dis- 
solve any madtom or small stonecat in short order.” 

The spines of the different species of bullhead catfish can be used to 
distinguish one species from another, although, even within the same 
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species, there may be considerable variation of the spine pattern in pop- 
ulations from different parts of its range. A useful key to the identifi- 
cation of Illinois bullhead catfishes through spines was prepared by 
Paloumpis (1963). The supraethmoid-ethmoid complex is also used for 
separating the larger members of the family (Calovich and Branson 1964, 
Paloumpis 1964). 

Wisconsin catfishes can be divided into two groups: the small, secre- 
tive madtoms, and the large species which include the bullheads and the 
trophy-sized fishes. The bullheads and large catfishes provide consider- 
able quantities of food for man. The most valuable commercial species in 
the Mississippi River is the channel catfish, which brings the highest 
price per kilogram and generally has the total highest value year after 
year. 

All of the larger catfishes and bullheads provide excellent food, and in 
many restaurants along the Mississippi River catfish dinners are a spe- 
cialty. The meat is white or beef colored. It is not necessary to skin the 
smaller catfishes before cooking them; skinning is a difficult task, which 
has discouraged many people from preparing these abundant fish for 
the table. 

Bullheads are typical inhabitants of glacial lakes in central North 
America which are nearing extinction. They are adapted to lakes of low 
oxygen content, high carbon dioxide content, abundant vegetation, 

abundant food, low transparency, and increasing acidity. As the lakes of 
Wisconsin age, conditions generally will favor the warmwater fishes, and 
the bullheads in particular. 

As a lake becomes silted in and weed-choked, bullheads explode nu- 
merically and dominate the waters, whereas the former sport and pan- 
fish disappear. This trend is inevitable, and the public should be aware 
that in such lakes the fishing has not “deteriorated,” but shifted to an- 

other group of fishes, just as tasty as, if not more tasty than, the former 
inhabitants. Lakes reaching this stage are winterkill lakes. Bullheads are 
hardy, and among the last survivors before the lake is filled in and be- 
comes extinct. 

Bullheads often withstand domestic pollutants better than most fish. 
Also, along with the bowfins and the gars, they are best able to endure 
high concentrations of poisons, including 20 ppb of antimycin—a con- 
centration at which other species are killed. 

Because bullhead catfish require a minimum of attention and will eat 
any kind of food presented to them, including dog food, members of 
this family make interesting aquarium pets. Since they are hardy, they 
are able to survive aquarium conditions that would eliminate most other 
fishes. 

The blue catfish, Ictalurus furcatus, was formerly included with the 
fishes of Wisconsin, based on two collections reported by Greene (1935) 
for lower Lake Pepin (Pepin County) and the Mississippi River near Lan- 
sing, lowa (opposite Crawford County). Unfortunately, the specimens 
for these reports were not saved. R. Bailey suggested to me and to Dr. 
Greene that these probably were misidentified channel catfish, Ictalurus
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punctatus, which, during the spawning season, lose their characteristic 
spots and could easily be confused with the blue catfish. Dr. Greene con- 
curred, and the blue catfish is herewith removed from the Wisconsin list. 

we P a £ oe ai ua 

Imm. blue catfish 95 mm, Tensaw R. (Baldwin Co.), Alabama (specimen do- 
nated by H. A. Swingle) 

The blue catfish is known from the Mississippi River, but rarely from 
above its juncture with the Missouri River. However, a specimen (INHS 
2148), 23 cm SL, was taken in 1972 from the Mississippi River 2 km north- 
east of Bellevue, Iowa; this site is approximately 32 km (20 mi) from the 
Wisconsin-Illinois line, and its presence there supports the possibility 
that at some time the blue catfish may appear in Wisconsin waters. The 
blue catfish should be watched for, and I have included it in the taxo- 

nomic keys. Suspected specimens should be carried to the nearest De- 
partment of Natural Resources agency or museum for verification.
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Black Bullhead Hybrids: Black bullhead x brown bullhead from 
Lost Lake and Crawfish River (Dodge County) (Wis. 

Fish Distrib. Study 1974-1975). Experimental black 
Ictalurus melas (Rafinesque). Ictalurus—fish cat; melas— bullhead x channel catfish, black bullhead x yellow 

black. bullhead, black bullhead x white catfish, black bull- 
Other common names: bullhead, common bullhead, head x blue catfish (Dupree et al. 1966). 

black catfish, black cat, yellow belly bullhead, 
horned pout, brown catfish, stinger, river snap- 

per. DISTRIBUTION, STATUS, AND HABITAT 
In Wisconsin, the black bullhead is widely distrib- 
uted in the Mississippi River, Lake Michigan, and 
Lake Superior drainage basins. 

—_ The black bullhead is the most abundant of Wis- 
consin’s bullhead species. It is also the most tolerant 

al ea J of agricultural siltation, industrial and domestic pol- 

Se ae eb De oa = lutants, and warm water. In the Lake Superior basin, 
ae = x = the black bullhead is classified as widespread and 

‘ common in the streams of western Lake Superior 
(McLain et al. 1965). Its distribution, especially in 

Adult 182 mm, tributary to Green Bay (Door Co.), 5 June 1962 northern Wisconsin, is much more extensive today 
than it was in the mid-1920s. 

DESCRIPTION Quiet backwaters, oxbows, impoundments, ponds, 
Body robust, rounded anteriorly, compressed poste- lakes, and low-gradient streams are typical habitats 
riorly. Length 165-229 mm (6.5-9.0 in). TL = 1.19 of the black bullhead. In Wisconsin, it was encoun- 

SL. Depth into TL 4.0-5.1. Head length into TL 3.8— tered in water of varying turbidity, most frequently 
4.2. Snout bluntly pointed in lateral view, broadly at depths of less than 1.5 m, over substrates of sand 

rounded in dorsal view; elongated barbels of snout (24% frequency), gravel (20%), mud (16%), silt (15%), 

just anterior to posterior nostrils. Mouth short but rubble (9%), boulders (9%), detritus (4%), clay (1%), 
wide, terminal and horizontal; very long barbel hardpan (1%), and bedrock (1%). It was taken in 
sweeping posteriorly from the upper jaw at each cor- streams of the following widths: 1.0-3.0 m (13% fre- 
ner of the mouth; 4 shorter barbels attached in a quency), 3.1-6.0 m (15%), 6.1-12.0 m (12%), 12.1-24.0 

transverse line on the lower chin. Numerous minute m (31%), 24.1-50.0 m (18%), and more than 50 m 
needlelike teeth in broad bands on upper and lower (11%). 

jaws. Dorsal fin origin about midway between pec- 
toral and pelvic fins; dorsal fin with a stout spine and 
5-6 rays; dorsal adipose fin free at posterior end. Anal BIOLOGY 
fin rays including rudimentaries 15-21; pelvic fin rays The spawning of the black bullhead usually occurs 
8; pectoral fin with a stout spine, slightly rough to from April through June, but ripe females have been 
irregularly toothed on posterior edge; caudal fin taken at Wisconsin’s latitude as late as early August 
somewhat square and slightly notched at midpoint. (Forney 1955). When the water temperature reaches 
Scaleless. Lateral line complete. Digestive tract 0.8- 21°C (69.8°F), saucer-shaped nests 15-36 cm (6-14 in) 
1.5 TL. Chromosomes 2n = 60 (LeGrande 1978). diam are constructed in the mud or sand in water 

Dorsal region of head, back, and upper sides olive 0.6-1.2 m (2-4 ft) deep. The nests are built beneath 
to black; sides lighter; belly whitish to yellowish, matted vegetation, woody debris, or overhanging 
with color usually extending up to base of caudal fin banks, or in muskrat burrows. The female constructs 
as a pale bar. Barbels black or gray. All fins dusky, the nest (Wallace 1967:853): 
with dark edges and black interradial membranes. Th : 5 : 

Breeding male black with bright vellow or white -. . The excavation was carried out by downward fanning 
ee 8 ent y of the pelvic fins, side-to-side fanning of the anal fin, and 

belly. . . . oo, pushing of small pebbles toward the periphery of the 
Sexual dimorphism. Male with distinctive urogen- depression with the snout. The male was nearby, but did 

ital papilla extending posteriorly; absent in female. not assist in the excavation. When the male swam over the 
One opening behind the vent in male, 2 openings nest the female butted him in the abdominal area as if to 
behind the vent in female (Moen 1959). push him from the nest.
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Wallace also described the black bullhead’s spawn- and anal fins, and butting the male’s abdomen when 

ing behavior (p. 853): he swam near the eggs. Spawning occurred five 
ie 1 1 . . . times within 1 hour. The female fanned and guarded 

sca While the male and female-were oriented in opposite the eggs during the first day, but on the second and directions, the male twisted his caudal fin to one side to- si 5 : third days after spawning the male guarded the nest. ward the female so that it was over her head and eyes.... hi laid i lati ith 
The male held the female in this way for a period of several T © C668 are fal in Be atinous masses with a ge- 
seconds. The male’s caudal fin was more tightly twisted latinous coat. Eggs examined 21 hours after spawn- 
over the female’s head, and the ventral part of his body ing had developed to the late gastrula stage (Wallace 
anterior to the twisted portion was arched almost in a 45° 1967). Incubation takes 5-10 days, depending on the 
angle toward the abdomen of the female. The female’s water temperature. 
body was not arched, but her caudal fin was bent slightly A prespawning female black bullhead, 145 mm 
toward and almost over the male’s head. The male’s mouth and 48 g, collected from the Yellow River (Wood 
was widely opened as if “yawning,” and his head was bent County) on 25 May, had ovaries 3% of the body 
slightly pani aie . . During es ap embrace, the fe- weight; she held yellow, maturing eggs 0.8-1.3 mm 
male duivered for about one sec and the eggs were depos- diam. A gravid female, 196 mm and 129 g, taken from ited. The male remained perfectly still with its mouth wide 5 scone ; Green Bay (Door County) on 6 June had ovaries 6.3% open. ... After the female stopped quivering both fish i 
moved apart and lay still for about one min on the bottom of the body weight; she held 4,005 yellow, almost ma- of the aquarium. ture eggs, 1.2-1.6 mm diam. 

The care of eggs by adult black bullheads is un- ; 88S Dy After a spawning session, both fish began to swim as doubtedly similar to that of the brown bullhead (see 
before; the female passed back and forth over the p. 704), in which the pelvic fins slap up and down 
center of the nest, fanning the eggs with her pelvic against the egg mass, or the anal fin swirls the mass
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about or even breaks it up. The process undoubtedly The age of the black bullhead at maturity is vari- 
provides the developing eggs with needed aeration able. According to Cross (1967), maturity is reached 
and water circulation. in the second, third, or fourth summer, depending 

After the eggs hatch, the activity of paddling with on the population density and the available food sup- 
the pelvic fins stops and the parent fish become more ply. 
gentle in their movements, swimming about over the Most large black bullheads seldom exceed 318 g (0.7 
young that huddle in a compact mass encumbered Ib). The largest known Wisconsin fish, caught in 1978 
by large yolk-sacs. By the time the young are able to from Black Oak Creek (Vilas County), weighed 1.30 
rise off the bottom, they have attained most of their kg (2 Ib 14 oz). The official record for a black bull- 
coal black coloration. The young fish rise in a cloud- head caught on sporting tackle is a 610-mm, 3.63-kg 
like mass, and the parents try to keep them in a com- (24-in, 8-Ib) fish taken from Lake Waccabuc, New York, 
pact school by swimming about them, more or less in in 1951 (Walden 1964). 
circles; the involuntary orientation of the young Black bullheads are opportunistic feeders that eat 
themselves, which is almost entirely visual, also whatever food is available, including carrion. In the 

tends to keep them together. Wisconsin River below the Du Bay Dam (Portage 
Young black bullheads remain in compact, swirl- County), the diet of this species consisted of Daphnia, 

ing schools for 2 weeks or longer; the conspicuous cladocerans, Cyclops and other copepods, plant mat- 
“balls” of black young move slowly near the surface ter, and unidentifiable insect parts and eggs (K. 
in moderately deep water. When the young are about McQuin, pers. comm.). 
25 mm long, the adults cease tending them, and the Black bullheads 40-60 mm SL from Cedar Creek 
fry move into shallower water (Forney 1955). Their (Ozaukee County) had eaten: Hyallela azteca (54.1% 
first food consists of cladocerans, other small crusta- of volume), insect larvae (19.2%), organic detritus 
ceans, and very small midge larvae. (15.1%), insect adults (4.5%), fungi and algae (3.4%), 

The growth of young-of-year black bullheads in small crayfish (2.8%), and miscellaneous (0.9%) (Dar- 
Wisconsin has been recorded as follows (Paruch nell and Meierotto 1962). In the Madison area (Pearse 

1979): 1918), they had eaten, in addition to the above foods, 

snails, leeches, oligochaetes, silt, and debris. Midge 
‘ean larvae make up a considerable part of the black bull- 

No. of |§ ——___ , head’s insect food. 
Date Fish’ Avg Range tocation In Iowa (Harrison 1950), about 5% of the black bull- 

18 July 5 24 23-28 St. Croix R. (Burnette Co.) head's diet consisted of fish—scales and chunks of 
a Soot “a 23 26-31 litte Yellow R: Uuneau Co} larger fish found dead on the stream bottom. Welker 
19 Sept. 1 41 Little Sturgeon Bay (Door Co.) (1962) found that as many as 18% of the stomachs 

examined in August in Clear Lake, Iowa, contained 
Analysis of the annuli on the pectoral spines of 330 small fish (common shiners and perch?). Larger bull- 

black bullheads, taken from the Wisconsin River be- heads also take frogs (Carlander 1969). 

low the Du Bay Dam (Portage County), showed the Young black bullheads exhibit two distinct feeding 
following growth: 1—67 mm; 2—148 mm; 3—181 periods—one just before dawn, and another shortly 
mm; 4—209 mm; and 5—233 mm (Paruch 1979). after dark (Darnell and Meierotto 1962). Little food of 
These fish, collected 21 January 1977, showed the any kind is taken during the middle of the day or 
following length-weight relationship: Log W = around midnight. Nocturnal fishes, such as bull- 
—10.811311 + 2.924228 Log L, where W is total heads, rely largely on smell, taste, and touch and 
weight (g) and L is total length (mm). probably also use their lateral-line sense organs to lo- 

In Little Lake Butte des Morts (Winnebago County), cate and catch their prey (Lagler et al. 1977). 
black bullheads averaged 206 (147-295) mm TL. The Bullheads are highly sensitive to touch on the head 
length-weight relationship of the mid-October sample and on the barbels. Taste buds are densely concen- 
is expressed by Log W = —0.60180 + 2.92398 Log L, trated on the barbels, but they also occur in the 
where W is total weight (g) and L is total length (in). pharynx and the gill cavity, and cover the head and 
According to Priegel (1966a), no stunting existed in the body (Bardach et al. 1967); there are an estimated 
this population and the sample fell into three age- 100,000 taste buds on the body of a bullhead (Lagler 
classes: II—198 (157-216) mm; IJJ—211 (150-267) et al. 1977). Taste alone can guide the black bullhead 
mm; and IV—267 (239-295) mm. The condition value to sources of chemical stimuli many fish lengths away. 
(Kj) calculated from Priegel’s figures was 1.30. Bullheads are also able to perceive both the intensity



700 Bullhead Catfish Family—Ictaluridae 

of, and the range of, vibrations from 16 to 13,000 In Wisconsin, the black bullhead is used as setline 

cycles per sec (Lagler et al. 1977). bait for taking large catfishes, such as the flathead 
Subadult black bullheads avoided the effluent-out- catfish. Fishing for the black bullhead is a sport val- 

fall area of a power plant on Lake Monona (Dane ued by many fishermen; it bites readily on worms, 
County), where the maximum temperatures ap- liver, or almost any kind of meat. G. W. Peck, a for- 

proached 35°C in summer and 14°C in winter (Neill mer governor of Wisconsin and a noted humorist of 
and Magnuson 1974). When acclimated at 23°C his day, immortalized the bullhead (Peck 1943:17) 

(73.4°F), the upper lethal temperature for the black 
bullhead was 35°C (95°F) (Black 1953). At summer . . . There is a species of fish that never looks at the clothes 
temperatures of 22-23°C (71.6-73.4°F), black bull- of man who throws in the bait, a fish that takes whatever 
heads survived for 24 hr at oxygen thresholds as low is thrown to it; and when once it has hold of the hook never 

as 3.4 ppm (Moore 1942). In Michigan, this species tries to shake a friend, but submits to the inevitable. . . . It 

was reported to survive winterkill oxygen concentra- isfish that.is‘a friend of the poor:and one that:will:sacri- 
tions of less than 0.2-0.3 ppm (Cooper and Wash- fice itself in the interest of humanity. That is the fish that 

the state should adopt as its trade-mark and cultivate 
burn 1949). . . friendly relations with and stand by. 

Black bullheads are gregarious and travel in large 
schools. Adults apparently remain inactive in weed According to Wisconsin Fishing Regulations (1980), 

beds during the daylight hours, but they move all bullheads are by definition game or sport fish. At 
around extensively at night. Trapping evidence sug- present there are no restrictions on bullhead fishing— 
gests that the adults tend to forsake pools during the no closed season, no daily bag limit, and no mini- 
early hours of darkness, and return shortly before mum length. 
dawn (Darnell and Meierotto 1965). Carlander and The flesh of the black bullhead is firm, reddish or 

Cleary (1949) noted that black bullheads came into pink, and well flavored when taken from clean water. 
shallow water more frequently between 0200 and Connoisseurs compare the flavor to that of chicken. 
0600 hr than at other times. According to Darnell and The flavor of bullheads from muddy waters can be 
Meierotto, feeding behavior is associated with pe- improved by keeping them alive in clean water for a 
riods of dim light, whereas schooling takes place dur- weekvormiore. 

ing periods of bright light. . Man has used the black bullhead extensively as a 
During late April and early May following a heavy test fish. It adjusts readily to laboratory conditions, 

rain, more than 2,500 sexually mature black bull- and does not jump from containers, although it does 
heads engaged in a nocturnal movement from an Il- foul the water in holding tanks (Ward and Irwin 
linois reservoir, over the spillway, and into the 1961). Its desirability as a test animal for toxic chemi- 
stream below (Lewis et al. 1968). cals stems from its ability to resist larger doses of tox- 

In Cedar Creek (Ozaukee County), 50 black bull- ins than most fishes (McCoy 1972, Ferguson and 
heads were associated with the following species: Goodyear 1967). As a test fish, the black bullhead has 
white sucker (4), central stoneroller (15), creek chub contributed to our knowledge of the function of the 
(10+), bluntnose minnow (1), fathead minnow (6), pituitary gland (Chidambaram et al. 1972). 

common shiner (20), sand shiner (1), tadpole mad- In the Wisconsin waters of the Mississippi River, 

tom (15+), and green sunfish (1). commercial fishermen take bullheads (all species) 
most effectively by setlines, which account for 64% of 

IMPORTANCE AND MANAGEMENT the total catch (Finke 1967). Next in effectiveness are 
Black bullheads are eaten by white bass (MacKay bait nets and slat nets. During 1960-1965, a total of 
1963), but predation by other fishes, even on young 123,000 kg (272,000 Ib) of bullheads was taken; the 
black bullheads, is apparently very low (Scott and best catches occurred in Pools 8 and 9 of the Missis- 
Crossman 1973). This may be a result, in part, of the sippi River. During 1976 (Fernholz and Crawley 
protection afforded by the bullhead’s spines and its 1977), 13,989 kg (30,841 Ib) were taken; this catch was 
nocturnal habits. Turtles have purportedly preyed on valued at $4,626, and the black bullhead probably 
bullheads, and there is a report of a 150-mm (6-in) constituted a large part of the catch. 
bullhead being caught by a 0.6-m (2-ft) snake. During 1970, contract fishermen removed 30,800 

The black bullhead is a host to the glochidial stage kg (67,900 Ib) of bullheads (all species) from inland 

of the mollusks Megalonaias gigantea and Quadrula waters of Wisconsin (N. J. Miller 1971). In 1974, the 

pustulosa; it is one of several fish species responsible commercial harvest from fyke nets in southern Green 
for the distribution and perpetuation of those clam Bay produced 15,085 kg (33,257 Ib) of bullheads, 

species. which was valued at $4,165 (Wis. Dep. Nat. Resour.
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1976c). An improved market could definitely lead to V grew from an average of 100 g (3.6 oz) to an average 
an increase in the total catch of bullhead species, as of 254 g (9 oz) in 3.5 months. In Kansas (Cross 1967), 

there are many other areas of Lake Michigan and ponds in which fish were given a daily supplemental 
Green Bay where bullheads could be harvested. In feeding of food pellets produced black bullheads 152 
1979 “bullheads” were bringing $2.20/kilo ($1/Ib) on mm (6 in) or more in the year that they hatched; these 
the retail market in Wisconsin food stores. fish weighed 450 g (1 Ib) or more as yearlings. All- 

The black bullhead is a good farm pond species, baugh and Manz (1964) noted that when large 
and, in waters where winterkill is prevalent, it is fre- amounts of food were artificially fed to bullheads there 
quently the only survivor. When bullheads are planted was greater growth in males than in females. 
in a pond, only they should be planted, as they will In the 1960s, Beaver Dam Lake (Dodge County) 
probably overtake any other species present (Sharp was treated with the toxicant rotenone to control 
1950). When the black bullhead becomes overabun- carp. The result was an explosion of black bullheads 
dant, as it usually does, stunting occurs; the result is by the mid-1970s, and in 1978 there was still a large, 
a fish which is too small to be desirable. Carlander fishable bullhead population. According to Carlan- 
(1969) noted that growth tended to be faster in clear der (1969), after treatment of a reservoir in Iowa with 
water than in turbid water, and in uncrowded rather rotenone, bullheads became very abundant; yet a 
than crowded conditions. In Iowa, bullheads trans- few years later they were almost nonexistent in the 
ferred from crowded to uncrowded conditions at age area.
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Brown Bullhead with lighter yellowish brown to gray; ventral region 

of head and belly pale yellow to white. Barbels dark 
brown to nearly black, except sometimes barbels on 

Ictalurus nebulosus (Lesueur). Ictalurus—fish cat; neb- chin yellow to white. All fins dark colored, similar to 
ulosus—clouded, in reference to mottled color- body; interradial membranes slightly darker, but not 

ing. black. 

Other common names: northern brown bullhead, Hybrids: Brown bullhead x black bullhead from 
marbled bullhead, marble cat, speckled bull- Lost Lake and Crawfish River (Dodge County) (Wis. 
head, speckled cat, common bullhead, bull- Fish Distrib. Study 1974-75). Experimental brown 

head, brown catfish, common catfish, small cat- bullhead x yellow bullhead, brown bullhead x blue 

fish, catfish, mudcat, red cat, horned pout, catfish, brown bullhead x white catfish, brown bull- 
bullpout. head x channel catfish (Dupree et al. 1966). 

SYSTEMATIC NOTES 
Two subspecies are recognized; Ictalurus n. nebulosus 
(Lesueur) is found in Canada, the Dakotas, Wiscon- 

sin, and the northern part of the Ohio Valley to Vir- 
ginia; this form has been extensively introduced into 

western North America. Ictalurus n. marmoratus ranges 
: from southern Illinois and northeastern Oklahoma to 

ee the Carolinas and Florida. 

; . DISTRIBUTION, STATUS, AND HABITAT 
Adult 275 mm, Half Moon L. (Eau Claire Co.), mid-Apr. 1978 In Wisconsin, the brown bullhead occurs in the Mis- 

sissippi River, Lake Michigan, and Lake Superior 
DESCRIPTION drainage basins. Its major distribution is in the Rock 
Body robust, rounded anteriorly, compressed poste- and Fox-Wolf River systems of eastern Wisconsin, 
riorly. Length 152-254 mm (6-10 in). TL = 1.20 SL. and the Chippewa River system of northwestern 

Depth into TL 3.8-5.7. Head length into TL 3.8-4.4. Wisconsin. It is present in the shallows of Lake Su- 
Snout bluntly pointed in lateral view, broadly rounded perior, Lake Michigan, and Green Bay, and in the 
in dorsal view; elongated barbels of snout just ante- lower courses of tributary streams. Although the 
rior to posterior nostrils. Mouth short but wide, ter- brown bullhead has been reported frequently from a 
minal and horizontal; upper jaw slightly longer than number of sources, some of these reports may be in 
lower jaw, with very long barbel sweeping poste- error since this species is easily confused with other 
riorly from the upper jaw at each corner of the species of bullheads. I have plotted these reports on 
mouth; 4 barbels (outer 2 much elongated, inner 2 the distribution map when there was no opportunity 
thinner and shorter) attached in a transverse line on to check them. As an example, I have not personally 
the lower chin; numerous small, sharp teeth ar- seen a specimen of the brown bullhead from the Wis- 
ranged in several irregular rows on upper and lower consin River basin, although it is commonly reported 
jaws. Dorsal fin origin at about midpoint between from that system. 
pectoral and pelvic fins; dorsal fin with a stout spine According to McLain et al. (1965), the brown bull- 
and 6-7 soft rays; dorsal adipose fin free at posterior head is widespread in the mouths of tributaries to 
edge. Anal fin rays, including rudimentaries, 21-24; Lake Superior; in these waters its numbers fluctuate 
pelvic fin rays 8. Pectoral fin with an elongated spine widely from year to year, but the trend is toward in- 
barbed on posterior edge, near tip with barbs in- creasing numbers. Priegel (1967) described the brown 
clined toward the base of spine, barbs becoming erect bullhead as abundant in Lake Winnebago. In gen- 
near middle, and barbs inclined toward the tip near eral, its distribution over Wisconsin is sporadic and 
base (see Key, p. 146). Caudal fin edge straight, oc- its numbers are low. It is the least common of the 
casionally slightly indented at middle. Scaleless. Lat- state’s three species of bullheads, and its status has 
eral line complete. Digestive tract coiled, 1.1-1.4 TL. probably changed little since the 1920s. 
Chromosomes 2n = 60 (LeGrande 1978). The brown bullhead inhabits the weedy waters of 

Dorsal region of head, back, and upper sides yel- warmwater lakes and sluggish streams. In the Mis- 
lowish brown to almost black; lower sides mottled sissippi River it occurs in sloughs and backwaters. It
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inhabits vegetated shallows over sand, rock, mud, of old stumps, stovepipes, old pails, and terra-cotta 

and silt, in lakes and low-gradient streams of varying pots are occasionally used as nesting sites (Mansueti 

size. It is tolerant of high turbidity and of waters and Hardy 1967). 

modified by domestic and industrial effluents. It is not clear how a male and female, instead of 

two fish of the same sex, come to occupy a single 

BIOLOGY cavity (Breder 1935). That the brown bullhead is ca- 

S . . d July i tral and pable of sound production is well known, but there 

Dean Wiican in une an b ae ba 7 mute ah is no evidence that sounds have any significance in 

southern oh Be ah Thies 1 er t a in e sex recognition. While the nest is being constructed, 

belli oad part of the state. oe nt e brown the male drives other bullheads away from the nest- 

ullnead's range Spawning occurs’'rom ate spring to ing area. Breder and Rosen (1966) described spawn- 
August or later; it takes place from early morning to ing behavior (pp.252-253): 

1400 hr, at water temperatures of 21-25°C (69.8-77°F) 8 PP- . 

(Mansueti and Hardy 1967). After the nest has finally been completed the prospective 

The brown bullhead’s nest is constructed by the fe- spawners spend much time lying side by side with their 
male, occasionally by both parents. They suck peb- tails to the opening of the nest. At such times they are usu- 

bles up to 25 mm (1 in) diam into their mouths and ally in contact. This quietude is interrupted by swimming 

ta t th f th ti ite (H. M in a nearly circular path, the one fish following close to the 

S a ae d en aWay trom te nesting be e (H. M. other. Not infrequently at such times the tail of one fish, 

mit and iarron 1903). Nests consist 0 Open exces apparently accidentally, slips into the mouth of the other. If 

vations in sand, gravel, or (rarely) mud, often in the the latter closes down on the intruded tail, and it usually 

shelter of logs, rocks, or vegetation. Occasionally does, the bitten fish leaves the nest as though shot from a 

these fish excavate holes in a bank, or make burrows gun. After swimming about for a while it returns to resume 

up to 1 m long under roots of aquatic plants. Cavities the activities.
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Finally they flatten so as to merge into a simple quiescent time required for brown bullhead eggs to hatch is 
side to side position, with the fish facing in opposite direc- 6-9 days, at water temperatures of 20.6-23.3°C (69- 

tions and with their bodies in close contact. In this position 74°F). The young remain on the nest for 7-10 days 
spawning takes place. A large number of ‘spawning acts’ before they begin to swim. When the young rise off 
occur until the female is emptied of her eggs. . . . They are the bottom, the parents swim about them in circles 
of a pale cream color, and average about 3 mm in diame- to keep them in a compact schol: strays are caught 

ter. . . . Between every spawning effort the fishes rest, the ta their parents! mouths and returned tothe school 
male in a seemingly exhausted state. The fishes separated P ee i : . 

slightly at this time, sometimes the male half falling to one In nature, it is probably at this point that the parents 
Side: leave the young to fend for themselves. H. M. Smith 

. and Harron (1903) observed young brown bullheads 
From 50 to 10,000 or more eggs are deposited per being sucked into the parents’ mouths, but the par- 

nest. The eggs are adhesive, and are deposited in ents did not always blow them out, ”. . . the feeding 
clusters, similar to masses of frogs’ eggs. One or both instinct becoming paramount to the parental in- 
parents usually guard the clusters (Mansueti and stinct.” 

Hardy 1967). According to Adams and Hankinson The details of the brown bullhead’s embryonic de- 
(1926), the guard fish, generally a male, suffers sores velopment from cleavage (1.2 hr) through hatching 
on his head when he locks jaws with another male (8 days) to the 17-day stage are given by Armstrong 
while fighting for possession of the female brooding (1962). The length at hatching is 4-8 mm (Mansueti 
the eggs. However, this behavior has not been sup- and Hardy 1967). Fish (1932) illustrated and de- 
ported by more recent observations. scribed the 22-mm stage. 

A partially spawned, 193-mm brown bullhead fe- Juvenile brown bullheads sometimes occur in 
male, collected 15 July from Chippewa Lake (Bayfield schools throughout their first summer. Such schools 
County), had ovaries 9.6% of body weight (98 g); she are found among vegetation, or near other suitable 
held an estimated 2,190 yellow-white eggs, 2.2-2.7 cover over more or less muddy bottoms. 
mm diam. In Minnesota (Vessel and Eddy 1941), fe- In Wisconsin, the growth of young-of-year brown 

cundity for females 267-330 mm (10.5-13 in) long bullheads has been recorded as follows (Paruch 
was 6,180-13,000 eggs. 1979): 

The brooding of the eggs, an elaborate procedure, 

has been described by Breder and Rosen (1966:253): mm) 

While it is difficult to be certain about the identity of the Date Nai! Avg Range Location 

sexes of these fish, it appears that the female does most of yaJuly 16 ~~ 36 ~-25-39 ~~-LaMotteL. (Menominee Co.) 

the actual incubating and the male most of the guarding. . . . 2 Aug. 1 39 White Clay L. (Shawano Co.) 

Both fishes were seen to defend their nest against other 19 Aug. 1 51 L. Poygan (Winnebago Co.) 

fishes. . . . Both parents were seen to incubate the eggs. . . . 28 Aug. 1 57 L. Winnebago (Fond du Lac Co.) 

Most commonly the parent fish would settle down on the i Sete a 2 =, Perea (henecen 
eggs with the ventral fins widespread so as to cover the 15 Oct. 1 89 Rock R. (Dodge Co.) _ 
mass as well as possible. Then these fins would be paddled TT 
up and down alternately, actually striking the eggs with li brow bulkheads from Little Lake: Butte des: Moris 
considerable force. In a few days, generally, this action was : : s 
sufficient to loosen the mass entirely from its place of at- (Winnebago County), Priegel (1966a) determined the 
tachment, so that subsequent fanning caused the entire following age-length relationships: II—152 mm; III— 
mass to slap up and down against the floor of the tank in 193 (157-246) mm; IV—241 (203-290) mm; and V— 
rhythm with the fins. Sometimes this kind of motion was 267 (257-290) mm. The condition value (K,,) averaged 
alternated with a swimming movement in which the long 1.25. A 243-mm fish from Green Bay (Door County) 
anal fin served to swirl the mass about, or even break it up. showed the following growth at the annuli of the 
At other times the mass of eggs, or part of it, would be pectoral spine: 1—66 mm; 2—135 mm; 3—162 mm; 
taken into the mouth and ‘chewed’ in such a fashion as to and 4—216 mm (Paruch 1979). The age of the brown 
roll them over and over, after which they would be ejected bullhead at maturity is 3 years (Mansueti and Hardy 

with considerable violence. Rarely at such times would the 1967). 

cluster be ewallowed: In Wisconsin, the brown bullhead seldom attains a 
After the eggs hatch, the adults stop brooding ac- length of more than 356 mm (14 in). A 1.70-kg (3-lb 

activities but continue swimming over the young 12-0z) brown bullhead was taken from Nelson Lake 
which are encumbered by large yolk-sacs. The (Sawyer County) in 1972. The maximum length re-
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ported for this species from Florida lies between 508 20.8-21.4°C (69.3-70.6°F). At an acclimation temper- 
and 532 mm (20 and 21 in) (Carlander 1969). A 2.50- ature of 36°C (96.8°F), the upper lethal temperature 
kg (5-lb 8-oz) brown bullhead was reported from Veal for brown bullheads was 37.5°C (99.5°F)(Brett 1944); 

Pond, Sandersville, Georgia, in 1975. at an acclimation temperature of 21°C (69.8°F), the 
Fry and fingerlings up to 75 mm long eat zooplank- lower lethal temperature was — 1.0°C (30.2°F). 

ton and chironomids; adult brown bullheads feed on The brown bullhead has been observed swimming 
insects, fish, fish eggs, mollusks, and plants (Carlan- in 37-38°C (98.6-100.4°F) water, and entering 40°C 
der 1969). In lakes near Madison, Wisconsin, brown (104°F) water for worms (Trembley 1960). In a shal- 
bullheads consumed dipteran larvae, amphipods, low Michigan pond (Bailey 1955), many brown bull- 
cladocerans, oligochaetes, a wide variety of aquatic heads died as a result of a 38°C (100.4°F) water tem- 
insects in lesser amounts, and traces of plants and perature. In a thermal gradient trough, this species 
algae (Pearse 1918). In Green Lake (Green Lake selected 27.3°C (81.1°F) (Richards and Ibara 1978). 
County), they consumed these foods (in order of de- The brown bullhead’s metabolic rate is positively 
creasing amounts): snails, crayfish, plants, oligo- correlated with temperature, and inversely corre- 
chaetes, insect larvae, amphipods, algae, clams, lated with carbon dioxide concentrations. It tolerates 

mites, and cladocerans. In Lake Mendota brown bull- relatively high carbon dioxide levels and low oxygen 
heads ate insect larvae, algae, amphipods, plants, levels (Emig 1966a). In the Monongahela River of 
leeches, cladocerans, crayfish, ostracods, bottom West Virginia, it is the most abundant species and is 
ooze, insect pupae, snails, and sand (Pearse 1921a). distributed over the widest pH range (3.4-7.7) of any 

Availability frequently determines what kind of species present (Klarberg and Benson 1975). It en- 
food is ingested. In Illinois (Forbes and Richardson dures a maximum salinity of 7.6 ppt (Mansueti and 
1920), the brown bullhead’s diet consisted chiefly of Hardy 1967). In a southeastern Michigan winterkill 

“small bivalve mollusks, larvae of insects taken upon lake, many brown bullheads survived with a mini- 

the bottom, distillery slops, and accidental rubbish. mum concentration of dissolved oxygen of 0.5—0.05 
One of the specimens had eaten 18 leeches.” In West ppm, and some survived in another lake at 0.2-0.0 
Virginia (Klarberg and Benson 1975), the brown bull- ppm (Cooper and Washburn 1949). In Minnesota 

head met its nutritional requirements with detritus, (Moyle and Clothier 1959), the brown bullhead sur- 

sewage, and acid-tolerant invertebrates. Small fishes vived well when oxygen levels fell to near 1 ppm. 
are eaten occasionally. The brown bullhead has con- This species, as well as the other bullheads, is known 
sumed the eggs of the cisco in Lake Ontario, of her- to gulp air at the surface when the oxygen level in 
ring in the Potomac River, and of lake trout in Maine, the water becomes critically low. 
Ontario, and Quebec (Emig 1966a). In one study (Loeb 1964), the respiratory move- 

Brown bullheads are able to find food by an elabo- ments of the brown bullhead were more or less con- 
rate sense of taste. Brown bullheads (19-27 mm) tinuous at all temperatures, but were so weak at water 

from Michigan lakes could find distant chemical temperatures below 2.8°C (37°F) that the pulsations 
clues by means of taste alone and moved in the direc- could not be counted. At any temperature above 6.1°C 
tion of the chemical in the absence of a current (Bar- (43°F), steady pulsations occurred, increasing as the 

dach et al. 1967). Even inactivation of their sense of temperature rose (e.g., 73 per min at 16.7°C). 
smell did not impair their searching ability. Typically, In the late fall, brown bullheads become sluggish 
a bullhead showed that it had perceived a chemical and cease feeding, often “mudding up,” or burying 
by what is best described as a startled response: the themselves in soft, leafy ooze along the shore. This 
barbels stiffened, the body became rigid for a mo- occurs at temperatures ranging from 0.0 to 18.3°C (32 

ment, the head began a slow to-and-fro movement, to 65°F) (Loeb 1964). At water temperatures of 7.8°C 
and the fish almost immediately began swimming. (46°F) and above, the mouth could always be seen 
Keast and Welsh (1968) noted that brown bullheads above the mud or in a funnel just below the surface, 

were exclusively nocturnal in their feeding habits in and breathing was more or less continuous. At 6.1°C 
Canadian lakes. In Iowa, they are reported to feed at (43°F) and below, sediment often covered the mouth 
all times of the day and night (Harlan and Speaker for hours and some fish remained buried for up to 24 
1956). hours. 

The brown bullhead prefers warm water. In On- Loeb (1964) recorded the brown bullhead’s method 

tario (Hallam 1959), it is associated with rock bass of entry into bottom sediments consisting of organic 
and smallmouth bass in waters at temperatures of ooze, silt, and dead leaf material (pp. 120-121):
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... Bullheads buried themselves by thrusting with the IMPORTANCE AND MANAGEMENT 
head in a strong swimming motion. The fish, which may The brown bullhead has been preyed on by lam- 
have been meandering leisurely over the surface of the preys, northern pike, snapping turtles, water snakes, 

mud, quickly tilted the body to an almost vertical position and green herons. In Lake Winnebago during the fall 
and drove its entire body into the sediment with a few vig- of 1960, it was the third most important fish item con- 
orous movements. . . . After burial the body was covered sumed by the walleye; only perch and white bass 
with from a fraction of an inch to 2 inches of sediment, the ‘ 
long axis of the body was horizontal or tilted slightly u were consumed more often (Priegel 1963b). S “4 con as he glochidial stage toward the mouth, and the lateral axis was canted at an The brown bullhead is a host ot CBOE 8 
angle so that one gill more or less pointed up and the other of the mollusks Megalonaias gigantea and Quadrula 
down. . . . The mouth was brought into direct contact with pustulosa; it is one of several fish species responsible 
the free water above the surface of the mud . . . [or] the for the distribution and perpetuation of those clam 
buried fish often made contact with the free water by suck- species (Hart and Fuller 1974). 
ing in the inch or 2 of sediment covering its mouth and Man catches the brown bullhead over soft bottoms 

expelling the material in geyser fashion from the upper- where there is considerable aquatic vegetation. The 
most gill. In this way a small funnel was formed over the hook is baited with raw beef, worms, or minnows. 

mouth and the material from the funnel was deposited Hankinson has caught the brown and yellow bull- 

over - gill ina . Se a | oP of the heads with just a chunk of beef tied on a line and no 
mend water extended from the gill to the top of the hook (Adams and Hankinson 1926); often two fish 

, were pulled in at one time, persistently clinging to 
the meat. 

Loeb noted that two bullheads were found buried for The name “red cat” for the brown bullhead comes 
several hours beneath 5 cm of sediment without the from the red color of its flesh, and is used in areas 
presence of a funnel over the mouth, or of a passage where the dressed fish are sold commercially. The 
over the gill. It was assumed that they were breath- meat is very tasty, especially when the bullheads are 
ing through the 5 cm of organic botton ooze. Older taken from clean water in the spring and fall. 
literature references indicate that bullheads can sur- Man has used the brown bullhead extensively as a 
vive several weeks in cocoonlike clods of nearly dried laboratory animal in assessing physiological changes 
mud; however, this has not been substantiated. involving factors such as temperature, taste, oxygen 

In Folsom Lake, California, tagged brown bull- consumption, blood group agglutinins, and osmo- 
heads released at the point of capture traveled an regulation. It has also been subjected to toxicity 
average of 2.7 km (1.7 mi) before they were recap- bioassays, in which petroleum refinery effluents 
tured by anglers. The longest distance traveled was were used as toxicants (Bunting and Irwin 1965). 
26.1 km (16.2 mi) (Emig 1966a). In the commercial harvest of bullheads in Wiscon- 

The brown bullhead is chiefly nocturnal in its hab- sin (see Black Bullhead, p. 700), the brown bullhead 
its, and its activity increases with the approach of is categorized with the black and yellow bullheads, 
darkness. Normally, this species is not accused of and probably constitutes only a small portion of the 
stirring up bottom sediments and creating turbidity; bullhead catch; it is probably of the least importance. 
however, when brown and yellow bullheads were re- Restaurants prefer to buy brown bullheads (called 
moved from an Alabama pond which had been very “red cats”) which weigh 91-318 g (0.2-0.7 Ib) alive, 
muddy for years, the water clarified, and a dense so that one or more fish can be included in one serv- 
growth of algae followed (Tarzwell 1941). Tarzwell ing (Swingle 1957a). 
concluded that the bullheads limited vegetation and In Connecticut (Marcy and Galvin 1973), brown 

food production by stirring the bottom and by keep- bullheads constituted 12% of the estimated number 
ing the water continually roiled. of fish caught in the heated discharge canal of a nu- 

In 1969, 35 brown bullheads were collected from clear power plant. The winter catch (January through 
Rebholz Creek (Door County) along with bluntnose March) at the canal was dominated by carp, followed 
minnow (35), fathead minnow (4), golden shiner (18), by the brown bullhead. During this period the tem- 

northern redbelly dace (24), common shiner (64), perature of the canal water was about 14°C (57.2°F). 

spottail shiner (3), blacknose shiner (50), sand shiner There appeared to be a relationship between water 
(6), mimic shiner (12), black bullhead (25), white temperature and the catch rate: on and immediately 

sucker (3), smallmouth bass (1), rock bass (10), after days when the plant reduced its power level 

pumpkinseed (7), northern pike (2), central mud- enough to lower the water temperatures consider- 
minnow (5), and banded killifish (10). ably, the catch rate declined.
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In Alabama (Swingle 1957), production of brown methods should yield approximately 1,110 kg/ha (990 
bullheads of marketable size, and up to 835 kg/ha Ib/acre). 

(745 Ib/acre), was obtained with supplemental feed- In Wisconsin, the potential exists for raising brown 

ing. The most successful method of commercial pro- bullheads in the heated waters of power plants and 
duction was to stock fry or fingerlings in the spring, in the tertiary pools of sewage plants. 
fertilize the pond until fall, feed the fish during fall Brown bullhead populations are subject to very 
and spring months, and drain the pond before repro- limited management in most states. They are classi- 
duction could occur. Such fish were 151-227 g (0.3-0.5 fied as sport fish in Wisconsin, California, Michigan, 
Ib)—the most desirable size for sale. Swingle (1957a) and Washington; as panfish in Massachusetts; and as 
provided a summary of management procedures for rough or coarse fish in Minnesota, North Carolina, 
the commercial production of brown bullheads; these Alabama, and Florida.
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Yellow Bullhead head x white catfish, yellow bullhead x brown bull- 
head, yellow bullhead x black bullhead, yellow bull- 
head x flathead catfish (Dupree et al. 1966). 

Ictalurus natalis (Lesueur). Ictalurus—fish cat; natalis— 
having large nates, or buttocks. DISTRIBUTION, STATUS, AND HABITAT 

Other common names: northern yellow bullhead, In Wisconsin, the yellow bullhead occurs in the Mis- 
yellow catfish, yellow cat, yellowbellied cat, sissippi River, Lake Superior, and Lake Michigan 
brown catfish, brown bullhead, white-whis- drainage basins. It does not generally occur in Lakes 
kered bullhead, Mississippi bullhead, greaser. Superior and Michigan, except in Green Bay. It is 

widespread in inland waters, except in the southwest 
quarter of the state, where it is sporadic. 

The yellow bullhead is generally uncommon in the 
Mississippi River, and common in the Wisconsin 

pe es River and in Lakes Winnebago and Poygan. It is the ee ys oe | 
gb , 2) 7 typical bullhead in clear, medium-sized streams and 

| “ 3 << clear lakes. Its status in Wisconsin appears to be se- 
BS . cure. 

In Wisconsin, the yellow bullhead was encoun- 
tered most frequently in clear water at depths of 

145 mm, Plover R., Stevens Point (Portage Co.), 2 Oct. 1968 0.6-1.5 m, over substrates of sand (26% frequency), 

mud (21%), gravel (18%), silt (13%), boulders (13%), 

DESCRIPTION rubble (5%), detritus (3%), and bedrock (1%). It was 

Body robust, rounded anteriorly, compressed poste- occasionally found in slightly turbid to turbid waters. 
riorly. Length 165-235 mm (6.5-9.3 in). TL = 1.19 It occurred in quiet, weedy sectors of lakes and res- 
SL. Depth into TL 4-5.2. Head length into TL ervoirs, and in streams of the following widths: 
3.7-4.5. Snout bluntly pointed in lateral view, broadly 1.0-3.0 m (13% frequency); 3.1-6.0 m (17%); 6.1-12.0 

rounded in dorsal view; elongated barbels of snout m (17%); 12.1-24.0 m (29%); 24.1-50.0 m (8%); and 
just anterior to posterior nostrils. Mouth short but more than 50 m (17%). It has occasionally been taken 
wide, terminal and horizontal; upper jaw slightly from streams with gentle to fast currents. 
longer than lower jaw, with very long barbel sweep- 
ing posteriorly from the upper jaw at each corner of BIOLOGY 
the mouth; 4 shorter barbels attached in a transverse The spawning of the yellow bullhead may begin in 
line on the lower chin; numerous minute, needlelike May, and in northern Wisconsin it extends into July. 

teeth in broad bands on upper and lower jaws. Dor- The nests are usually saucer-shaped excavations at 
sal fin origin slightly anterior to midpoint between depths of 0.5-1.2 m (1.5-4 ft), located beside or be- 
pectoral and pelvic fins; dorsal fin with a stout spine neath a bank, a log, or a tree root. Nests also have 
and 6 soft rays; dorsal adipose fin free at posterior been reported in burrows 0.6 m (2 ft) deep, under 
end. Anal fin rays, including rudimentaries, 24-27; boards, in cans, under crockery, and in the entrances 

pelvic fin rays 8; pectoral fin with a stout spine, regu- of deserted muskrat burrows (Adams and Hankin- 
larly barbed on posterior edge with barbs near tip in- son 1926). In lakes, nests occur in heavy banks of 

clined toward the base of spine; caudal fin rounded. weeds (Cahn 1927). The burrow may be excavated 

Scaleless. Lateral line complete. Digestive tract about by both sexes. Often small roots from the surround- 
1.3 TL. Chromosomes 2n = 62 (LeGrande 1978). ing vegetation are left in the burrow; these fre- 

Dorsal region of head, back, and upper sides yel- quently serve as anchorage for the yellowish white, 

low, olive, or black; sides lighter; ventral region of adhesive eggs. Usually 300-700 eggs are deposited 
head and belly yellow to white. Snout and upper jaw in a nest. 
barbels dark pigmented, chin barbels whitish, occa- A partially spawned, 172-mm yellow bullhead, col- 

sionally grayish in large individuals. All fins dusky, lected 23 June from Sevenmile Creek (Florence 
with pencil-line black margins; the interradial mem- County), had ovaries 13.6% of body weight (84 g); 
branes dark but not black; anal fin usually with dark she held an estimated 1,190 yellow-orange, mature 
horizontal median band. eggs 2.2-3.0 mm diam. A 171-mm, 77-g female, with 

Hybrids: Experimental yellow bullhead x channel ovaries 10.7% of body weight, held 860 eggs 2.5-3.0 
catfish, yellow bullhead x blue catfish, yellow bull- mm diam.
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According to Mansueti and Hardy (1967), the fe- Wisconsin has been reported as follows (Paruch 

cundity rate per female is 1,650-7,000 eggs. In Min- 1979): 
nesota, during the first week of July, three fish, TL 
254-279 mm TL, had egg counts of 3,950—4,270 (Ves- Nee (mm) 

sel and Eddy 1941). Date Fish Avg Range Location 
The eggs hatch in 5-10 days. Fish (1932) described y2July. 9 19 15-20 WolfR.(Langiadeco) 

and illustrated the 17-mm stage, and Mansueti and 14 July 4 26 22-29 La Motte L. (Menominee Co.) 

Hardy (1967) provided a drawing of a 21-mm juve- Aue: 3 oe colle L. lrenage co) 
. . : ug. _ icCartne’ Tr. rant Co. 

nile. The larvae and juveniles are guarded by parent 27 Sept. 4 46 35-63 Little Eau Pleine R. (Marathon Co.) 
fish until late July or August, or until the young are 14 Dec, 1 76 Wisconsin R. (Portage Co.) 
about 50 mm long (Mansueti and Hardy 1967). The 
estimated growth within a 30-day period early in the The age and growth of 102 yellow bullheads from 
first summer's existence is 0.60 mm per day (Hubbs Wisconsin (UWSP specimens) are summarized in the 
1921). table on the following page (Paruch 1979). 

In quiet water, schools of several hundred young In yellow bullheads from Little Butte des Morts 
yellow bullheads feed and move in compact groups (Winnebago County), Priegel (1966a) has determined 
near the surface; the guardian parent remains 0.3—0.6 the following age-length relationships: II—206 (180- 
m away, warding off all intruders (Harlan and Speaker 244) mm; III—226 (193-274) mm; and IV—272 (226- 
1956). In the autumn, the young hide under logs and 295) mm. The condition value (K,,) averaged 1.38. 
stones in shallow water (Adams and Hankinson Maturity in yellow bullheads is reached during the 
1926). third year of life (Harlan and Speaker 1956). 

The growth of young-of-year yellow bullheads in A 337-mm yellow bullhead weighing 508 g (1 Ib 1.8
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TL Calculated TL at Annulus dividuals survived at 0.2-0.0 ppm (Cooper and 
Age No.of mM) mm) Washburn 1949). In the laboratory, yellow bullheads 
Classi rishi __'Avg) _ Range ee ee were held to an average oxygen level of 2.7 ppm for 

Oo 28 35 16-76 8 hr a day, for 9 days; they showed no significant 
i u ie ioe i 409 stress patterns in serum protein fractions (Bouck and 

M19 207 165-252 49:111:159 Ball 1965). 
WV 4 263 242-291 86 152 193 223 Although the yellow bullhead can endure severe 
ni : aa 226-300 Ue ie oe cae sap~a08 environmental stresses, its taste buds erode and its 

swimming and feeding behavior are modified when 
Avg (weighted) 51115 169 222 247 290 309 it is exposed to concentrations of commercial deter- 

gents at 0.5 ppm (Bardach et al. 1965). In laboratory 
02), was taken from Lake Wingra (Dane County) in experiments, such fish found food pellets only when 
1945 (Noland 1951). A 1.4-kg (3-Ib 3-0z) yellow bull- they accidentally swam over them or touched them 
head was caught from Nelson Lake (Sawyer County) with their lower jaws or their lips. The researchers 
in 1972. The maximum known length reported is 465 concluded that fishes such as bullheads, that rely 
mm (18.3 in) (Mansueti and Hardy 1967). mainly on their chemical senses for finding food, 

Young yellow bullheads feed principally on ento- feed less efficiently in waters which persistently con- 

mostracans and insect larvae; adults eat a wide va- tain 0.5 ppm of detergents. 
riety of living and dead material in the water. In Lake Four yellow bullheads were collected from Seven- 
Mendota (Dane County), yellow bullheads ate cray- mile Creek (Florence County) along with white sucker 

fish, amphipods, cladocerans, insect larvae, cope- (6), blacknose dace (1), creek chub (2), pearl dace (6), 
pods, snails, and algae (Pearse 1921a). In Green Lake finescale dace (4), northern redbelly dace (54), black- 

(Green Lake County), this species ate fish, insect lar- nose shiner (16), black bullhead (2), central mud- 
vae and adults, amphipods, cladocerans, and plant minnow (20), Iowa darter (6), pumpkinseed (2), mot- 
matter. In Sinissippi Lake (Dodge County), it con- tled sculpin (1), and brook stickleback (1). 
sumed fathead minnows (H. Neuenschwander, pers. 
comm.). IMPORTANCE AND MANAGEMENT 

In a northern Alabama pond (Tarzwell 1941), yel- No records have been found of the yellow bullhead 
low bullheads ate largely chironomids, corixids, and being taken by other predators, although this doubt- 
golden shiners, and lesser amounts of many aquatic less happens. 
and terrestrial insects and oligochaetes. The yellow bullhead is known as a host to the lar- 

According to Harlan and Speaker (1956), the yel- val stage of the clam Anodonta grandis (Hart and 
low bullhead appears to be more selective and more Fuller 1974); it probably acts as an important link to 
nocturnal in its feeding habits than the other two future generations of clams. 
species of bullheads. Like the other species, the yel- The yellow bullhead is frequently taken on worms, 
low bullhead responds to odors in the water; when a liver, and meat scraps. It bites as dusk approaches, 
food pellet is dropped into water frequented by a yel- and continues biting well into the night. It is an ex- 
low bullhead, the bullhead’s fins spread and its bar- cellent food fish; the flesh is fine in texture, firm, and 

bels stiffen; the timing of this response is roughly delicious, and it has few bones. It is probably more 
proportional to the fish’s distance from the place difficult to skin than other bullheads because its skin 
where the food was dropped. The fish then swims to is thin. 
the pellet and picks it up. In experimental trawls in Green Bay, the yellow 

In a Michigan lake, no homing or territorial ten- bullhead and 11 other species of fish composed only 
dency was noted in marked yellow bullheads (Fet- 0.7% of the total catch. Reigle (1969a) concluded that 
terolf 1952). In Wisconsin, Greenbank (1956) ob- it has no potential commercial importance for bottom 

served movement of this species into and out of a trawling. In that stretch of the Mississippi River from 
shallow Mississippi River backwater lake. During the Wisconsin line to Caruthersville, Missouri, yel- 
January and February about twice as many yellow low bullheads and brown bullheads are too scarce to 
bullheads entered the lake as left it, most activity oc- be of any commercial importance (Barnickol and Star- 
curring when heavy snow covered the ice. rett 1951). 

In winterkill lakes of southeastern Michigan, the In the commercial harvest in Wisconsin (see Black 
yellow bullhead survived where the minimum oxy- Bullhead, p. 700), the yellow bullhead is categorized 
gen concentrations were 0.3—0.1 ppm, and some in- with the black and brown bullheads, and probably
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constitutes only a small portion of the bullhead catch; days. Tarzwell concluded that the usual turbidity of 
it is perhaps second in importance to the black bull- this pond was due to the bullheads stirring up the 
head. bottom and keeping the waters roiled. 

Little is known about management of yellow bull- Artificial habitats for the yellow bullhead were in- 
heads. In a shallow pond in northern Alabama, bull- advertently produced along the banks of the Plover 
heads comprised 197 kg/ha (176 Ib/acre) (Tarzwell River (Portage County), which flows through a pub- 
1941). Of the 521 bullheads from this pond that were lic park in Stevens Point, when the banks were rip- 
measured, 127 were yellow and 394 were brown; the rapped with flat stones placed loosely together. The 
yellow bullheads attained a larger size than the brown yellow bullheads frequented the cavities between the 
bullheads. After the bullheads and golden shiners stone slabs, and were readily brought out of their 
were removed from the pond, the muddy water hiding places with shocking gear. 
cleared up and a dense algal growth formed in a few
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Channel Catfish become dark in color and lose their spots (these are 
commonly referred to as “blue catfish” and mistaken 
by some observers for Ictalurus furcatus, the bona fide 

Ictalurus punctatus (Rafinesque). Ictalurus—fish cat; blue catfish). Fins lightly pigmented. Maxillary bar- 
punctatus—spotted. bels darkly pigmented; snout and chin barbels lightly 

Other common names: channel cat, spotted catfish, pigmented, except bases of chin barbels generally 
spotted cat, Great Lakes catfish, lake catfish, unpigmented. 
northern catfish, fiddler, white cat, blue cat, Sexual dimorphism: Males with a distinctive uro- 
lady cat, chucklehead cat, willow cat, cat. genital papilla extending posteriorly, which is absent 

in females; hence one opening behind the vent in 

males, and two openings behind the vent in females 
(Moen 1959). In males the head is wider than the 

body; in females the head is scarcely as wide as 
_ — ong the body (Davis 1959). Breeding males are often a 

F ee Se brighter blue or deep blue-black on the back and sides 
a See” A SS than females; the region above and behind the eye is 

bd . <= swollen in breeding males. 
Hybrids: Channel catfish x flathead catfish (Slas- 

tenenko 1957). Experimental channel catfish x blue 
256 mm, Sugar R., near Brodhead (Green Co.), 15 Aug. 1963 catfish, channel catfish x white catfish, channel cat- 

fish x flathead catfish, channel catfish x brown 

DESCRIPTION bullhead, channel catfish x yellow bullhead, chan- 
Body slender, somewhat compressed, especially pos- nel catfish x black bullhead (Sneed 1964, Dupree et 
teriorly; not humpbacked before dorsal fin; the pro- al. 1966). 
file of the back from the dorsal fin forward gently 

sloping and curved. Length 305-508 mm (12-20 in). SYSTEMATIC NOTES 
TL = 1.27 SL. Depth into SL 3.8-4.7 (6.6). Head The northern catfish Villarius lacustris (Walbaum) of 
small, length into SL 3.6—4.3. Snout profile bluntly Green Bay and Lake Michigan (Greene 1935) is now 
pointed, broadly rounded in dorsal view; barbels of recognized as a synonym of Ictalurus punctatus. Hubbs 
snout short, threadlike, and just anterior to posterior and Lagler (1964) noted that the former does not now 
nostril. Mouth short but wide, subterminal and hori- appear to be sufficiently set off to be recognized, but 
zontal. Lower jaw much shorter than and included the whole problem is in need of critical analysis. 
in upper jaw; long barbel (decidedly exceeding head 
length) sweeping posteriorly from the upper jaw at DISTRIBUTION, STATUS, AND HABITAT 
each corner of the mouth; 4 short barbels attached in The channel catfish occurs in all three drainage ba- 

a transverse line on the lower chin, with the median sins in Wisconsin. In the Lake Superior basin, it is 
pair shorter. Numerous small, sharp teeth in broad known only from the St. Louis River (Moore and 
bands on upper and lower jaws. Dorsal fin origin far Braem 1965, Eddy and Surber 1947, Eddy and Under- 
anterior to midpoint between pectoral and pelvic fins; hill 1974). In the lower two-thirds of the state it is 
dorsal fin with a dorsal spine less than, to slightly widely distributed in the larger rivers, their lake sys- 
greater than, distance from tip of snout to back of tems, and the lower courses of their tributaries. In 
eye; dorsal fin soft rays 6-7; dorsal adipose fin free the Wisconsin River, it occurs regularly as far up- 
at posterior edge. Anal fin with free edge generally stream as the Castle Rock Dam (Adams and Juneau 
rounded and with 24-27 rays, including rudimentar- counties), but rarely beyond this point. Greene (1935) 

ies; pelvic fin rays 8; pectoral fin with a narrow spine noted a report from the mouth of the Plover River 
about same length as dorsal spine, regularly barbed (Portage County), and S. Becker (1972) reported that 
on posterior edge with barbs all inclined (and be- a “28-pound catfish” (probably this species) was taken 
coming smaller) toward the base of spine; caudal fin from the Wisconsin River near Stevens Point early in 
deeply forked. Scaleless. Lateral line complete. the century. 
Chromosomes 2n = 58 (LeGrande 1978). The channel catfish is not known from the Rock 

Dorsal half of head and body pale blue to pale olive River above Hustisford (Dodge County); it was intro- 
with silvery overcast; ventral surface whitish; sides duced between Hustisford and Watertown in 1954, 
with spots of varying size and number. Old males although it is native in the Crawfish and Beaverdam
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rivers (Dodge County) (H. Neuenschwander, pers. streams, as well as in slow-moving, silty streams; it 

comm.). It was introduced into Waukesha County is often found downstream from power dams where 

lakes (Cahn 1927); in 1955 it was introduced into Lake the water is fairly rapid. In streams, young channel 

Helen (Portage County), where it winterkilled by the catfish inhabit shallow riffles and turbulent areas 

following spring (Becker 1969). near sand bars; adults spend the day under big rocks, 

The channel catfish was introduced into the West in deep pools, or under log jams, and enter shallow 

Twin River (Manitowoc County) in 1957, followed by water at night. Channel catfish may also be found in 

plants in the Manitowoc, Sheboygan, Onion, and sluggish streams, lakes, and large reservoirs. They 

Mullet rivers (Manitowoc and Sheboygan counties) prefer warm water averaging 21.1°C (70°F). Not 

(Schultz 1969). Sustaining populations now occur in much is known about the habitat of young channel 

the East and West Twin rivers and in the Manitowoc catfish in lakes. 

and Sheboygan rivers. Apparently it was not found In Wisconsin, the channel catfish was encountered 

in these streams prior to introduction, although a in turbid water over substrates (decreasing order of 

small population has always existed in Lake Michi- frequency) of mud, sand, clay, gravel, silt, rubble, 

gan and in Green Bay. and boulders. It has been taken a number of times 

The channel catfish is uncommon to common in from large rivers and streams 12.1-24.0 m wide, in 

the larger waterways and their connecting lakes in quiet water and in moderate currents. 

the southern half of Wisconsin. It is less common 

northward, and rare to uncommon in Lake Michigan BIOLOGY 

and Green Bay. Spawning occurs from May to July, when the water 

The channel catfish is found in a wide variety of temperature reaches about 23.9°C (75°F); the opti- 

habitats. It occurs in clear, rocky, well-oxygenated mum temperature for spawning is about 26.7°C
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(80°F). Adult channel catfish may make extensive ex- wards, and in some cases slightly to the side. . . . If the 

cursions upriver in the spring. The male locates a female responded, she usually did so within 5 seconds. 

suitable dark cavity or crevice in the stream, under a When she participated she wrapped her tail around the 
ledge where rock strata outcrop in the channel, or head of the male and quivered in unison with him. Both 

beneath the roots of a tree undercut by the current. her pelvic:and pectoral fins’ were motionless during this 
Under highly turbid conditions in a lake or a reser- act. With each reflex a contraction of the abdominal mus- 

voir, nests may be made directly on the bottom in the cles of the female moved the eggs posteriorly and al 
t . . sively produced a flattened area behind the pectoral fins. 

mud. Neither a current nor a rocky substrate is nec- She then lunged forward about 3 to 5 inches as the eggs 

essary for spawning, or for normal development of spurted out. A current of water, produced by the lunge, 

the young channel catfish. In ponds and hatcheries, caused the eggs to swirl up before they settled to the bot- 
nail kegs, earthenware crocks, or milk cans are pro- tom... . 

vided for the fish to spawn in. In clearwater ponds, It was believed that the male released milt at the end of 
it is necessary to produce a “hollow log” by telescop- the reflex at the same moment that the female released 

ing two to three nail kegs together after the bottoms eggs. 

ier oaaAleikee Aimer D7) usually depos Clemens and Sneed noted that a spawning period 

Prior to spawning, the male cleans the nest site by lasted from 4-6 hr, and that about 150 eggs were laid 

vigorous fanning with his fins and body, and waits about nine times each hour, for a'total. of 8,000 eggs: 
for a female that is ready to deposit eggs (Davis 1959). Generally, females weighing ee kg C ») 
Pairing may occur before the female is actually ripe, produced about 8,800 eggs per A nex 4 h y 
and she may stay nearby while the male cleans the weight. According to Clemens he of all : é their 
nest. The female usually takes no part in preparing female catfish spawn, they usually void all of their 
the nest, or in guarding the nest and the young. Ac- a f ch 1 catfish 32 di 
cording to reports, the largest or oldest fish spawn ihe eggs of Channel catiish average 9-2 mim clam 
first; the smallest fish are usually the last to spawn. with the chorion semoued. They'are light yellow, de- 

The following spawning behavior by channel cat- mersal, and adhesive; they Lae fo _* other 10 

fish was observed in aquariums (Clemens and Sneed The incubation period of the eggs is from 5 to 5 
1957); the female had been injected with fish pitui- days, at water temperatures between 21.1 and 29.4°C 
taries (p. 3): (70 and 85°F). At mean water temperatures of about 

26.7°C (80°F), the time from the first deposition of eggs 
Any biting on the part of the female, directed towards to the time when the first egg hatches ranges from 6 
other females or towards males, was accepted as a sign of to7 days. Eggs that are laid first are the last to hatch; 

readiness to spawn, since paired catfish (both male and fe- the gradient of the oxygen tension between the top 
male) usually drove other fish away. . . . In pairing acts in and the bottom eggs probably accounts for the differ- 
which aggressiveness occurred, it was observed that if the ences in hatching time. Clemens and Sneed (1957) 
fish were going to pair, the bites of the male became pro- noted that during the deposition period both parents 
gressively less severe until they were more like a nudge in 4 5 
the region of the vent. provided aeration for the eggs (pp. 6, 8): 

A few hours before the event, there were some rather _. At the end of the spawning period the male for the 

peitve i that sparing wa take place: The female ime gan padding on the op ofthe eg, whe the 
bottom. In this type of behavior the female moved over the female oe ed quietly to,one side*-Eromy then onthe female 
spot where the eggs were to be deposited in a wiggling a = es to re ant the eggs. The male 
motion, the pelvic and pectoral fins alternately beating The rot ding activity vias exhibited by the male 
against the bottom. These runs were short, about 4 to 6 hen he. vigorously, wiseled his’ body'and pressed. and 

inches. This same behavior was later a part of the spawning @ 8 y Wiss : q Eee | 
act’and wastrepeated many tines, packed the eggs with the flat side of his pelvic fins in a 

P y manner that shook the entire egg mass. He moved forward 

When a male attempted to spawn with a female, from one end of the egg pile to the other, which gave the 
they were headed in opposite directions to one an- impression that he was walking on his fins. This action was 
other (p. 5): similar to the “run” of the female during the spawning act. 

. . . Vigorous males worked the eggs every 5-10 min the 
. .. Then he wrapped his tail around her head so that his first day or 2, but late in the incubation period the workings 
caudal fin covered her eyes. ... Then the male’s body were less frequent... . The eggs were loosened more 
quivered, during which time his pectoral fins beat, but his when the male pulled at the eggs with his mouth. . . . No 
pelvics remained rather motionless and pointed back- channel catfish were observed taking the eggs completely
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in their mouths. One male was seen trying to move a loose 75 mm; 2—161 mm; 3—231 mm; 4—299 mm; 5—361 
egg mass that had shifted from the center of the aquarium mm; 6—423 mm; 7—488 mm; 8—536 mm; 9—610 mm; 
by placing his snout under the edge of the mass and car- 10—676 mm; 11—658 mm; and 12—709 mm (Apple- 

Tying it a little forward as he swam. get and Smith 1951). From the same collection the re- 
Upon hatching, the channel catfish fry accumu- lationship of length to weight at selected size inter- 

lated in a mass on the bottom of the aquarium, usu- vals was: 196 mm—54 g; 264 mm—136 g; 391 mm— 
ally in a corner, where they remained for about 2 days; 526 g; 521 mm—1,510 g; 643 mm—3,588 g; and 721 

then they began to come to the surface. By the third mm—4,314 g. 
day, they had started to feed and to move about the A506-mm channel catfish from Lake Poygan (Wau- 
aquarium. shara County) had the following estimated growth at 

Marzolf (1957) noted that channel catfish fry in the annuli of the pectoral fins: 1—90.4 mm; 2—198.8 
ponds normally remain in the nest about 7 days, and mm, 3—325.3 mm; 4—397.5 mm; and 5—469.8 mm 

are defended by the male fish. When the nest no (Paruch 1979). ee 
longer needs to be defended, the male fish is ready In Virginia (Stauffer et al. 1976), channel catfish in 

for the second spawn. The minimum size of the fry the heated discharge (34.4°C) from a power plant had 
at hatching is about 6.4 mm. The early development significantly lower condition than fish from an up- 
of young channel catfish through the pectoral fin- stream reference area, where the temperature was 
bud stage at 34 hr was examined by Saksena et al. 26.7°C. The condition factor (K,,) for fish from the 
(1961). Yolk-sac larvae, larvae, and juveniles were de- heated area was 1.18; for fish from the reference area 

scribed by Mansueti and Hardy (1967). Fish (1932) il- it was 1.23. : al 
lustrated the 32.6 mm juvenile, which has the true The age of channel catfish at maturity varies greatly 
channel catfish appearance, including the spots. from one body of water to another. In Pool 9 of the 

Channel catfish larvae which are guarded by the Mississippi River, Appleget and Smith (1951) noted 
male initially mass on the bottom and later make ex- that no fish in their first 4 years of life were mature, 

cursions to the surface. They may travel in schools but that in the fifth year both sexes (17.6%) showed 
for several days or for weeks (Mansueti and Hardy some degree of sexual development. In the begin- 
1967). After dispersal, the juveniles feed singly in Ting of the ninth year of life, 100% of the males and 
quiet, shallow water over sand bars, around drift 90% of the females were mature. Neither sex reaches 
piles, and among rocks; some juveniles winter under maturity at less than 305 mm (12 in), but many fish 
boulders in rather swiftly flowing water. in the 330-mm (13-in) group are mature. In the south, 

In Lewis and Clark Lake, South Dakota, channel Davis (1959) noted that some channel catfish be- 

catfish yolk-sac larvae shorter than 15 mm were col- come sexually mature in their second year, and that 
lected from the old river channel at depths of 10-12 most of them spawn for the first time when they are 
m in early July (Walburg 1976). The young remained 3 years old. ae 
in schools for the first several weeks after hatching, Few channel catfish live more than 8 years, al- 
but apparently dispersed when they were about 25 though occasionally large catfish over 15 years old are 
mm (1 in) long. taken in Wisconsin waters (Finke 1964). Such fish may 

In Wisconsin, the growth of young-of-year channel exceed 762 mm (30 in) in length and weigh 6.80 kg 
catfish has been reported as follows: (15 Ib) or more. A 19.96-kg (44-Ib) channel catfish was 

taken from the Wisconsin River in 1962. The maxi- 
TL mum size known, a 26.31-kg (58-Ib) fish, was caught 

No.of (mm) in the Santee Cooper Reservoir, South Carolina, in 
Date Fish Avg Range Location 1964. 

13Juy.~=«1~«*SSS*~*S*S:*«SNisconsin R, (Crawford Co.) Young channel catfish tend to feed primarily on 
Lan - sc Sauer ve Cal cd a insects or on bottom arthropods; after they 

. _ aes : reach 100 mm they are usually omnivorous or pis- 
1" abe a por Race n lock Ce eo civorous (Carlander 1969). In Lake Oahe, South Da- 
16 Sept. 3 67 55-82 Yellow R. (Chippewa Co.) kota (Starostka and Nelson 1974), the diet changed 

PeSept 2B b28t___Mississipp! ft: (Pieree Co) from zooplankton to fish as the channel catfish in- 
creased in length. 

For channel catfish taken from Pool 9 (Lansing, In the Wisconsin River (Adams County) during 
Iowa) of the Mississippi River, lengths calculated from September, adult channel catfish had eaten insects 
the vertebrae at the end of each year of life were: 1— (including Diptera, Coleoptera, Hymenoptera, Tri-
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choptera, Orthoptera, and Hemiptera), and anne- are rising—following a rain, for example, or the 

lids, seeds, plant materials, and detritus (K. Prim- opening of a power dam. With rising water, these fish 
mer, pers. comm.). There were no fish in the stomachs are on the move, searching for food washed into the 
of the 22 catfish examined. stream. They often feed in submerged grassy areas, 

In Pool 19 of the Mississippi River, channel catfish which act as strainers that catch and hold all kinds of 

stomachs contained 68% Hexagenia naiads and sub- food. 
imagos, but only 3% Potamyjia flava larvae. Mayfly At temperatures of 25, 30, and 35°C (77, 86, and 
subimagos appeared only in channel catfish stom- 95°F), the lethal oxygen levels for channel catfish are 
achs collected between 24 June and 16 July, and their at 0.95, 1.03, and 1.08 ppm respectively (Moss and 
presence always coincided with periods of peak Scott 1961). At 25°C channel catfish embryos and the 

mayfly emergence. The remainder of the contents resulting larvae developed properly when the dis- 

included immature Plecoptera and Diptera, clams, solved oxygen concentrations and control concentra- 

snails, and algae (Hoopes 1960). tions were near air saturation, but survival at 25°C 
According to Finke (1964), items taken from chan- was statistically less at 2.4 and 4.2 ppm oxygen 

nel catfish stomachs include insects, frogs, crayfish, (Carlson et al. 1974). No embryos hatched at 1.7 ppm 
snails, fish, clams, worms, algae, pondweeds, elm oxygen. At all reduced oxygen concentrations at 25 
seeds, wild grapes, “cotton” from cottonwood trees, and 28°C (77 and 82.4°F) embryo pigmentation was 
pieces of dressed rabbit, chicken necks, canned corn, lighter, the hatch period was extended, feeding was 

shrimp, beef bones, and much more. Carlander (1969) delayed, and growth was reduced. 
listed such unusual items from catfish stomachs as a Channel catfish 6 days old and 11 months old, ac- 
snake skin, an adult bobwhite, and hydroids. climated at 26, 30, and 34°C (79, 86, and 93°F), had 

In food preference studies (Lewis et al. 1965), upper lethal temperatures at 36.6, 37.3, and 37.8°C 
channel catfish showed a pronounced preference for (97.9, 99.1, and 100°F), respectively (Allen and Strawn 
crayfish of the right size over fathead minnows, and 1967). Kilambi et al. (1970) determined that the opti- 
a preference for fathead minnows over fingerling mum conditions for raising channel catfish included 
bluegills, green sunfish, and golden shiners. Finger- a water temperature of 32°C (89.6°F) and a 14-hr 
ling carp and bullheads were poorly utilized, and photoperiod; they based their findings on an evalua- 
tadpoles were killed but not eaten. tion of growth, food consumption, food conversion 

Dead fish and other animals are sometimes in- efficiency, and mortality. In the Wabash River, Indi- 
cluded in the channel catfish diet (Davis 1959). The ana, the optimum temperature range for this species 
occurrence of grasshoppers and other terrestrial in- was 30 to 32°C (86—89.6°F) (Gammon 1973). In the 

sects in stomachs indicates that channel catfish take White River and Ipalco Discharge Canal, Indiana, the 
some food from the surface of the water, although maximum temperature at which the channel catfish 
they usually feed near the bottom. They have been was captured was 37.8°C (100°F) (Proffitt and Benda 
known to eat refuse discarded by people, and to 1971). Juvenile channel catfish exposed to rapid tem- 
congregate near places where garbage is dumped into perature changes have shown decreased swimming 
streams and lakes. performance (Hocutt 1973). 

Adult channel catfish usually feed on the bottom A preliminary tagging study in the lower Wiscon- 
in a random manner, detecting food by touch and sin River indicated a general downstream movement 
smell. The eyes of the channel catfish, which are of channel catfish into the Mississippi River during 
proportionately larger than those of other species of late summer and autumn (C. Brynildson et al. 1961). 
catfish, seem to be adapted to sight feeding to some An upstream spawning run into the Wisconsin River 
degree (Davis 1959). This is consistent with its use of was anticipated during the latter part of May and early 
minnows as food when the water is the clearest (Bai- June. One channel catfish tagged in the lower Wis- 
ley and Harrison 1948). consin River moved 78 km (48 mi) to Avoca Lake 

The channel catfish feeds most actively from sun- (Iowa County); this was the greatest upstream 
down until about midnight, at water temperatures movement recorded (C. Brynildson 1960). The great- 
between 10 and 34.4°C (50 and 94°F) (Bailey and est downstream movement was made by an individ- 
Harrison 1948). In the winter this species rarely feeds, ual tagged at Prairie du Sac (Sauk County) and cap- 

and the available evidence indicates that adults do tured in the Mississippi River near De Soto (Crawford 
not feed during the breeding season. County), a distance of about 190 stream km (118 

Channel catfish are most active when water levels stream mi). C. Brynildson (1964) noted that, in the
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lower Wisconsin River, the average downstream the following mollusks: Amblema plicata, Megalonaias 
movement was 22 km (13.8 mi), and the average up- gigantea, Quadrula nodulata, and Quadrula pustulosa. It 
stream movement was 12 km (7.3 mi). is one of several fish species responsible for the dis- 

In Kansas (Cross 1950), extensive upstream migra- tribution and perpetuation of those clam species (Hart 
tions of channel catfish were observed during high- and Fuller 1974). 
water periods in June and July. In Lake Sharpe, South The channel catfish ranks high as a sport fish in 
Dakota, channel catfish moved upstream from April Wisconsin. In the upper Mississippi River, it was rated 
through June, and a second peak of upstream move- ninth in numbers taken in 1957, and third in 1962- 
ment occurred in September and October (Elrod 1974); 1963 (Nord 1967). In 1967-1968, the estimated sport 
most fish appeared to move downstream in Novem- fishery catch of the channel catfish in Pools 4, 5, 7, 
ber or early December. and 11 of the Mississippi River was 39,494 individu- 

There is no evidence to indicate that channel cat- als, with an average weight per fish of 586 g (1.29 Ib) 

fish will travel a great distance to return to home ter- (Wright 1970). In the lower Wisconsin River, channel 
ritory (Hubley 1963a). Channel catfish tagged in the catfish make up almost 50% of the catch. On the 
upper Mississippi River between Lansing, Iowa, and Minnesota side of Lake Pepin, where snagging for 
upper Lake Pepin moved essentially downstream channel catfish under the ice is allowed, 14,277 fish 
prior to capture. The greatest downstream move- weighing 8,549 kg (18,847 Ib) were harvested during 
ment was recorded for two fish released at Reads 1962-1963 and the following 2 winters (Skrypek 1965). 

Landing, Minnesota, which were recaptured at Po- The channel catfish takes a hook most readily on 
tosi, Wisconsin, 275 km (171 mi) downstream, 14 to moonlit nights from about twilight on into the night. 

16 months after their release. The greatest upstream Baits used to catch channel catfish include minnows, 
movement was recorded for a fish released at Lake worms, grasshoppers, crayfish, and uniquely odifer- 
City, Minnesota. It was recaptured 33 months later, ous concoctions calling for such ingredients as cheese 
345 km (214 mi) upstream in the Minnesota River at trimmings, rolled oats, spoiled clams, liver strips, and 
New Ulm, Minnesota. The fastest movement was re- fish and/or chicken entrails along with a volatile ad- 
corded for an individual that moved 179 km (111 mi) ditive, such as anise or chicken blood. The flesh of 
downstream in 36 days, at an average rate of 5 km the channel catfish is white, crisp, juicy, tender, and 
(3.1 mi) per day. Three fish passed through eight dams of excellent flavor. 
before recapture. In Wisconsin, fishing regulations pertaining to the 

Eighty-nine percent of the channel catfish tagged channel catfish are liberal. In 1980 in inland waters 
in Trempealeau Bay (Trempealeau County) were re- and in Wisconsin-Minnesota boundary waters the 
captured within 21 km (13 mi) of their release point. daily bag limit was 10-25 fish; and there was no limit 
The remaining 11% were caught at distances of 32- in Wisconsin-Iowa boundary waters. 
185 km from the release sites (Ranthum 1971). One According to Scott and Crossman (1973), the spines 
fish had traveled up the Trempealeau River a dis- of the channel catfish and other species of catfish have 
tance of 61 km (38 mi) from the point of release; an- always been found among Indian artifacts. The bases 

other had gone up the Chippewa River within Eau of the spines were rounded off, the barbs removed, 
Claire County a distance of 136 km (84 mi); and a third and the spines used as awls for leather work; if 
fish reached Pool 11 of the Mississippi River, 186 km the holes in the bases were intact, the spines were 
(115 mi) from the point of release. used as needles. One such artifact, from the shores of 

Lake Huron in Ontario, was carbon dated at 1,000 
years B.C. 

IMPORTANCE AND MANAGEMENT The channel catfish has become a basic test animal 
Because of their long spines, larger channel catfish for determining chemical transfers, immune respon- 
suffer little from predation. Young catfish, however, ses, and antibody formation. Channel catfish em- 
are vulnerable to predacious insects and other fish. bryos can be obtained, even in the fall of the year, by 
In ponds, the young are especially preyed upon by injecting a female with pituitary materials. 
bluegills and bass (Marzolf 1957). Bailey and Harri- The channel catfish is probably the most valuable 
son (1948) found some cannibalism on young chan- commercial fish in the upper Mississippi River; it is 
nel catfish by catfish 306 mm (12 in) or over which the most sought-after fish in the river, and brings the 
was directly proportional to the density of the young best overall price. The channel catfish is harvested 
fish present. mainly for human consumption. Since 1960, the 

The channel catfish is a known glochidial host to commercial catch has averaged 181-227 thousand kg
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(400-500 thousand Ib) yearly. The highest catch was are deposited; they are hatched in jars or in wire bas- 
made in 1964, when 277,659 kg (612,125 Ib) were kets through which water flows continuously. 
boated (Fernholz and Crawley 1977). In 1976, 194,261 In the South, channel catfish, grown at 7,500/ha 
kg (428,266 Ib) of channel catfish, at 97¢/kg (44¢/lb), (3,000/acre) in 0.04-ha (0.1-acre) ponds for a growth 
had an exvessel value of $188,437—the most valu- period of 220 days, produced 3,656 kg/ha (3,262 Ib/ 
able fishery on the river. In that year, the channel acre). In Illinois, 113-g (4-0z) fingerlings, placed into 
catfish were taken by the following gear: set lines, warmwater ponds and fed a prepared fish food, 
130,597 kg; bait nets, 22,340 kg; slat nets, 14,371 kg; averaged 340 g (12 oz) in 4 months; some fish weighed 

gill nets, 12,816 kg; buffalo nets, 10,092 kg; seines, more than 450 g (1 Ib) (L. H. Osman, Milwaukee Jour- 

4,433 kg; and trammel nets, 66 kg. nal, 26 July 1964). 

Set lines are stationary lines stretched across a likely An objectionable, “earth-musty” flavor is fre- 

area, to which hooks are attached at intervals (Finke quently found in intensively cultured catfish which 
1964). Regulations limit each commercial fisherman renders the fish unmarketable. Lovell and Sackey 
to a certain number of hooks; these are baited with (1973) determined that blue-green algae could im- 
various substances, including cut fish, cottonseed part this undesirable flavor in the fish. When fish 

cake, dough balls with cheese, and other homemade which had been in the algae tanks for 14 days were 
products. One fisherman reported great success with transferred to flowing, charcoal-filtered water, the 
pieces of white soap. Slat nets, or basket traps as they unpleasant flavor disappeared after 10 days. 
are frequently called, consist basically of wooden Roughly 40% of the weight of catfish which enter 
boxes of slats with flexible throats; this type of gear a processing plant turns up as waste at the end of 
is very selective, and will usually catch only catfish. the processing line. Conversion of this offal into a dry 
Set in a current during the spawning season, slat nets and/or moist swine and catfish food holds consider- 
apparently attract the fish as they seek dark places in able promise (Lovell 1973). 
which to build their nests. Often the trap is baited Impoundments with moderately turbid waters are 
with a live, gravid female, who attracts males search- less likely to require special management for channel 
ing for a mate. catfish production than impoundments with clear 

In 1953 on Lake Poygan, 3,530 catfish made up waters. In clear waters, predatory fish and insects 
62.9% of the total catch in 64-mm (2%-in) trap nets. probably limit the survival of catfish by preying on 
On the same lake, Wisconsin Department of Natural the young. The survival of young catfish was not 
Resources research crews captured 4,100 catfish in the nearly as high in ponds containing adult largemouth 
period between December 1958 and December 1959 bass and either bluegill or redear sunfish as it was in 
(Becker 1964b). ponds containing only channel catfish (Marzolf 1957). 

In 1966, the gill net catch of channel catfish from In one instance, 15 25-mm (1-in) catfish were found 

the Wisconsin waters of Lake Michigan was 91 kg (200 in the stomach of a 178-mm bluegill taken from the 
Ib); the catch was valued at $43. In 1974, catfish had nest of a channel catfish. Marzolf noted that the sur- 

a reported harvest of 791 kg (1,743 Ib) and a value of vival of fingerling catfish is directly correlated to the 
$461 (Wis. Dep. Nat. Resour. 1976c). amount of turbidity in the water. It is assumed that 

Attempts to raise channel catfish usually resulted turbid water furnishes cover for the fry and finger- 
in failure until workers at the U.S. Bureau of Fisher- lings. Heavy vegetation in clear ponds often conceals 
ies in Fairport, lowa, discovered in 1916 that the spe- enormous numbers of predacious insects and insect 

cies could be raised in ponds by providing proper nymphs, which may feed upon the fry. 
nesting conditions (Davis 1959). Two methods of The culture, stocking, and management of catfish 
raising channel catfish have proved satisfactory (Da- in Arkansas and other southern states has led to a 
vis 1959). In the pen method, a pair of fish is placed considerable amount of research in the private, state, 
in an enclosure containing a nail keg or some other and federal sectors. The outpouring of technical 
nest structure. After spawning has been completed, writing and bulletins has been extensive. Unfortu- 
the female is removed so that she cannot eat the eggs, nately, in Wisconsin the application of these tech- 
and the male is left to care for the eggs until they niques is made difficult by our long winters and short 
hatch. The young are then placed in troughs for the growing season; to realize a crop, an enterprising fish 
first stage of rearing. In the pond method of rearing, farmer must extend the growing season by heating 
brood fish are allowed to pair of their own accord, in the water. Heated discharge ponds at power plants 
a pond that is supplied with nest structures. Eggs are hold some promise for catfish farming, although this 
removed from the nests as soon as possible after they idea needs a closer look.
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Tadpole Madtom and belly tan to yellow-brown. Fins generally darkly 
pigmented; paired fins usually less pigmented. Bar- 
bels darkly to lightly pigmented. Generally 3 dark, 

Noturus gyrinus (Mitchill). Noturus—back tail, in ref- longitudinal streaks per side; the prominent middle 
erence to the connection between the adipose streak follows the position of the vertebral column, 

and the caudal fins; gyrinus—tadpole. and from this streak dark lines outline the muscle 

Other common names: madtom, tadpole stonecat, segments dorsally and ventrally. 
tadpole cat, bullhead. Hybrids: Tadpole madtom x brindled madtom (the 

latter not found in Wisconsin) (Trautman 1957, Men- 

zel and Raney 1973). 

SYSTEMATIC NOTES 
Synonyms: Schilbeodes gyrinus (Greene 1935), Schil- 

- oN beodes mollis (Hubbs and Lagler 1947), Schilbeodes gyr- 
Pm ee go4 inus (Hubbs and Lagler 1958), and Noturus gyrinus 
ae (Hubbs and Lagler 1964, Taylor 1969, Bailey et al. 1960 

; te ee : and 1970, Robins et al. 1980). 

DISTRIBUTION, STATUS, AND HABITAT 
Adult 109 mm, Pine R. (Florence Co.), 25 June 1965 The tadpole madtom occurs in all three drainage ba- 

sins in Wisconsin. It is present in sheltered bays of 
DESCRIPTION western Lake Superior, and it is distributed through- 

Body heavy, round, and potbellied anteriorly (rarely out Wisconsin except in the driftless area, where it is 

elongate); strongly compressed posteriorly. Length 64— seldom taken, . . 
89 mm (2.5-3.5 in). TL = 1.23 SL. Depth into TL 4.4— In Wisconsin, the tadpole madtom is common in 
6.0. Head length into TL 3.8—4.4. Snout blunt, with medium to large rivers. It is considered rare at the 

a barbel arising from collar surrounding each poste- barriers in tributaries of Lake Superior (McLain ef al. 
rior nostril; barbels long and reaching almost to back 1965). In large lakes it is rare to common. This species 
of head. Mouth short but wide, horizontal; lips fleshy. appears to be secure in Wisconsin. 
Lower jaw slightly shorter than upper jaw; barbel at- In Wisconsin, the tadpole madtom was encoun= 
tached to upper jaw at each corner of mouth almost tered THOSE frequently at depths of 0.1-1.5 ae clear 
reaching to opercular opening; 4 barbels (outer 2 about to slightly turbid water; it was also found in darkly 
length of maxillary barbels, inner 2 slightly shorter) colored water. This species occurred over substrates 

attached in a transverse line on the lower chin. Nu- of sand (27% frequency), gravel (20%), mud (18%), 
merous small, sharp, or peglike teeth in broad bands boulders (16%), silt (10%), rubble (8%), clay (1%), and 
on upper and lower jaws; tooth patch on upper jaw detritus (1%). It prefers thick growths of submergent 

without elongate, lateral backward extensions. Dor- plants, or accumulations of organic debris, including 
sal fin origin decidedly in advance of midpoint be- dense branches, leaves, trash, and empty «mussel 
tween pectoral and pelvic fins; dorsal fin swollen at shells: It:occurred ‘in lakes, TESErVOIrS, and sloughs, 
base with a short spine (about one-third fin height), a in slow to moderate current in pools and riffles 
and usually 6 rays; dorsal adipose fin long, low, con- in streams of the following widths: 1.0-3.0 m (3%); 

tinuous with caudal fin and delimited from it by a 3.1-6.0 m (6%); 6.1-12.0 m (15%); 12.1-24.0 Hh (53%); 

shallow notch. Anal fin rays 14-16; pelvic fin rays and 24.1-50.0 m (24%). The tadpole madton 1S Ore 
usually 8. Pectoral fin spine about two-thirds fin commonly found in natural and artificial lakes than 
length; notches on anterior edge delicate or absent; either of the other two members of this genus in Wis- 
posterior edge of spine barbless; poison glands asso- consin. In Canada, it has been taken as deep as 25 m 
ciated with dorsal and pectoral fins. Caudal fin (81 ft). 

broadly rounded posteriorly. Scaleless. Lateral line 
incomplete. Digestive tract 1.0-1.4 TL. Chromo- BIOLOGY 
somes 2n = 42 (LeGrande 1978). The tadpole madtom spawns in June and July. 

Dorsal and lateral regions of head, back, and up- Spawning is known only for single pairs under ob- 
per caudal peduncle dark slate brown; lighter brown jects or in cavities in the bottom. There is apparently 
on sides of caudal peduncle; ventral region of head little formal nest preparation. The eggs are deposited
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in clusters beneath boards or logs, in crayfish bur- and held 159 orange eggs 2.0-2.5 mm diam. A ma- 
rows, in holes in mud, under roots, and in old tin ture female, 87 mm and 10.72 g, collected 12 July 
cans (Mansueti and Hardy 1967). The number of eggs from the Hunting River (Langlade County) had ova- 
varies; it has been reported to average 50 per fish, or ries 14.9% of the body weight, and held eggs 2.4-2.6 
as high as 117 per fish (Scott and Crossman 1973, Bai- mm diam. In New York state, Menzel and Raney 
ley 1938). Egg-guarding individuals are in most cases found 82-179 eggs in the ovaries of four females. 
males (Taylor 1969). There is no evidence that parent Upon deposition, the eggs adhere to each other and 
tadpole madtoms care for their broods after hatching. to the substrate, and the whole egg mass is sur- 

Unlike female bullheads and catfishes, which typi- rounded by another gelatinous envelope. 
cally liberate all of their eggs in a single spawning, Young tadpole madtoms are essentially like adults 
female madtoms normally mate several times during when they have attained about 25 mm TL. 
the breeding period (Menzel and Raney 1973). Evi- In Wisconsin, the growth of young-of-year tadpole 
dence for this is indirect, and is based in part on pub- madtoms has been reported as follows (Paruch 1979): 
lished accounts which indicate that the number of 
eggs in a clutch may be considerably less than the TL 
number of eggs in the ovary in several species of No.of (mm) 
madtoms. The available evidence also indicates that Date Fish Ava. Range Location 
the mating pair bond is less enduring among mad- 19 Aug. 2 22 21-23 _L. Poygan (Winnebago Co.) 
toms than among other catfishes. = fue 4 43 35-50 L. Winnebago (Fond du Lac Co.) 

. ept. 1 53 Pewaukee L. (Waukesha Co.) A maturing tadpole madtom female, 90 mm and 18 Sept. 3 30 29-30 — White Clay L. (Shawano Co.) 
14.02 g, collected 25 June from the Pine River (Flor- 24Sept. = 27-38 30-46 Trempealeau L. (Trempealeau Co.) 
ence County), had ovaries 9.2% of the body weight, SOc 23 3529-63 Milwaukee R (Fond du Lac Co.)
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In Iowa, young-of-year ranged from 18 to 56 mm at portions of Virginia rivers (Mansueti and Hardy 
the end of August and the beginning of September 1967). It has also been taken from dark, stained water 
(Griswold 1963). with a pH of 4.5 (Holder and Ramsey 1972). 

The ages and growth of 145 tadpole madtoms from Like all madtoms, the tadpole madtom is secretive, 
Wisconsin (UWSP specimens), aged by analysis of spending the daylight hours lurking in the protection 
the pectoral spines, are summarized below (Paruch of cavities, cutbanks, debris, or vegetation (Scott and 
1979): Crossman 1973, Pflieger 1975). At night it leaves its 

cover and feeds actively in shallows. 
Calculated TL at In a rotenone kill project of a 5-ha (12.5-acre) lake 

fart “ae in northern Minnesota, 40 kg (88 Ib) of tadpole mad- 
Age —No. of ——— oe toms were recovered out of a total of 114 kg (251 Ib) 

Sess fen Ava Range | of fish of all species (Hooper 1949). Other species 
4 a 6 | aes 452 present were northern pike, pumpkinseeds, yellow 
il 20 76.0 51-117 42.7 646 perch, and black bullheads. Approximately 16,770 

Mt 9 86.9 80-95 35.6 66.5 86.9 madtoms were present in the lake at the time of the 
. rotenone poisoning, based on the counts of fish 

eae ae removed from the lake and on the counts of fish 
remaining in the lake that could not be efficiently 

On 15 August, tadpole madtoms from a Minne- recovered. 
sota lake (Hooper 1949), aged by analysis of verte- In Cedar Creek (Ozaukee County), 15 tadpole 
brae, were: 0—26.4 (15-38) mm SL; I—61.6 (43-85) madtoms were associated with these species: white 
mm SL; and II—89.1 (78-104) mm SL. Average sucker (4), central stoneroller (15), creek chub (10+), 

weights were 0.32, 4.16, and 16.32 g respectively. Of bluntnose minnow (1), fathead minnow (6), com- 
more than 4,000 fish examined, only 270 were age II. mon shiner (20), sand shiner (1), black bullhead (50), 

An age-II tadpole madtom 117 mm long (UWSP and green sunfish (1). 

5207) was collected from Mason Lake (Adams County) 

in 1975. 
In Trempealeau Lake (Trempealeau County), the IMPORTANCE AND MANAGEMENT 

tadpole madtom consumed ostracods, cladocerans, Where they are abundant, tadpole madtoms prob- 
Trichoptera, Coleoptera, unidentifiable insect and ably contribute significantly to the food supply of 
animal remains, algae, and eggs (K. Ball, pers. sport fishes. The tadpole madtom is also known to 
comm.). In the Madison area, it fed on insects (44% have been eaten by a garter snake (Scott and Cross- 
volume), oligochaetes (18.3%), small crustaceans (in- man 1973). 
cluding amphipods, ostracods, and copepods) (28.3%), This madtom is a host to the glochidia for the mus- 
plants (5.9%), mites (+), snails (0.1%), algae (0.1%), sels Actinonaias carinata and Lampsilis radiata luteola 
and silt and debris (3%) (Pearse 1918). The tadpole (Hart and Fuller 1974). 
madtom is also known to have consumed small Tadpole madtoms are excellent bait for black bass, 
fishes, a planarian worm, and dragonflies (Forbes and a preferred bait for walleyes, along the Missis- 
and Richardson 1920, Scott and Crossman 1973). It sippi River. When hooked through the lips, madtoms 
feeds mainly at night. The items in the tadpole mad- survive for a long time, and several walleyes can be 
tom's diet show that it gets its food on the bottom taken on a single madtom. In the late 1970s, mad- 
and from among aquatic plants. The smaller indi- toms sold for bait cost the fisherman about $1.50 per 
viduals apparently depend on crustaceans and oli- dozen. They are collected by digging into detritus 
gochaetes; larger fishes rely more on insects. with a hand scoop—a long handle affixed to a metal 

At a high water temperature of 38°C (100.4°F), the frame, which is covered with %-in (9.5-mm) hard- 
tadpole madtom suffered an appreciable mortality in ware cloth. Bait dealers use tin cans to extract the 
a shallow southern Michigan pond (Bailey 1955). In madtoms from holding tanks: the can is lowered into 
a winterkill lake of southeastern Michigan, with the tank, and the fish, seeking cover, voluntarily 
0.2-0.0 ppm of dissolved oxygen in the upper swim into the can. Often a piece of burlap is thrown 
0.3-1.2 m of water, some tadpole madtoms survived into the holding tank to provide them with cover. 
but no largemouth bass or bluegills survived (Cooper Its fondness for still water and its small size make 
and Washburn 1949). the tadpole madtom an interesting aquarium resi- 

The tadpole madtom tolerates at least a moderate dent (Walden 1964, Sterba 1973, Scott and Crossman 
amount of salinity; it has been reported from the tidal 1973).
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Slender Madtom pelvic fin rays 8-9. Pectoral fin spine short, strongly 
notched on its anterior edge from tip of spine to at 
least its midpoint; well-developed barbs (generally 

Noturus exilis Nelson. Noturus—back tail, in reference inclined toward base) on posterior edge of spine. 
to the connection between the adipose and the Caudal fin rounded to slightly squarish. Scaleless. 
caudal fins; exilis—slender. Lateral line incomplete. Digestive tract coiled, 1.1-1.3 

Other common name: slender stonecat. TL. Chromosomes 2n = 54 (LeGrande 1978). 

Dorsal region of head, back, and caudal peduncle 

yellowish brown, dark olive, or slate gray; lower 
sides and belly cream white. Transverse light bands 

lig ——— behind head and across back behind dorsal fin. Dor- 
a. ee eae sal, caudal, and anal fins generally dark edged; other 

youre or eee a fins light edged. Paired fins often with dark pigment 
rn > = oe near base. Upper barbels dark pigmented; chin bar- 

bels white to light pigmented. 

DISTRIBUTION, STATUS, AND HABITAT 
Adult male 123 mm, Oconomowoc R. (Waukesha Co.), 14 May In Wisconsin, the slender madtom occurs in the Rock 
197 and Pecatonica river systems, where it is at the north- 

ern limit of its distribution. 
An early Wisconsin record of the slender madtom 

Said (USNM 1420) from the Root River in the Lake Michi- 

‘in tot os gan basin is doubted (Taylor 1969). Some confusion 
ae. ll, seems to have been associated with this report, and 

i cl = the specimens are not available. 
cilia oe Specimens examined: UWSP 5150 (4) Oconomo- 

woc River T8N R18E Sec 19 (Waukesha County), 1975; 
UWSP 5151 (5) and 5344 (5) Bark River T8N R18E Sec 
26 (Waukesha County), 1975; UWSP 5578 (30) Oco- 

foun female 111 mm, Oconomowoc R. (Waukesha Co.), 14 May nomowoc River T8N R18E Sec 19 (Waukesha County), 

1977. 
Taylor (1969) reported USNM 1412 Oconomowoc 

DESCRIPTION River, Lac La Belle; INHS (Cahn coll.) Honey Creek, 

Body elongate, cylindrical anteriorly, compressed tributary to Rock River, Watertown. The Wisconsin 
posteriorly. Length 76-102 mm (3-4 in). TL = 1.17 Fish Distribution Study during 1974-1977 made 19 
SL. Depth into TL 5.2-6.8 (4.4). Head length into TL collections of this species from Darien Creek, Little 
3.9-4.7. Snout blunt, short barbels of snout arising Turtle Creek, Bark River, Rock River, Oconomowoc 

from collar surrounding posterior nostrils. Mouth River, and Mason Creek in the Rock River system; 

short but wide, horizontal lips thick. Upper jaw and 12 collections in East Branch Richland Creek (Il- 
slightly longer than lower jaw, longest barbel (decid- linois site), Dodge Branch, Unnamed Creek, Otter 

edly less than head length) attached to upper jaw at Creek, Wood Branch, Bonner Branch, Cottage Inn 
each corner of the mouth; 4 barbels (outer 2 almost as Branch, Pedler Creek, Mineral Point Branch, Living- 

long as the upper jaw barbels, inner 2 slightly ston Branch, and the Pecatonica River in the Pecato- 
shorter) attached in a transverse line on the lower nica River system. 
chin. Numerous small, sharp, or peglike teeth in Additional reports: Oconomowoc River at Stone- 
broad bands on upper and lower jaws; tooth patch bank (Waukesha County), and twice from Mukwon- 
on upper jaw without elongate lateral backward ex- ago River (Waukesha County) (Cahn 1927); (3) Bark 
tensions. Dorsal fin origin decidedly in advance of River T5N RI15E Sec 11 (Jefferson County) (T. Engel, 

midpoint between pectoral and pelvic fins; dorsal fin pers. comm.); Oconomowoc River T8N R18E Sec 19 

generally swollen at base with a short spine (less SE %4 (Waukesha County), 1973 (M. Johnson, pers. 
than half of fin height), and 6-7 soft rays; dorsal adi- comm. ). 
pose fin continuous with caudal fin and delimited The slender madtom is rare in the upper Pecato- 
posteriorly by a shallow notch. Anal fin rays 18-21; nica basin, and rare to uncommon in the Bark and
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Oconomowoc rivers of the Rock River system. It has related margined madtom, Noturus insignis (Richard- 

been accorded endangered status in Wisconsin (Les son). The margined madtom deposits a compact 

1979). mass (up to 55 mm diam) of large, adhesive eggs in 

In Wisconsin, the slender madtom is generally en- a nesting cavity which has been excavated beneath a 

countered in clear, moderate to swift water, at depths flat rock 0.3 m diam or larger (Fowler 1917). The nest 

of 1-3 dm (4-12 in) over substrates of gravel and is positioned in such a manner that a current of water 

boulders interspersed with fine sand. It occurs in can percolate through the egg mass. The eggs appar- 

streams 9-12 m wide; however, a few records from ently are cared for by the male. Newly hatched 

large rivers support the concept that it may occur in young crowd together in a constantly moving com- 

large rivers where the current and the substrate are pact mass. 

suitable. In Missouri, Pflieger (1971) noted that the A prespawning slender madtom female, 106 mm 

slender madtom occurs in rocky pools where there is and 16.99 g, taken 14 May from the Oconomowoc 

sufficient current to keep the bottom free of silt; and River (Waukesha County), had ovaries 5.5% of the 

in Kansas (Cross 1967) it is sometimes found in deep body weight, and held 160 light yellow immature 

leaf-litter of calm pools, if their waters remain clear eggs, 1.7-2.5 mm diam. A 114-mm, 19.2-g fish had 

and cool. 181 eggs, 2.0 mm diam. A 106-mm, 16.55-g female in 

spawning readiness, taken on 28 May from the Bark 

BIOLOGY River (Waukesha County), had ovaries 18.6% of the 

In Wisconsin, spawning occurs in late May and in body weight, and held 169 mature eggs, 3.5 mm 

June. The spawning habits of the slender madtom are diam and yellow-orange in color. 

not known, but are probably like those of the closely Slender madtoms, collected on 14 May 1977 from
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the Oconomowoc River (Waukesha County), showed of rocks, and, within hours, or up to a few days later, 
the following growth (Paruch 1979): such fish died. 

With the lights extinguished in the museum and 
Calculated TL at the aquarium in darkness, the slender madtoms 

Te Annulis swam from their holes and soon cleaned up food 
Age No. of ee ss mm) f the fl f th i just th tered ° rom the floor of the aquarium just as they entere 
Sites _fish) __Avg__iRange__ open shallows to feed during the night in their native 

I 2 eee Oe a3 waters. Bunting and Irwin (1965) noted that daylight 
Wl 18 111.7 96-126 379 «719 «111.7 seining for madtoms proved ineffective because the 

fish were located on the bottom among rocks and de- 
_Avelweignted) BT bris at that time; but at night, when madtoms moved 

into open water, more than 600 specimens were 
Age-I and age-II fish each had condition (K,,) means taken. 
of 1.31, and age-III fish had a condition mean of 1.22 When the aquarium lights were turned on late at 
(1.04-1.62). night, there was a frantic flurry of activity. Some in- 

The largest Wisconsin specimen seen was a 126-mm dividuals headed directly for the mound of stones, 
(5-in) slender madtom from the Oconomowoc River but others swam violently from one side of the 
sample. The largest slender madtom known was a aquarium to the other, their unscaled bodies undu- 
specimen retained in an aquarium at the Museum of lating from side to side like oversized tadpoles. An 
Zoology, University of Michigan, for 12 years; it had occasional individual, totally disoriented, swam the 
attained 113 mm SL (estimated 132 mm TL) (Taylor entire length of the 50-gallon aquarium, and at full 
1969). speed struck the glass with such a thud that it could 

The slender madtom is insectivorous. In late May, be heard the length of the museum. On several oc- 
the stomach contents of a fish from the Bark River casions, an individual knocked itself senseless for a 

contained mostly caddisflies, a trace of midgeflies, few seconds. 
unidentifiable insects parts, filamentous algae, and According to Bunting and Irwin (1965), during a 
debris. In aquariums this species will take a variety holding period of 20 days, a number of slender mad- 
of foods, including earthworms, insect larvae, and toms died when the aeration pump stopped for 24 
dry rations. According to Miller and Robison (1973), hours during a power failure. When aeration was re- 
it hides under stones and in weeds during the day, established, surviving specimens were in poor con- 
venturing forth after dark to feed on insect larvae and dition but recovered within a few hours. 
other small animals. When subjected to toxicity bioassay, using petro- 

Several slender madtoms were studied in a large leum refinery effluent as a toxicant, the slender mad- 
aquarium in the Museum of Natural History at Ste- tom exhibited little reaction to the test solutions. 
vens Point, Wisconsin. In one end of the aquarium, Only when the toxic concentrations were high was 
a number of large stones was heaped up. Each of the there an initial and brief distress. 
six madtoms selected a niche for itself among the 
stones, and seldom ventured from this except when IMPORTANCE AND MANAGEMENT 
food was introduced into the aquarium. When one Predation on the slender madtom by fish or wading 
slender madtom followed food into another's occu- birds is probably low because of its secretive daytime 
pied den, there was a struggle for at least a piece of habits. It may be more vulnerable at night when it 
the worm (W. Paruch, pers. comm.). The fish chased leaves cover. However, the slender madtom can ma- 

and nipped one another when territorial rights were neuver and swim quickly for short distances, and 
violated. probably elude most pursuers. For their size, these 

With the lights on in the room and the aquarium madtoms are fast swimmers and quite energetic. 
bathed in light, there was little activity among the The slender madtom is much too small to be used 
fish. Normally, each individual rested quietly in its as a food fish for people, although it is occasionally 
crevice, and only at long intervals shifted its position. taken with worms on small hooks. 
Sometimes a fish assumed a rigid headstand or tail- Several authors agree that the slender madtom is 
stand position for 15-30 min or more, using a vertical an interesting, adaptable aquarium fish. “Its loach- 
side of a rock as a prop. An individual fish in phys- like form, serpentine swimming-motions, and odd 
iological distress would swim frantically up and poses when at rest add to its interest as a novelty in 
down the side of the aquarium opposite the mound aquaria” (Cross 1967).
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Stonecat Scaleless. Lateral line incomplete. Digestive tract 
coiled, about 1.3 TL. Chromosomes 2n = 48-50 

(LeGrande 1978). 

Noturus flavus Rafinesque. Noturus—back tail, in ref- Dorsal region of head, back, and upper caudal pe- 
erence to the connection between the adipose duncle brown to slate gray; sides yellow-brown; belly 
and the caudal fins; flavus—yellow. yellowish to whitish. Light rectangular patch be- 

Other common names: yellow stonecat, stone cat- tween back of head and origin of dorsal fin; small light 
fish, stonecat madtom, catfish, white cat, doog- patch immediately posterior to base of dorsal fin. 
ler, beetle-eye, mongrel bullhead, deepwater Pelvic fins generally unpigmented; all other fins lightly 
bullhead. to heavily pigmented and light edged. Upper barbels 

lightly pigmented to mottled; chin barbels whitish. 

DISTRIBUTION, STATUS, AND HABITAT 
ai ss In Wisconsin, the stonecat occurs in all three drain- 

nes age basins. It is well distributed in streams within the 
(lle 4 i mh southern one-third of the Mississippi River drainage 

a aes sigan» in Wisconsin, and northward it appears in widely 
i) ee) etl separated streams within the drainage systems of the 

Wisconsin, Black, and Chippewa rivers. In the Lake 
Superior basin, it appears mostly in the mouths of 
tributaries to the lake. In the Lake Michigan basin, 

Adult 162 mm, mouth of Plover R. (Portage Co.), 9 July 1958 disjunct populations occur in the Wolf, upper Fox, 

Milwaukee, and Root river systems. There are no 
records of the stonecat from Lakes Superior and 

DESCRIPTION Michigan. Because of its rubble-type habitat, this 

Body elongate, cylindrical anteriorly, slightly com- species is seldom captured by seine; the usual method 
pressed posteriorly. Length 127-152 mm (5-6 in). TL is by electrofishing. 
= 1.18 SL. Depth into TL 4.6-7.8. Head length into The stonecat is common in tributaries to Lake Su- 
TL 4.1-4.7. Snout pointed, fleshy; barbels arising from perior (Moore and Braem 1965, McLain et al. 1965). 
collar surrounding posterior nostrils, with tips In the southern two-thirds of Wisconsin, it is uncom- 
reaching beyond middle of eyes. Mouth short but mon to common in medium-sized streams of moder- 
wide, horizontal; lips thick and fleshy. Lower jaw ate current. Its status is secure. 
shorter than upper jaw; longest barbel (less than half In Wisconsin, the stonecat was encountered most 
of head length) attached to upper jaw at each corner frequently in clear water at depths of 0.6-1.5 m, over 
of mouth; 4 barbels (outer 2 almost as long as the up- substrates of gravel (34% frequency), rubble (24%), 
per jaw barbels, inner 2 about % length of outer bar- sand (12%), boulders (10%), mud (8%), silt (6%), clay 

bels) attached in a transverse line on the lower chin. (4%), and bedrock (2%). It occurs in moderate to fast 
Numerous small, sharp, or peglike teeth in broad current in riffles, in pools, and around the rock pil- 

bands on upper and lower jaws; tooth patch on up- ings of bridge abutments. It is found in streams of 
per jaw with elongate lateral backward extensions. the following widths: 1.0-3.0 m (4%), 3.1-6.0 m 
Dorsal fin origin decidedly in advance of midpoint (44%), 6.1-12.0 m (20%), 12.1-24.0 m (16%) 24.1-50.1 

between pectoral and pelvic fins; dorsal fin swollen m (16%), and over 50 m (occasional). The crevices 

at base, dorsal fin with a short spine (“-% fin height) among rock slabs which have been loosely placed to- 

and 6-7 rays; dorsal adipose fin long, low, continu- gether to form a bank riprap, serve as habitat niches 
ous with caudal fin and delimited from it by a shal- for this species. Its typical habitat is a stream with 
low notch. Anal fin rays 15-18; pelvic fin rays 8-10. many large, loose rocks. 
Pectoral fin spine short (“4-% fin length), strongly This species has been reported from Saginaw Bay 
notched on its anterior edge from tip of spine to more in Lake Huron and from Lake Erie, where it occurs 
than half of its length; posterior edge of spine smooth from shallows along the shore to depths of 9 m or 
and barbless; poison gland opening by pore above more (Fish 1932, Scott and Crossman 1973), in areas 

base of pectoral fin (Scott and Crossman 1973, Reed where there is a minimum of current but much wave 

1907). Caudal fin roughly rectangular in shape. action (Taylor 1969).
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BIOLOGY The age and growth of 74 stonecats from Wiscon- 
In Wisconsin, the stonecat probably spawns in June sin (UWSP specimens), aged by analysis of the pec- 
or July, and possibly continues to spawn as late as toral spines, are summarized below (Paruch 1979): 
August. Spawning begins when the water temper- 
ature reaches 27.8°C (82°F). The eggs are placed un- joni Sa annplus 
der stones, and are guarded by one or both parents. tte No. of a hese «| 

In New York state, Greeley (1929) found two egg ee 
masses under flat stones on 13 July at a water tem- ‘ a os aoe ee 
perature of 27.8°C. Two fishes, probably the parents, fT 19 148 88-173 48 100 
guarded one mass, and a male was hidden beneath mM 5 189 146-169 42 88 a , IV 1 199 54 9014516 the other. About 500 yellow, opaque eggs, 3.5-4.0 mm v 3 187° 406-488 51 720~«14~S=«47t82 
diam, were held together in a round mass by an ad- 
hesive jelly. In western Lake Erie, stonecats spawn Avg (weighted) 51 95124152162 
in early June on bouldery shoals, or in the lower- 
most riffles of tributary rivers (Langlois 1954). The fe- In 10 stonecats, collected 9 August from Kuenster 
males had well-developed eggs on 27 June; each fe- Creek (Grant County, the total lengths calculated, to 
male held from 767 to 1,205 eggs. the annuli were: 1—52.9 mm; 2—96.4 mm; and 3— 

M. Fish (1932) described and illustrated the 20-mm 102.9 mm (Paruch 1979). 
stage. In the Wisconsin River (Richland County), 14 In the Vermillion River, South Dakota (Carlson 
young-of-year averaged 47 (21-61) mm TL in mid- 1966), the stonecat averages 79 mm TL at the end of 
August, and on the Platte River (Grant County), a its first year of life, and attains lengths of 99, 114, 
single young fish was 32 mm TL on 24 September. and 137 mm by the ends of succeeding years. The
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largest specimen examined was 196 mm, and was in more commonly with the rock bass and smallmouth 
its seventh year of life. bass at water temperatures of 20.7-21.5°C (69.3- 

In Ohio streams (Gilbert 1953), the calculated stan- 70.6°F) (Hallam 1959). 

dard lengths of stonecats according to an analysis of In warmwater streams of southern Ontario with 
the vertebrae were: 1—54mm; 2—73 mm; 3—89 mm; typical water temperatures of 23.9-26.7°C (75-80°F) 

4—104 mm; 5—116 mm; and 6—129 mm. In Lake Erie, during the summer months, the stonecat was an im- 

the yearly growth was somewhat greater: 1—68 mm; portant member of a white sucker-blacknose dace- 
2—121 mm; 3—162 mm; 4—181 mm; 5—195 mm; 6— creek chub-—common shiner association (M. G. John- 

203 mm; 7—208 mm; 8—224 mm; and 9—237 mm. son 1965). In three stream sections studied, there were 
The more rapid growth in Lake Erie was believed to 58-410 stonecats per hectare, representing standing 
be due to the abundance of mayfly naiads as food. crops of 0.34—3.70 kg/ha (0.3-3.3 Ib/acre). 
No difference in the growth of the sexes was noted. In Kuenster Creek (Grant County), 10 stonecats 

The maximum known size for a stonecat is 312 mm were associated with these species: white sucker (+), 

(12.3 in) and 482 g (1 lb 1 oz) (Trautman 1957). central stoneroller (26+), hornyhead chub (26+), 

The food of the stonecat consists of aquatic in- creek chub (1), bluntnose minnow (2), suckermouth 
sects, mollusks, minnows, crayfishes, and plant ma- minnow (19), common shiner (23), rosyface shiner (1), 

terials. In Iowa (Harrison 1950) the stonecat ate the bigmouth shiner (1), johnny darter (1), fantail darter 
following items: aquatic riffle insects (64% of vol- (18), and smallmouth bass (4). 
ume); fish, including spotfin shiners, common shin- 

ers, and a bullhead minnow (14%); crayfish and IMPORTANCE AND MANAGEMENT 
earthworms (9%); filamentous algae and weed seeds Although the stonecat is not subject to much preda- 
of terrestrial origin (7%); and undetermined organic tion, it has been eaten by smallmouth bass and a by 
matter (5%). In Missouri, Pflieger (1975) found that a watersnake (Scott and Crossman 1973). In some 
stonecats consumed the immature stages of various areas, the stonecat is said to be of considerable im- 
riffle-dwelling insects, supplemented with an occa- portance as food for the smallmouth bass, and its level 
sional darter or other small fish. of abundance becomes an excellent index of small- 

Stonecats seek food by their sense of smell or taste, mouth bass abundance (Trautman 1957). There exists 
and they use their barbels as they cruise along close a report of a healthy brown trout, 381 mm (15 in) long, 
to the bottom. They probably feed at night. During that had disgorged a 100-mm (4-in), partially di- 
feeding, they may work their way into quiet water gested stonecat (Walden 1964). 
(Taylor 1969). The stonecat is used as channel and flathead cat- 
Compared to most other members of the family, the fish bait by anglers fishing the lower Wisconsin River. 

stonecat is a solitary catfish. During the warmer Adams and Hankinson (1926) noted its value as a bass 
months stonecats may become common on riffles or bait. On the Ohio River prior to 1925, commercial 
shoals. As colder weather approaches, however, most fishermen caught it in numbers to be used as trotline 
stream stonecats leave the riffles and migrate to water bait. 
as deep as 2.4 m (8 ft) (Gilbert 1953); only a few scat- Jones (1964) has written of the stonecat, “Often 

tered individuals remain behind. As warm weather mistaken for the black bullhead, the stonecat is a fair 
approaches, they again return to the riffles. food fish and is taken in numbers by youthful fish- 

The stonecat tolerates pollution and oxygen deple- ermen who consider the sting of its poisonous spine 
tion which few other fish can survive. Although a inconsequential.” Because of its secretive, nocturnal 
relatively northern species of Noturus, the stonecat is habits, the stonecat is not often seen, but like many 
seldom found in water cold enough to maintain sal- fish it will go after a tempting bait that comes along 
monids. In southern Ontario, a single stonecat was during the day. Although it is of little value as a com- 
taken in association with the brook trout at an average mercial fish or a sport fish, the flesh of the stonecat 

water temperature of 15.7°C (60.3°F), but it occured is excellent (Greeley 1929).
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Flathead Catfish which has a distinct white patch along dorsal border 
(white patch disappears with age); other fins pig- 
mented like adjacent parts of body. All barbels slightly 

Pylodictis olivaris (Rafinesque). Pylodictis—mud fish; to darkly pigmented. Young more contrastingly col- 

olivaris—olive colored. ored than adults. 
Other common names: flathead, Mississippi bull- Sexual dimorphism: In males, a single urogenital 

head, Mississippi cat, Hoosier, goujon, shovel- opening behind anus; in females, two openings uri- 

nose cat, shovelhead cat, mudcat, yellow cat, nary and genital; these openings more pronounced 
Johnny cat, Morgan cat, flatbelly, Appaluchion, in adults than in young, especially during spawning 
pied cat, Opelousas cat, granny cat. season (Moen 1959). 

Hybrids: Experimental flathead catfish x channel 
catfish, flathead catfish x yellow bullhead, flathead 
catfish x blue catfish, flathead catfish x white cat- 
fish (Sneed 1964, Dupree et al. 1966). 

, DISTRIBUTION, STATUS, AND HABITAT 
" In Wisconsin, the flathead catfish occurs in the Mis- 

. sissippi River and Lake Michigan drainage basins. In 
(Forbes and Richardson 1920:180) the Mississippi basin, it is known from the St. Croix, 

Red Cedar, Chippewa, La Crosse, Wisconsin, Peca- 
DESCRIPTION tonica, and Sugar river systems. It reaches the north- 

Body elongate, head and body depressed dorsoven- ern limit of its distribution in the St. Croix River. Ac- 

trally. Length 508-762 mm (20-30 in). TL = 1.15 SL cording to Cahn (1927), the flathead catfish was taken 

in adults; 1.21 SL in young-of-year. Depth into TL 5.3- from the Mississippi River overflows and introduced 
7.6. Head broadly flattened; head length into TL 3.4— into Oconomowoc and Nagawicka lakes. The intro- 
3.8. Snout pointed in lateral view; barbels arising from duced fish did not spawn and are undoubtedly extir- 
collar surrounding posterior nostrils and tips of bar- pated. In the Lake Michigan basin, this species oc- 
bels scarcely reaching back of eye. Mouth short but curs in the lower Wolf and upper Fox rivers and in 
wide, horizontal. Lower jaw protruding beyond up- their lakes. Greene (1935) did not report this species 
per jaw; long barbel (almost reaching edge of oper- from the Lake Michigan drainage, and the possibility 
cular flap) attached to upper jaw at each corner of exists that he overlooked it in his survey. It probably 
mouth; 4 barbels (outer 2 about % length of maxillary entered the Lake Michigan drainage via the Fox-Wis- 
barbels, inner 2 decidedly shorter) attached on chin. consin crossover connection or the canal at Portage. 
Numerous small, sharp teeth in broad bands on up- In Wisconsin, the flathead catfish is rare to com- 

per and lower jaws; tooth patch on upper jaw with mon in the Mississippi River and in the lower por- 
elongate lateral backward extensions. Dorsal fin ori- tions of its major tributaries. Priegel (1967a) listed it 
gin barely in advance of midpoint between pectoral as common in Lake Winnebago. It is uncommon to 
and pelvic fins; dorsal fin spine about % fin height; common in sectors of the lower Wolf River and the 
dorsal fin rays usually 6; dorsal adipose fin long (al- upper Fox River. 

most as long as depressed dorsal fin), separated from In comparing his results on the Mississippi River 
caudal fin and forming a free, flaplike lobe. Anal fin with the earlier findings of Barnickol and Starrett 
rays 14-16; pelvic fin rays 9; pectoral fin spine % to (1951), Schoumacher (1968) concluded that flathead 
% fin length, saw-edged both anteriorly and posteri- catfish are being exploited quite heavily by commer- 
orly; caudal fin straight and slightly notched posteri- cial fishermen. Many fishermen feel that fewer fish, 
orly, not forked. Scaleless. Lateral line complete. especially large fish, are being taken now as com- 
Digestive tract about 1.0 into TL. Chromosomes 2n pared with past years. 
= 56 (LeGrande 1978). Little is known about the biology and the popula- 

Color variable with size and habitat. Dorsal region tion structure of the flathead catfish in Wisconsin. To 
of head, back, and sides light brown to yellow, mot- ensure sustained fishing and a viable population, a 
tled with dark brown or black (mottling tending to long-term, active research program is advised. 
disappear in adults from turbid water); ventral re- Young flathead catfish are often found among rocks 
gion of head and belly yellowish to cream colored. on riffles, occupying the same habitat as the riffle- 
Caudal fin darkly pigmented, except upper lobe, dwelling madtoms. Adults occur in deep pools cre-
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ated by swirling currents. Cross (1967) found: “Many 1966). Both male and female (about 1.2 m long) used 

such pools now exist below concrete aprons of low their tails and mouths to make a hollow in the sand 

dams, and adjacent to bridge-supports that trap down to the bare gravel and rock in one corner of 

driftwood. Such obstructions in the channel disrupt the tank; the completed nest was approximately 1.5 

the streaming flow of the current, leaving deep m diam. 
pockets in the otherwise shallow beds. . . .” The flat- Spawning was witnessed in the Dallas Aquarium 

head catfish prefers tangled timber, piles of drift, or (Fontaine 1944:50-51): 

other cover. As breeding approached the male was often seen with 

the female, swimming over and beside her, gently rubbing 

his belly on her back and sides. His barbels apparently had 

BIOLOGY some effect as they were brought into play almost con- 

The spawning of the flathead catfish takes place in stantly as he rubbed her. There was no apparent change in 

June and July in secluded shelters and dark places. color during spawning, such as has been observed in many 
Spawning occurs at water temperatures of 22.2-23.9°C other species of fish. Presently the male came to rest on 

(72-75°F). A large nest is built. Cross (1967) reported the bottom with his caudal peduncle and caudal fin encir- 

finding a bank nest that had been dug into a steep cling the head of the female. There was then a strong quiy- 

: . " ig movement on the part of the male. This was re 
clay bank with an entrance about 355 mm (14 in) diam, oa time to ti 4 b dat i 1 

hich widened to 813 mm (32 in) inside the nest Fee ee eee te een e tne Mhonihe te nileemne nade 
WEIS . intervals for almost two weeks. When the female was ready 

chamber. The bottom of the nest was silt free, and to spawn she began to deposit her eggs in a depression in 

there was a ridge of clean gravel at the entrance. the gravel that she and the male had prepared, behind an 

Nest construction was observed at the Shedd old tree stump on the ledge to the rear of the tank. The 

Aquarium, Chicago (W. Chute in Breder and Rosen female expelled the eggs in masses of 30 to 50 which were
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then fertilized by the male. At this time the two fish lay The male flathead continues to guard the young 
side by side, with heads in the same direction, turning their after hatching. The young remain tightly schooled for 
bellies together. At times the female quit the nest for a few several days while the large yolk-sac is being ab- 

minutes while the male fluffed and arranged the eggs. sorbed. Cross (1967) noted that by mid-June the young 
During this observation the egg-laying was carried out in leave the nest, and are afterward found mostly on 

about four and one-half hours. Within an hour after the hallow iiffles.. beneath stones or other cover Youre- 
female had quit spawning she was removed from the tank, ae , : : t SORE 
as past experience had shown that she would crush or eat of-year flathead catfish feed mainly on aquatic insect 

the eggs. The male took up guard over the nest at once. larvae, including Chironomidae, Ephemeroptera, and 
Trichoptera. 

Observers of flathead catfish spawning noted that The age and growth of flathead catfish are deter- 
when the male settled over the mass of eggs after mined in most studies by analyzing the rings on sec- 
spawning, he ventilated them strongly with his ven- tions of the pectoral spines. From one to three early 
tral fins, created a current of water with his anal fin, annuli are missing on some of the spines from larger 
and fluffed the eggs by lifting the egg mass with his fish (Muncy 1957). 
ventral fins; he also turned the eggs in a half-arc by In the Mississippi River bordering Iowa (Schou- 
using his mouth or ventral fins to move the egg mass, macher 1968), flathead catfish, ages II to XVI, dem- 
and by slipping his caudal fin under the egg mass he onstrated the following growth: II—356 mm, III—406 
gave it a good shaking in a movement much more mm; IV—462 mm; V—533 mm; VI—556 mm; VII— 
violent than one would expect to see. The male con- 686 mm; VIII—663 mm; IX—655 mm; X—620 mm; 

tinued to drive away the female or any other fish XI—734 mm; and XVI—864 mm. In an earlier study 
coming near the nest: he fought fishes of his own size (Barnickol and Starrett 1951) of catfish from the Iowa- 
or smaller and gently eased the larger fishes away. Illinois sections of the Mississippi River, the growth 

In Texas hatchery pens, the males were vicious in older flatheads appeared to be substantially greater: 
while guarding eggs, and would “tear the female to I—193 mm; II—297 mm; III—373 mm; IV—429 mm; 

pieces” if she attempted to enter the spawning jar V—490 mm; VI—561 mm; VII—608 mm; VIII—795 
containing the eggs (Henderson 1965). Henderson also mm; IX—895 mm; X—838 mm; XI—902 mm; XIII— 

noted that a number of females that had spawned 940 mm; and XIV—978 mm. 
had been killed by the male, even though laboratory A 1.12-m, 24.95-kg (44.1-in, 55-Ib) flathead catfish, 
workers tried to remove the female as soon as pos- caught 23 August 1974 from the Fox River at Eureka 
sible. (Winnebago County), had the following calculated 

The egg mass of the flathead catfish in the Shedd lengths for each year of growth: 1—109 mm; 2—234 
Aquarium contained an estimated 100,000 eggs. The mm; 3—404 mm; 4—497 mm; 5—528 mm; 6—559 mm; 
size of the flathead catfish spawn varies, depending 7—606 mm; 8—652 mm; 9—683 mm; 10—698 mm; 

on the size of the female. Snow (1959) reported an 11—745 mm; 12—776 mm; 13—833 mm; 14—884 mm; 

egg mass which weighed slightly less than 1,089 g 15—962 mm; 16—976 mm; 17—1,008 mm; 18—1,024 

(2.4 lb), and contained about 15,000 eggs. In small mm; 19—1,040 mm; 20—1,048 mm; 21—1,063 mm; 
hatchery-reared brood fish, the spawns numbered 22—1,071 mm; 23—1,087 mm; and 24—1,100 mm 

from 3,000 to 5,000 eggs (Henderson 1965). In Kan- (Paruch 1979). 
sas, three females, 305-610 mm TL, held 6,900-11,300 In Oklahoma (Turner and Summerfelt 1971), the 

eggs, averaging 2.8-3.2 mm diam (Minckley and average K,, for 124 females and 90 males was 1.30 
Deacon 1959). and 1.25 respectively. 

In Oklahoma, estimates of the fecundity of flat- Carlander (1969) noted that the growth of flathead 

head catfish ranged from 4,076 to 31,579 eggs for fish catfish was more rapid on shallow mud flats than in 
1.05-11.66 kg (Summerfelt and Turner 1971). Ripe clear rocky areas. Minckley and Deacon (1959) sug- 
eggs averaged 3.7 mm diam. Forty-five percent of the gested that in Kansas the flathead catfish grew faster 
sexually mature females probably did not spawn, and in the Big Blue River than in the Neosho River, be- 
mature eggs of the unspawned females were re- cause it fed on fish at an early age. 
sorbed. In the Mississippi River, flathead catfish mature at 

Giudice (1965) reported that the hatching of flat- ages IV or V (Barnickol and Starrett 1951). The size 
head catfish eggs occurred in 6-7 days at 23.9-27.8°C at maturity varies considerably: a few are mature at 
(75-82°F); Snow (1959), reported hatching in 9 days 381 mm (15 in), but most are not mature until they 
at 24-25.9°C (75-78.6°F), into fry which were about reach 457 mm (18 in). According to Minckley and 
11 mm long. Deacon (1959), the loss of the light patch at the tip of
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the upper lobe of the caudal fin may indicate sexual cies as rock bass, spotted black bass, and small cat- 
maturity. fishes found in the stomachs of large flatheads lend 

Large flathead catfish are reported yearly from credence to these statements. 
Wisconsin. In the Lake Michigan basin, individuals In the Wabash River, Indiana, the optimum tem- 

weighing 9.1-18.1 kg (20-40 Ib) are common. A 27.7- perature range for the flathead catfish was 31.5-33.5°C 

kg (61-Ib) fish was caught from the Fox River at Eu- (89-92°F) (Gammon 1973). Gammon noted that the 
reka (Winnebago County) in 1966. In the Mississippi flathead catfish is sedentary, and that tagging studies 
River, commercial fishermen have reported speci- suggest that it does not move about enough to en- 
mens as large as 1.5 m (5 ft) and 45.4 kg (100 Ib) counter the other thermal possibilities. In 1971, elec- 
(Harlan and Speaker 1956). In 1911, two flathead cat- trofishing catches of flathead catfish were uniformly 
fish weighing 53.5 and 56.7 kg (118 and 125 Ib) were low among nearly all of the zones studied. In the same 
reported caught on setlines (Bachay 1944). year the Cayuga power plant began releasing heated 

In Wisconsin, a 419-mm (16.5-in) channel catfish effluents into the river which, according to Gam- 

was taken from the stomach of an 18.1-kg (40-Ib) flat- mon, was responsible for a “dramatic . . . increase 
head from the Pecatonica River, and a 457-mm (18- ... in the density of flathead catfish in the heated 

in) northern pike was taken from the stomach of a zones alone.” He reported that in 1972 “the major in- 
7.26-kg (16-lb) flathead from Lake Puckaway. Unlike crease came from large numbers of 100 to 200 mm 
the channel catfish, the flathead is not a scavenger; it long fish, presumably the result of a highly success- 
rarely eats dead or decaying matter. Stomachs usu- ful 1971 year class, the first year class to follow the 
ally contain small quantities of debris consisting of introduction of heated effluents into the river.” 
mud, sand, gravel, pieces of wood, and leaves. Bull- According to Minckley and Deacon (1959), young- 
head and channel catfish spines have been found of-year flatheads move or are carried from the place 
imbedded in the stomach wall or mesenteries of flat- of hatching to swift, rubble-bottomed riffles where 
head catfish. they remain until they are 51-102 mm (2-4 in) TL. At 

In flathead catfish measuring more than 250 mm that size, the young fish become more evenly distrib- 

(10 in) from the Big Blue River, Kansas (Minckley and uted in the stream; some remain on the original rif- 

Deacon 1959), fishes occurred in 90% of the stom- fles, but more move into pools, deeper riffles, and 

achs that contained food and comprised 79% vol- into almost all other habitats. This random distribu- 
ume. The ingested fishes identified from Kansas col- tion seems to be the rule among fish ranging from 
lections were suckers, minnows, channel catfish, 102 mm (4 in) to approximately 305 mm (12 in) long. 

madtoms, darters, sunfish, and freshwater drums. In Large individuals, more than 406 mm (16 in) long, 

the Neosho River, crayfish constituted a large part of are found near the more massive logs and drift piles, 
the diet of larger flatheads. and usually in or near deep holes in the stream bed. 

Flathead catfish feed most actively in May and early A drift pile usually yields only one, or at most two 
June, and from July to September; they feed less dur- or three adults. Each individual has a favorite resting 
ing the winter months and in late June and early July, place where it can be counted on to be each day un- 
when spawning occurs. The flathead is often a pas- less disturbed (Pflieger 1975). In the Mississippi River 
sive predator that lies in wait for its victim (Minckley during the winter, the flatheads go into a “pseudo- 
and Deacon 1959:347): hibernation state, embedding themselves in muddy 

. . . . . holes in forty to sixty feet of water” (Bachay 1944). 
We twice observed the feeding behavior of a 14-inch speci- Two out of three flathead catfish, implanted with 

men in an aquarium. The fish lay motionless, except for ultrasonic transmitters and displaced a distance of 1.3— 
slight movements of the eyes and opercles, and allowed 2.7 km (0.8-1.7 mi) from their site of capture, showed 
the food-fish (Notropis lutrensis) to draw near, on one occa- . oo P’ e 
sion touching the barbels. Then, with a short lunge by the a strong tendency to return to the point of release 
catfish, the minnow was eaten. (Hart 1974). Funk (1957) classified the flathead cat- 

fish as a semimobile species. He reported that 48.9% 
Trautman (1957) has observed flathead catfish feed- of tagged flathead catfish which were recaptured were 
ing at night on riffles so shallow that their dorsal fins found less than 1.6 km (1 mi) from the point of tag- 
stuck out of the water; he has also seen them lying ging; 72.1% were found less than 8.1 km (5 mi) from 
on the bottom, usually beside a log or other object, the point of tagging. No fish was recovered more than 
with their mouths wide open. Ohio River fishermen 80.7 km (50 mi) from the point of release. 
have reported that they have seen frightened fish dart Fighting between members of this species appears 
into the open mouths of flatheads, to be swallowed to be common. When a female flathead was returned 
immediately. The large numbers of such hiding spe- to the tank with a male with which she had spawned
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previously, the two were soon fighting; after they were of the Mississippi River, the estimated sport fishery 
separated each returned to its respective place in the catch was 1,909 flathead catfish weighing 1,280 kg 
tank. However, fighting erupted once more (Fon- (2,821 Ib) (Wright 1970). Bachay (1944) reported that 

taine 1944:51): in a hole below a wing dam near Dresbach (Pool 7), 

‘ : Minnesota, the Kramer brothers took a yearly average 
. . . It was not until late in the afternoon that day that the 
started fighting again. After sparring for a few matirates the of 3.2-4.5 thousand kg (7-10 thousand Ib) of flat- 
female backed away from the male a distance of about 18 head catfish on setlines; their largest catch was taken 
inches, made one rush and struck him in the side. He rolled from December through February. During the winter 

over and floated to the surface, belly up. He was removed of 1942, the Kramer brothers took more than 5.4 

to a reserve tank and lived for two days then died. An au- thousand kg (12 thousand Ib) of flathead catfish in 
topsy revealed that the blow had injured his intestine, gill nets. 

stomach and several other organs. In the upper Fox River, fishermen fish for flat- 
heads with setlines and bank poles using large white 
suckers, redhorse suckers, carp, sheepshead, and 

IMPORTANCE AND MANAGEMENT yellow bullheads on 5/0 and 7/0 hooks. Fishing is done 
The flathead catfish is not particularly vulnerable to at night from 2000 to 0630 hr. B. Curless (pers. comm.) 

predators because of its rapid growth and secretive and another fisherman caught 28 flathead catfish 
habits; however, the survival of 38-51-mm fingerling ranging from 4.54 to 19.05 kg (10 to 42 Ib) in the vi- 

flatheads stocked in ponds containing adult sun- cinity of Berlin (Green Lake County) and Eureka 
fishes and fathead minnows (Pimephales promelas) was (Winnebago County) between 1 July and 14 Septem- 
low—from 0 to 1.5% (Hackney 1966). In ponds where ber 1973. 
there were large numbers of crayfish present, the In the commercial fishery statistics for the Missis- 
flathead fingerling mortality rate was very high sippi River, the flathead catfish is included with the 
(Henderson 1965). channel catfish under the caption “catfish.” The ratio 

The flathead catfish is host to the glochidia of a of flathead catfish to channel catfish is very low; in 
number of freshwater mussels, including Amblema the Iowa waters of the Mississippi River (Schou- 
plicata, Megalonaias gigantea, Quadrula nodulata, Quad- macher 1968), it is 1:49. 
rula pustulosa, Quadrula quadrina, and Elliptio dilatata Some success in the propagation of the flathead 
(Hart and Fuller 1974). catfish has been achieved since the 1950s (Giudice 

Along the lower Wisconsin River, the flathead cat- 1965, Henderson 1965, Sneed et al. 1961, and Snow 
fish is sometimes called the “candy bar,” attesting to 1959). Snow, citing Swingle, reported that in rearing 
the superb flavor and texture of its flesh. It is a much ponds the flathead catfish grew at a rate of 905 g (2 
sought-after prize, and some fishermen specialize in Ib) per year, had an excellent flavor, and appeared 
catching it by setline or bank pole. The methods used promising as a commercial species. Yearling flathead 
for catching flatheads are similar to those used for catfish stocked in May at 178 mm (7 in) and 45 g (0.1 
taking channel catfish, except that only live or freshly Ib), averaged 384 mm (15.1 in) and 635 g (1.4 Ib) 6 

killed baits are effective with the flathead. J. Kincan- months later (Stevenson 1964). From Oklahoma to 

non (pers. comm.), who kept a record of the flathead Wisconsin, the standing crop of flathead catfish 
catfish he took from the lower Wisconsin River near averaged 24.9 kg/ha (22.2 Ib/acre); it ranged from 1.6 
Blue River (Grant County) from 22 May to 15 June to 103.6 kg/ha (1.4 to 92.4 Ib/acre) (Carlander 1955). 

1963, caught 12 flatheads totalling 79.4 kg (175 Ib); The flathead catfish has for some time been used 
they ranged in size from 2.27 to 15.88 kg (5 to 35 Ib), as a fish-control species. Swingle (1964) noted that 
and were taken on bullheads and channel catfish up large flathead catfish are predatory and in several 
to 330 mm (13 in) long. They were caught along steep, cases eliminated larger bluegills. Small flatheads (51- 
grassy banks where old tree roots and logs were in 127 mm) eliminated almost all fathead minnows, while 
evidence. larger flatheads apparently preferred bluegills to fat- 

During 1960, on the Wisconsin River between head minnows; they eliminated all the large bluegills 
Prairie du Sac and Lone Rock, sport fishermen creeled they could swallow, except for a few in the 178-mm 
11 flathead catfish (averaging 660 mm) out of 3,243 (7-in) group, and left very few bluegills in the 102- 
fish caught. Between Lone Rock and the mouth of 152-mm (4-6-in) group. Hackney (1966) noted that 
the Wisconsin River, 16 flatheads (averaging 648 mm) 125 large flathead catfish per hectare (50/acre) did not 
were caught out of a total of 1,528 fish (C. Brynild- completely correct the balance in a population of 
son 1960). During 1967-1968, in Pools 4, 5, 7, and 11 stunted bluegills in 320 days.



Pirate Perch Family— 
Aphredoderidae 

A single living species is known for this family, which is of North 
American origin, and is confined to the fresh waters of the eastern United 

States. The pirate perch is in the last surviving genus of the family 
Aphredoderidae. Another genus lived during the Oligocene or Miocene 
but is now extinct. 

The trout-perch and cavefishes (Amblyopsidae) are distant cousins of 
the pirate perch. Like cavefishes, the pirate perch has its anus and uro- 
genital apertures in the throat region; however, it lacks the adipose fin 
of the trout-perch. 

The pirate perch is a spiny-rayed fish with ctenoid scales bearing a 
single row of teeth along the exposed edges of the scales. The swim 
bladder is simple, and the pneumatic duct to the pharynx is lost (phy- 
soclist). There are 12 pyloric caeca. 
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Pirate Perch incomplete, developed anteriorly. The sensory canal 
system on head is well developed, and consists of 
relatively large sensory canals and numerous sense 

Aphredoderus sayanus (Gilliams). Aphredoderus—more organ clusters (see Moore and Burris 1956). Diges- 
correctly “Aphododerus,” meaning excrement tive tract 1.2-1.6 SL; in adults, anal opening imme- 
throat (from the position of the vent); sayanus— diately behind the throat knob. 

for Thomas Say, the distinguished entomolo- Back dark olive to black; sides lighter; belly yel- 
gist. lowish. In life, specks of iridescent blue (occasionally 

Common name: Forbes and Richardson (1920) attrib- copper, green, or silver) on back and sides. Two nar- 
uted the common name, “pirate perch,” to row, vertical bars separated by a pale interspace at 
Charles C. Abbott, a pioneer ichthyologist, who base of caudal fin. Dorsal and caudal fins slate col- 

observed that a specimen he had in an aquar- ored, other fins more lightly pigmented. 
ium ate only other fish. Breeding males blackish on head and dorsal half 

of body, and tinged with violet. 

DISTRIBUTION, STATUS, AND HABITAT 
w In Wisconsin, the pirate perch occurs in the Missis- 

ie - ; sippi River and Lake Michigan drainage basins, where 

a fe ne ae it reaches the northern limit of its distribution. The 
hsm’. Poe ae principal population centers of the species are the 
i alia is lower Mississippi River, the lower Wisconsin River 

a and its tributaries, and the Des Plaines River water- 

shed. 
Adult 67 mm, Wisconsin R. (Sauk Co.), 21 Sept. 1969 Specimens examined: UWSP 1181 (2) Bear Creek 

TI8N R2E Sec 3 (Richland County), 1962; UWSP (1) 

Wisconsin River T7N R4W Sec 15 (Grant County), 
ams 1962; UWSP 1183 (1) Wisconsin River opposite Bos- 

CU , cobel (Crawford County), 1962; UWSP (1) Wisconsin 
Ee a River T8N R3W Secs 23 and 24 (Grant County), 1962; 
a oa = UWSP 1495 (1) Wisconsin River T7N R4W Sec 21 

"= (Grant County), 1966; UWSP 1910 (2) Des Plaines 

River TIN R21E Sec 4 (Kenosha County), 1968; UWSP 

2035 (22) Wisconsin River T11N RYE Sec 6 (Columbia 

County), 1968; UWSP 3127 (1) Wisconsin River T13N 

Ventral view. Vent is directly behind throat knob. R6E Sec 25 (Sauk County), 1969; UWSP 3772 (1) South 

Branch, Embarrass River T28N R10E Sec 25 (Mara- 

DESCRIPTION thon County), 1970; UWSP 4345 (1) ditch into Lem- 

Body stout, slightly compressed laterally, elevated at onweir River T17N R2E Sec 16 (Juneau County), 1973; 
base of dorsal fin; caudal peduncle thick. Length 83— UWSP 4393 (1) Yellow River T18N R4E Sec 19 (Ju- 

100 mm (3.3-3.9 in). TL = 1.26 SL. Depth into SL neau County) 1973; UWSP 4401 (1) Lemonweir River 

2.8-3.4. Head into SL 2.6-3.0; head broad below, T14N R2E Sec 11 and 12 (Juneau County), 1973; UWSP 

preopercle edge strongly toothed and rough to the 444] (1) Lemonweir River T17N R3W Sec 32 (Juneau 
touch; strong spine near upper edge of opercle. Snout County), 1973; and UWSP 5617 (1) Lyndon Creek 

pointed. Mouth large, oblique, with lower jaw pro- T14N RSE Sec 1 (Juneau County), 1977. 

jecting; numerous minute, villiform teeth in wide Wisconsin Fish Distribution Study (1974-1978) col- 

bands on upper and lower jaws; back of upper jaw lections: (1) Kilbourn Road ditch TIN R22E Sec 6 

reaching to anterior edge of eye. Dorsal fin convex, (Kenosha County), 1976; (19) unnamed channel, Black 
nearer snout than base of caudal fin, and behind pel- River T17N R8W Sec 17 (La Crosse County), 1978. 

vic fins; dorsal fin with 2-3 short spines, 10-11 rays; M. Johnson (pers. comm.) reported this species from 
anal fin 2-3 spines, 6-7 rays; pelvic fins 1 spine, 6 the Root River, the Des Plaines River, and Brighton 
rays. Scales strongly adherent, ctenoid, with a single Creek, (Kenosha County), 1965-1968. L. Andrews 
row of teeth on exposed edges; cheeks and opercles (pers. comm.) reported it from Swamp Creek below 

fully scaled. Lateral series scales 48-59; lateral line Swamp Lake, and lower Rocky Run Creek near its
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|_Aphredoderus sayarus | METI TSE ee O Greene (1935) 
outlet into the Tomahawk River (Oneida County), cies occurs mostly in quiet water, seldom in a sluggish 
1977. or stronger current. 

In Wisconsin, the pirate perch is rare to uncom- The best collection of pirate perch was made with 
mon in sloughs of the Mississippi River, the Wiscon- a minnow seine from backwater of the Wisconsin 
sin River and the lower portions of its tributaries, and River, which had been flooded less than a week pre- 
the Des Plaines River system. Populations are widely viously. The bottom was a gray, organic muck over- 
separated. It seems probable that the records from laid with leaves and sticks at depths of 0.6-1.0 m (2- 
the Embarrass River (Marathon County) in the Lake 3 ft). No current was discernible. 
Michigan basin, and from the upper Wisconsin River 
system (Oneida County), resulted from introduc- BIOLOGY 
tions. This species has been given watch status in The spawning of the pirate perch occurs in the spring, 
Wisconsin. (Wis. Dep. Nat. Resour. Endangered probably in May. It has been suggested in the litera- 
Species Com. 1975, Les 1979). ture that the pirate perch builds a nest which is 

The pirate perch occurs in oxbows, overflow ponds, guarded by both parents. However, Pflieger (1975) 
sloughs, marshes, ditches, and the pools of low-gra- reasoned that since the urogenital pore is situated on 
dient (0.57 m/km, 3 ft/mi) streams. It is found over the throat, the eggs are more likely to be incubated 
sand, or over soft, muck bottoms covered with or- in the gill cavities, as they are in some cavefishes 
ganic debris. Frequently it is associated with brush whose urogenital pore is similarly located. This con- 
piles or dense aquatic vegetation. The streams gen- cept is supported by the work of Martin and Hubbs 
erally are medium- to large-sized rivers, but occa- (1973), who observed that, as the eggs were ex- 
sionally may be creeks less than 3 m wide. This spe- pressed from a female pirate perch, they tended to
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move along a groove into the gill chamber; these au- Plecoptera nymphs, Diptera pupae and adults, 
thors suggested the possibility of buccal incubation. Odonata nymphs, fishes, Ostracoda, and unidentifi- 

At water temperatures of 19-20°C (66.2-—68°F), the able plant and animal materials. 
hatching of pirate perch eggs occurs over 5-6 days In nature, the pirate perch is largely insectivorous. 
(Martin and Hubbs 1973). These authors give devel- Its feeding activity has been described by Parker and 
opmental details from the time of fertilization to the Simco (1975: 573-574): 

10-day larval ‘stage. Forbes and Richardson (1920) ...A high correlation exists between the activity of the 
observed that the young, are protected by the parents food item offered and the willingness of the fish to feed. 
until they are about 8 mm (%s in) long. Very small fish would feed at the surface but only rarely 

In pirate perch, the anterior shift of the vent is ac- would larger fish do so. The larger fish would readily take 
companied by a similar shift of the urogenital duct earthworms from the bottom and did so by forming a neg- 
(Mansueti 1963). The shift begins at the preanal fin ative pressure in the oral cavity and quickly opening the 
region in the 9-mm fish, and proceeds progressively mouth to pull in the prey. When feeding in this manner 

forward to the jugular area as the fish grows larger. fish did not approach the prey directly, but swam along 
In Wisconsin, this movement occurs throughout the side and then turned the head abruptly as the vacuum 
first growing season, and is completed during the pressure was released. Smaller fish did not feed in this 
second year of life. On 21 June, the vent is directly manner but instead picked at the food item repeatedly with 

. s : +. ps the mouth. 
posterior to the insertions of the pelvic fins; by 22 
September, the vent is anterior to the pelvic fins, about Richard Howmiller (pers. comm.), who kept pirate 
one-fourth the distance from the pelvics to the knob perch in an aquarium, suggested that this species 
of the throat; by 24 October, the vent is about one- probably was rare because it would only take food 
half this distance. which was moving and was within 6 mm of its snout. 

In Wisconsin, young-of-year pirate perch were 21.5 The pirate perch has the reputation of being a 
mm by 18 June, 31 mm by 17 July, 44 mm by 28 Au- sluggish fish that swims infrequently during the day. 
gust, and 49 mm by 24 September. Its activity patterns are circadian, and demonstrate 

Twenty-two pirate perch, 51-108 mm TL, collected the nocturnal nature of this species (Parker and Simco 

1 October 1968 from a Wisconsin River slough (Co- 1975). Its nocturnal activities may be related to its 
lumbia County), had the following calculated lengths feeding patterns: it becomes active just before dark 
at the annuli: 1—52 mm; 2—85 mm; and 3—103 mm. when many insects and other invertebrates also be- 
The K,, averaged 1.73 (1.38-2.28). The largest fish was come active, and its activity peaks at dawn, coincid- 
a female which weighed 19.32 g. ing with the activity of a large number of possible 

In Oklahoma (Hall and Jenkins 1954), the calcu- prey organisms. The activity of the pirate perch is 
lated total lengths of pirate perch at the end of each largely restricted to the bottom. Quinn (1976) ob- 
year of life were: 1—55.8 mm; 2—84.5 mm; 3—101.6 served that the pirate perch is “a creature of the night 
mm, and 4—116.4 mm. The rate of growth was most in search of prey.” 
rapid during the first 2 years of life. In North Caro- During the day pirate perch have been observed to 
lina (Shepherd and Huish 1978), females were more pass a considerable time at rest, with their heads up- 
numerous than males, and grew faster in their sec- stream, their large dorsal fins expanded, their caudal 
ond and third years than males. fins partly closed, and their pectorals moving slowly 

The largest pirate perch reported, 126 mm (5 in) (Becker 1923). Parker and Simco (1975) noted that pi- 
TL, came from Sub-Prison Lake, Oklahoma (Hall and rate perch always sought cover, such as rocks, limbs, 
Jenkins 1954). or plants, when available; using their pectoral fins, 

The intestinal tracts of two small pirate perch from they assumed odd positions on plants, either head 
the Wisconsin River (Columbia County) contained up or head down at 30-90° from the horizontal. The 
quantities of green algae. The stomachs of larger fish fish could maintain these positions for hours. All such 
contained ostracods, Hyallela, ants, and fish scales (J. actions may be an attempt to avoid light, an example 
Small, pers. comm.). of fright behavior or perhaps a camouflaging tech- 

In a Virginia study (Flemer and Woolcott 1966), the nique. 

pirate perch had consumed (in decreasing frequency In an aquarium, the larger, more active, pirate perch 
of occurrence): Dipteralarvae,Ephemeropteranymphs, always fed before the smaller ones; however, the 
Hemiptera, Amphipoda, Megaloptera larvae, Cope- larger fish was subordinate to the smaller fish in the 

poda, Trichoptera larvae, Decapoda, plant matter, one area of the aquarium to which the smaller fish
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confined its activities and which it defended. Parker were: central mudminnow, black bullhead, tadpole 
and Simco noted that, when a large fish entered this madtom, grass pickerel, northern pike, largemouth 
area, the two fish took up a side-by-side position only bass, bluegill, black crappie, golden shiner, emerald 
briefly before the large fish was driven out. To drive shiner, pugnose minnow, and fathead minnow. 
out the larger fish, the smaller fish occasionally 
nipped, but primarily it used the dorsal portion of its IMPORTANCE AND MANAGEMENT 
head as a battering ram. The ecological importance of the pirate perch is not 
When confined, the pirate perch’s aggression is known. In the north, where it is rare, its presence in 

turned to other species as well as members of its own. the natural community is probably inconsequential. 
Five pirate perch in an aquarium attacked and killed The pirate perch makes an attractive aquarium fish 
three black bullheads, three emerald shiners, and four if kept by itself in a planted, well-aerated, and well- 
central mudminnows (J. Small, pers. comm.). Quinn matured tank at a room temperature no higher than 
(1976) noted a general thinning out of tank tenants, 22°C (71.6°F) (Sterba 1973). It must be provided with 

as well as nipped tails on the larger fish, in aquari- suitable hiding places among stones or under pieces 
ums containing pirate perch. of broken flowerpot. It will accept live foods only: 

Fish species associated with the pirate perch in a minnows, earthworms, Daphnia, and mosquito 
slough of the Wisconsin River (Columbia County) larvae.



Trout-Perch Family— 
Percopsidae 

A single genus and only two species are recognized in this family, which 
is placed in the same suborder with the Aphredoderidae (pirate perch) 
and Amblyopsidae (cavefishes). Regarded as of North American origin, 
the trout-perch is thought to have repopulated North America in post- 
glacial times from a refugium in the Mississippi Valley. 

The trout-perch is a surviving remnant of a fauna which marked the 
transition from soft-rayed, herringlike forms to the later appearing groups 
of spiny-rayed fishes. It resembles both a trout and a perch: its adipose 
fin and naked head are features of the Salmonidae, its ctenoid scales and 
fin spines, and the form of its mouth, make it appear to be related to the 
Percidae. 

The trout-perches possess large heads, and nonprotractile premaxillar- 
ies which form the border of the upper jaw. Their dorsal, pelvic and anal 
fins are each preceded by one to two weak spines. The scales are small, 
and have only a single row of weak ctenii on their exposed edges. 
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Trout-Perch SYSTEMATIC NOTES 
The species treated here—the trout-perch, Percopsis 
omiscomaycus (Walbaum)—is the common wide- 

Percopsis omiscomaycus (Walbaum). Percopsis—perch- spread form within this genus. The sand roller or 
like; omiscomaycus—probably an Algonkian In- western trout-perch, Percopsis transmontana (Eigen- 
dian name that includes the root “trout” (Mc- mann and Eigenmann), is found in the lower Co- 
Phail and Lindsey 1970). lumbia River system of Washington, Oregon, and 

Other common names: grounder minnow, sand roller, Idaho; this species has two stout spines in both the 
silver chub. dorsal and anal fins. 

DISTRIBUTION, STATUS, AND HABITAT 
In Wisconsin, the trout-perch occurs in all three 
drainage basins. It is a characteristic species in large 

bt. rivers and widely scattered lakes of the Mississippi 
Peis ee PS River and Lake Michigan basins; in the Lake Supe- 

" ee ee : rior watershed, it occurs in almost all of the tributary 

‘ —— : streams. 
= a In Wisconsin, the trout-perch is uncommon to 

common in the Mississippi and Wisconsin rivers. It 
is common in the Chippewa River and its connecting 

Adult:171imm: Green Bay:(Door Co:), 6 dunes 962 lakes in Sawyer County, and in Lake Superior and its 
tributaries. It is common to abundant in Lakes Poy- 

DESCRIPTION gan, Winnebago, and Michigan. ; ; 

Body elongate, cylindrical, but slightly compressed d ms Fake prefers the ene a 
laterally; caudal peduncle long and tapered. Average I ee i “a es a. dealion re aol Al a wv 
length 76-102 mm (3-4 in). TL = 1.24SL. Depth into land lakes; it avoids shallow, mud-filed bays: It is 
SL 3.9-4.5. Head into SL 3.3-3.6. Snout long present in tributary streams, particularly during 
pointed; upper lip groove not continuous over tip of Ce : a H most frequentlyain dear 
snout. Mouth large, horizontal to slightly oblique; to slightly turbid water. It was found over substrates 

corner of mouth below nostril and far short of ante- Of sane (9% Ereqiteney), niud (28%), gravel 5%), 
rior edge of eye; numerous minute, villiform teeth in anciboulders (15%). 

wide bands on upper and lower jaws. Dorsal fin 
slightly falcate, nearer tip of snout than base of cau- Phen in, th , f the trout:perch. oc 
dal fin, its origin over the origin of pelvic fins; dorsal Benn tate K dle fame ° d c ‘ech Ee a : 

fin with 2 spines, 10-11 rays; small dorsal adipose i wie ale pu 0 June, and proba y conger. on 

fin; anal fin 1 spine, 6-7 rays; pelvic fin 1 spine, 8-9 ase a ee ie hikes Spawins tan at 

rays. Scales ctenoid, with a single row of teeth on wines as, See io oe ae Ste cad | aes 
exposed edges. Lateral line scales 47-52; lateral line in lak . ll lected fo _ but tout 

complete. Digestive tract 0.5 TL; 10-14 pyloric caeca. m “ni “. be Wn bas eo tor TE cmved ur Ero 
Translucent appearance in life. Back and sides pale eon rate. foo or Wee euntos secon ae wack 

olive; belly whitish. A silvery stripe along lateral line; femal = durin . the spawning act. Priegel eon d the 
5 distinct rows of dark spots—2 rows along either side, fallowin a sual P ns hi e on (p: 113): 
and 1 mid-dorsal row; the lateral line row consisting ing unu SPAWAIN PHENOMENOH ARs : 

of 10-12 conspicuous spots. Fins lightly pigmented . . . Insome cases, wave action forces the fish onto the rocks 
along rays; membranes occasionally lightly pig- and as the water recedes, the fish are left on the moist rocks 
mented in dorsal, caudal, and anal fins. where the eggs and milt are released. Upon return of the 

Sexual dimorphism: According to Kinney (1950), in next wave, the fish are swept back into the water and the 

males, the urogenital opening is small, and cannot hee oe about. The eggs do not adhere to the rocks 
accept a 0.5 mm diam probe; in females, the opening ut fall: between! them, 
accepts a 1 mm probe. Scott and Crossman (1973) Since the trout-perch are random spawners, no care 
were unable to employ this test for sexing trout-perch is given to the eggs or fry by either parent. 
successfully, particularly with ripe or spawning fish. Details of trout-perch spawning behavior in streams
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|_Percopsis omiscomaycus | QE ie See] LTO Greene (1935) 
have been provided by Magnuson and Smith (1963). mately 2% months (from May until August), with two 
Trout-perch congregated off the mouth of Mud Creek or more periods of increased spawning, or greater egg 
(tributary to Lower Red Lake, Minnesota) before and fry survival. In Lower Red Lake, spawning oc- 
sunset and moved into the creek after dark; as the curred along the beaches in water less than 1.1 m (3.5 
fish swam into the creek, they moved from warm lake ft) deep. 
water into relatively cooler creek water. Most of the Magnuson and Smith noted that the age composi- 
trout-perch moved out of the creek again by sunrise. tion of the spawning population was: 31%—age |; 
However, during the first half of July spawning was 61%—age II; 8%—age III; and 1%—age IV. Males 
observed regularly in Mud Creek at midday (p. 93): generally mature and spawn at a younger age than 

. . Spawning in Mud Creek took place within 4 or 5 inches females, have a higher mortality rate, and conse- 
of the surface and was concentrated near the edges of the quently disappear from the population at a younger 
stream. Two or more males clustered around a single fe- age. Age I spawning males are subject to high mor- 
male and just before the eggs were extruded the males tality, which seems to be coincident with the period 
pressed close to the sides of the female and all 3 fish occa- of the highest water temperature and the peak of 
sionally broke the surface of the water as the eggs and milt trout-perch spawning. In 1957, this peak occurred in 
were simultaneously released. The eggs, which are more mid-July. Priegel (1962a) noted that in Lake Winne- 
dense than water and have a sticky surface, sank as they bago, adult trout-perch which have just spawned are 
area bine me current until they touched the bottom to washed ashore in great numbers; these are erro- 

which they adhered. neously reported by local residents as a large die-off 
Based on the size of the young-of-year sampled, of small walleyes. In western Lake Erie, most trout- 
Magnuson and Smith concluded that in Minnesota perch spawn at age I and few males or females live 
the trout-perch has a spawning season of approxi- to spawn at age II (Kinney 1950).
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A number of gravid female trout-perch were taken A large Wisconsin specimen 152.5 mm long (UWSP 
over sand and rock in the Red Cedar River (Dunn 2467) was taken from Green Bay near Pensaukee 

County) on 19 April 1974. As these fish were handled, Harbor (Oconto County) during the summer of 1968. 
eggs poured from the genital opening. One female, Young trout-perch consume greater numbers of 
126 mm TL and 20.56 g, with ovaries 19.4% of the zooplankton than larger fish of the same species 
body weight held 1,825 yellow, ripe eggs, 1.3-1.5 mm (Tomlinson and Jude 1977). In Lake Winnebago, the 
diam; and an approximately equal number of white, young feed primarily on cladocerans, copepods, and 
immature eggs, 0.7-1.0 mm diam. Magnuson (1958) rotifers (Priegel 1962a). 
believed that the immature eggs do not ripen during In the Duluth-Superior and Apostle Islands areas 
the same spawning season, and that each female of Lake Superior, crustaceans (principally amphi- 
therefore spawns once each season. He determined pods and Mysis) were the predominant food of trout- 
the relationship between the number of mature eggs perch, followed closely by insects (primarily chiron- 
held by a female and the total length of the ripe fe- omids) (Anderson and Smith 1971b); mollusks 
male by the formula log y = —3.247 + 3.029 log x, (Sphaeriidae), plant material, oligochaetes, and Hi- 
where x = total length of ripe female trout-perch and rudinea also were consumed. In southeastern Lake 
y = number of mature eggs in both ovaries. Michigan (Tomlinson and Jude 1977), chironomid 

Artificially fertilized trout-perch eggs were 1.87 mm larvae appeared most frequently in stomachs (80% 
diam, and hatched out in 6.5 days at water temper- occurrence), followed by amphipods (48%), clado- 
atures of 20-23°C (68-73.4°F) into larvae approxi- cerans (39%), and copepods (29%). Pontoporeia affinis 

mately 5.3 mm long (Magnuson and Smith 1963). The was the primary amphipod, and Chironomus the most 
yolk-sac was absorbed 4-5 days later at a length of frequently consumed chironomid; Cyclops was the 
approximately 6.2 mm. Fish (1932) illustrated and most common copepod, and the benthic Eurycercus 
described the 6-, 7-, 9.5-, and 35.5-mm stages. At 39.5 was the most common cladoceran in trout-perch 
mm the trout-perch is fully scaled and has assumed stomachs. Fish eggs were observed in only two 
the adult appearance. stomachs. In Lake Winnebago (Priegel 1962a), trout- 

In northern Wisconsin, young-of-year trout-perch perch feed on lake fly larvae (Chironomus plumosus), 
are 27 mm long by 27 June, and by late September other insect larvae, and leeches. Occasionally small 
they range from 43 to 57 mm. In Lake Winnebago minnows and darters are eaten (Kinney 1950). 
(Priegel 1962a), they were 25-30 mm in June, and at Even in waters where the trout-perch is abundant, 
the end of the first growing season (mid-October) they it is seldom seen, for it appears to stay in deep water 
were 71-81 mm long. By comparison, in western Lake during the day and to move into shallow shore wa- 
Erie (Commercial Fisheries Review 1961) growth is ter- ters after dark. It is seldom caught during lake sur- 
minated by 15-30 October at an average length of 84 veys, except by night seining, although it can be 
mm (3.3 in). caught by otter trawls in the daytime. During the 

In Green Bay, 50 trout-perch, 63-146 mm TL, 1960-1961 survey of Lake Winnebago (Becker 1964b), 
showed the following growth at the annuli: 1—70 mm; in 23 daytime seinings along all shores of the lake 
2—90 mm; 3—109 mm; and 4—135 mm (P. Kanehl, only a single individual appeared, although it is one 
pers. comm.). Trout-perch in Lake Winnebago (Prie- of the most common fishes in the lake. 
gel 1962a) were 81-91 mm (3.2-3.6 in) in the fall of In the Apostle Islands region of Lake Superior, no 
their second year of life. In Minnesota, the average seasonal trends in the distribution of trout-perch were 
calculated growth of male trout-perch from Lower Red noted (Dryer 1966). The all-season averages indi- 
Lake was: 1—50.8 mm; 2—88.2 mm; 3—103.5 mm; cated that trout-perch were widely distributed down 

growth of females was: 1—51.4 mm; 2—92.2 mm; 3— to 90 m, and most abundant at 18-35 m and at 55-71 

108.3 mm; and 4—114.7 mm. Fish lengths were cal- m. In southeastern Lake Michigan, this species is re- 
culated with an intercept of 8.32 mm (Magnuson and stricted to shallow and intermediate depths (Wells 
Smith 1963). These authors noted spawning checks 1968), and it is mainly found in water of 10-16°C (50- 
(false annuli resulting from growth interruption dur- 60.8°F). Wells observed that in 1964, most trout-perch 
ing spawning) located just outside the first annulus. in the small catches of February—April were taken at 

In older fish such false annuli were not seen, since 22-31 m. In May, they were concentrated nearer shore 

growth for the year did not occur until after spawn- at 9-13 m, and during the summer this continued to 
ing took place. The annulus for the year was depos- be the depth at which they were found in greatest 

ited in age-I fish in June, and in age-II fish in late abundance. By 14 October, they were back in deeper 
July or early August. water at 18-37 m, the largest numbers at 22 m. Ina
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4-day period in mid-August, Wells noted a pro- major link in the food cycle of many waters. Al- 
nounced shift of the population into deeper water though trout-perch are competitive with larger fish 
following a sudden increase in water temperature. in that they occupy the same habitat and feed upon 

During early September 1977, trout-perch in Lake the same foods as the young of all the important game 
Michigan off Grand Haven, Michigan, were cap- and food fishes, they have become a major source of 
tured more frequently at night than during the day food to many game fishes. 
(Brandt 1978). Data suggest that either the trout-perch The trout-perch is readily taken on a hook baited 
were avoiding the bottom trawl during the day, or with angleworms. It has sometimes been used as a 
that extensive onshore-offshore migrations were oc- panfish. 
curring. During the day, trout-perch concentrated The fact that the trout-perch has large eggs, and 
where water temperatures were greater than 15°C that lake populations have a prolonged spawning 
(59°F); the thermal distribution of trout-perch ex- period, suggests that this species may be useful in 
panded at night to 7-18°C (44.6-64.4°F). laboratory studies in which eggs are required—and, 

Fish species associated in Green Bay (Door County) indeed, it has been used in a limited way for such 
with 98 trout-perch were: white sucker (1), alewife studies (Scott and Crossman 1973). 

(3), creek chub (1), bluntnose minnow (5), fathead In many waters, the trout-perch is a common part 

minnow (2), common shiner (3), blacknose shiner (1), of the fish fauna. In Green Bay, where it is abundant, 
spottail shiner (68), rainbow smelt (1), black bull- this species occurred in 32% of the drags, and its 
head (4), yellow perch (10), and fantail darter (1). overall catch rate was 0.91 kg (2 Ib) per drag. One 

large catch of 45 kg (100 lb) was made at 15 m off 
Sturgeon Bay (Reigle 1969a). In Lake Poygan the trout- 

IMPORTANCE AND MANAGEMENT perch constituted 53.4% of the catch; in Lake Winne- 

Trout-perch are eaten by walleyes, northern pike, bago, 62.4% (Becker 1964b). In the Mississippi River, 
burbot, lake trout, brook trout, sauger, yellow perch, R. C. Nord (pers. comm., 1964) noted that fairly large 
and freshwater drum. In Canada (Lawler 1954), 63 numbers of trout-perch have been trawled in the vi- 

trout-perch were found in the stomach of 1 northern cinity of La Crosse and in Lake Pepin. However, in 
pike. In Minnesota, sheepshead which moved into many waters populations fluctuate strongly from year 
the trout-perch spawning streams contained as many to year. In Lake Winnebago (Priegel 1965), during July 
as 19 trout-perch per fish (Magnuson and Smith 1963). and August 1960, 208 and 155 fishes were captured 
In Lake Winnebago, fry of trout-perch were eaten by per haul during the day, and 113 and 74 fish at night. 
10- to 50-mm walleyes to a limited extent, and, along During July and August 1961, the catch per haul of 
with the freshwater drum, were the most important trout-perch decreased to 29 and 11 fish during the 
forage consumed by 51- to 75-mm walleye finger- day and 9 fish at night. In Lake Superior streams the 
lings (Priegel 1970b). trout-perch is widespread, but its numbers fluctuate 

The trout-perch makes its greatest contribution as widely.



Cod Family— 
Gadidae 

Only one species, the burbot, appears in Wisconsin. It is a truly fresh- 
water form and is circumpolar in distribution. The family Gadidae is 
represented by 25 species in the United States and Canada, 23 of which 
inhabit the Atlantic and Pacific oceans. This is the well-known marine 
family which contains the cod, the haddock, and many other important 

food species. 
The cods have large heads and wide gill openings. Their jaws are ter- 

minal or nearly so, and both jaws and vomer are equipped with numer- 
ous small teeth in wide bands; there is a small barbel at the tip of the 

chin. The scales are small and cycloid. All the fins are soft rayed, and 
the pelvic fins are set far forward. In the burbot, the pelvic fins are in 
the throat region and are anterior to the pectoral fins; this is the only 
Wisconsin species with the pelvic fins positioned in front of the pector- 
als. In the cods, the caudal vertebrae become smaller posteriorly, and 
the pneumatic duct from the swimbladder to the pharynx is lost (phy- 
soclist). 
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Burbot Cedar, Wisconsin, Rock, and Wolf-Fox river systems. 

Its distribution in the unglaciated portion of the state 
is sporadic. 

Lota lota (Linnaeus). Lota—the ancient name used by The chronology of the changes in abundance of 
Guillaume Rondelet, a French zoologist; in burbot in Lake Michigan suggests that the sea lam- 
French, la Lotte. prey was responsible for the burbot's decline in the 

Other common names: lawyer, lake lawyer, ling, ling mid-1940s, and that sea lamprey control led to an 
cod, eelpout, freshwater cod, cusk, spineless upswing in burbot numbers in the late 1960s. (Wells 
catfish, gudgeon, mud blower, mother eel and McLain 1972). The burbot is uncommon in the 
(Kansas), maria (Saskatchewan, Manitoba, Mississippi River, although at one time it was re- 
northern Ontario), methy (northern Canada), ported as common in Lake Pepin (Wagner 1908). It is 
lush (Alaska), dogfish (Minnesota). common in the Flambeau watershed and in the tri- 

butaries to Lake Superior; it is abundant in Lakes 

Poygan and Winnebago. Its status in Wisconsin ap- 
Fee ee pears to be secure. 

KS Sa PY AONB ee 3 vine =< The burbot frequents cool waters of large rivers, 
— " eae rn tA and the lower reaches of their tributaries, and lakes— 

. % particularly in northern Wisconsin. It is encountered 
most frequently at depths over 1.5 m (immatures at 

258 mm, Beaver Cr. (Trempealeau Co.), 28 June 1977 lesser depths) over substrates of mud, sand, rubble, 

boulders, silt, and gravel. It was found in streams of 

DESCRIPTION the following widths: 1-3 m (13%), 3.1-6.0 m (25%), 

Body elongate, cylindrical anterior to anus; laterally 12.1-24.0 m (25%), and more than 50 m (38%). It pre- 
compressed posterior to anus. Length 305-483 mm fers patches of plants and trash when young, stony- 
(12-19 in). TL = 1.08 SL. Depth into SL 6.2-7.7. Head bottomed riffles when half-grown, and undercut 
into SL 4.4—4.8; head flattened dorsoventrally. Snout banks when adult (Hubbs and Lagler 1964). 
pointed; upper lip groove continuous over tip of 
snout. Mouth large, almost horizontal; posterior edge BIOLOGY . . 
of upper jaw behind pupil of eye; numerous minute The burbot is the earliest spawner of all Wisconsin 
teeth in wide bands on upper and lower jaws. One fishes. Spawning occurs in mid-winter, or in the early 

median chin barbel, and barbel-like, tubular exten- spring before the ice has melted. In the Lake Michi- 

sions for each nostril opening. Dorsal fins 2; first gan basin, adults spawn from January to March. In 
dorsal low, short with 8-16 rays; second dorsal low, Lake Winnebago, burbot spawn on rock and gravel 

long with 61-81 rays. Anal fin rays 52-76; pelvic fin reefs from late January to early February (Weber 1971). 
rays 5-8, the second ray prolonged into a tapering In the Bayfield area of Lake Superior, most burbot 

filament. Scales cycloid, embedded in cheeks, oper- collected had spawned by late February and early 

cles, and body, so small as to be almost invisible ex- March; spawning in the Apostle Islands region may 
cept in large adults; under microscope the scales have continue into late March (Bailey 1972). 

heavy circuli which appear like growth rings in a Burbot spawn in deep water in some areas, but the 
gymnosperm twig; lateral line complete. Pyloric caeca spawning site is usually in shallow bays in 0.3-1.2 m 
31-150. Large liver without gall bladder. (1-4 ft) of water over sand or gravel, or on gravel 

Adults uniformly yellow, or light brown to black, shoals 1.5-4.6 m (5-15 ft) deep. Spawning usually 
or mottled with dark brown or black on back and takes place at night, and the spawning grounds are 
sides; belly whitish. Young fish conspicuously speck- deserted in the daytime. The surface water temper- 
led, or with dark vermiculations. Dorsal, caudal, and ature is close to freezing; no nest is built, and no care 

anal fins mottled and more or less dark edged; pec- is given the young. 
toral fins mottled; pelvic fins white to slightly pig- The spawning act of the burbot has been observed 
mented. a number of times. E. Fabricius noted (Breder and 

Rosen 1966:376): 

DISTRIBUTION, STATUS, AND HABITAT The female slowly swam about on a sand bottom in a tilted 
In Wisconsin, the burbot occurs in all three drainage posture, with lifted tail and her head pointed downwards, 
basins and in all boundary waters. Its distribution is dragging the chin barbel and the prolonged second rays of 
mainly associated with the St. Croix, Chippewa—Red the pelvics along the ground. The male approached her from
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behind, swam in under her belly and placed his head un- slowly, weaving in and out of the living ball. About a dozen 
der hers, so that her chin rested on his crown. In this po- fish were involved. .. . 
sition the couple swam about at the bottom for some min- . 3 ‘ . 
utes. The male suddenly rotated his body half a turn, The mass of fish, about 76 cm (30 in) diam, was in 
pushing his belly against the vent of the female. In this water about 1.2 Mm (4 ft) deep. . . 
mating act a cloud of eggs and sperm was released. After In Lake Superior burbot (Bailey 1972), the esti- 
mating the male and female separated for a moment, the mated number of eggs in the ovaries of eight fe- 
female performed a series of powerful tail beats which males, 373-541 mm (14.7-21.3 in) long, ranged from 
stirred up the sexual products and scattered the eggs. The 268,832 to 1,154,014. In New York (Robins and Deu- 
eggs were carried about by the water movements caused bler 1955), a 643-mm, 2.8-kg (25.3-in, 6.1-lb) female 
by this activity, but they finally sank down to the bottom. held 1,362,000 eggs. The average diameter for the 

semipelagic eggs varies with the region, but gener- This activity was repeated until the female was spent. ally . bare 1.25 to 1.9mm e 8 
m Cahn ae observed poe spawning by the The incubation period of burbot eggs is from 4 to 5 
urbot in Minnesota (p. 164): weeks, at a water temperature of 4°C (39.2°F) (Breder 

On the night of February 12 the interesting phenome- and Rosen (1966). Fish (1932) provid as wae Som : ; the 3.5- to 19-mm stages, along with descriptions of non of breeding was observed. . . . At first a dark shadow : . 
was noted at the edge of the ice, something which ap- these and the 30.5-mm stage. The median barbel is 
peared to be a large ball. Eventually this moved out into recognizable in the 10.9-mm stage. 
view and it was seen to be indeed a ball—a tangled, nearly Many newly hatched young burbot are found on 
globular mass of moving, writhing lawyers. The fish were the shallow, sandy bottoms of lakes (Eddy and Sur- 
all intertwined, slithering over one another constantly, ber 1947) and in trout streams which may act as nur-
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sery streams (Harlan and Speaker 1956). In Lake Hu- in) or more in size. One must keep in mind, how- 
ron, burbot production occurs in the large bays, but, ever, that this study of food habits was made before 
like smelt, the young disperse throughout the sur- the advent of the alewife brought about dramatic 
face waters over deep water and display a limnetic changes in the fish populations of these waters. The 
pattern of distribution (Faber 1970). In Lake Erie, Fish diet of the burbot today may be quite different than 
(1932) noted larval and postlarval stages 3-15 mm long it was in the 1930s, and it now probably includes the 
at 5-60 m from mid-June to mid-August. abundant alewife. 

Age is determined by counting the annular rings According to Scott and Crossman (1973), in streams 
of the otoliths. Burbot from western Lake Superior small burbot 51-305 mm (2-12 in) long feed on Gam- 

(Bailey 1972) showed a considerable overlap in lengths marus, mayfly nymphs, and crayfish. Adult burbot 
from year to year, but the average estimated lengths become voracious, feeding on most available fishes 
were: 0—145 mm, I—254 mm; II—300 mm; IIJ—340 and crayfishes, dead or alive. Perch up to 254 mm 
mm; IV—376 mm; V—409 mm; VI—439 mm; VII— (10 in) long have been reported from Wisconsin bur- 

478 mm; VIII—513 mm; IX—551 mm; X—594 mm; bot stomachs. A 559-mm (22-in) burbot, seined from 
XI—645 mm, and XII—711 mm. The estimated an- Lake Winnebago, had swallowed all but the tail of a 
nual weight increments ranged from 27 g to 118 g 406-mm walleye (Colburn 1946). One 483-mm (19-in) 
through age VI, and from 163 g to 586 g from age VII burbot contained five 76-mm perch, six 51-mm cray- 
through age XII. fish, six large burrowing mayfly nymphs, and one 

About 59% of the Lake Superior males, but only dragonfly nymph (Wis. Conserv. Bull. 1948 13[4]:31). 
5% of the females, were mature at age J; all burbot of Adams and Hankinson (1926) remarked about the 
both sexes were mature at age V. The shortest ma- burbot's capacity for food (p. 518): 

a op was - srl (9.7 in) long; all es rE If he can procure food he will not desist from eating so 
than mm (16.4 in) long were mature. The short- long as there is room for another particle in his capacious 

est mature female was 272 mm (10.7 in) long, and all abdomen. He is frequently taken with his abdomen so much 

females longer than 404 mm (15.9 in) were mature. distended with food as to give him the appearance of the 
Burbot specimens up to 1 m (39.4 in) long, with globe or toad-fish. 

weights of 25-30 kg (55-66 Ib) and ages of 15-20 : . 
years, have been reported, mainly from Siberia (Muus . — mu rbot donot feed au TIN bo e aah ite pe- 
and Dahlstrom 1971). Large burbot from Lake Win- ais ‘4 ne gin: to prey They y on net Ish Imme- 

nebago reach a length of nearly 76 cm (30 in) and lately after spawning. They supposedly come into 
weigh 3.6—4.1 kg (8—9 Ib) (Lewis 1970). es water to feed at alien a — 

z x timum temperatures (Scott an rossman 
In Lake Superior (Bailey 1972), burbot of all ages P. Pe . rai 5 6 

had eaten fish and crustaceans. The fish consumed for the burbot ars 12,0-18:3 c (60-65°F); 23.5°C (7£F) 
: : ; appears to be its upper limit. The preferred temper- 
in order of frequency were sculpins (slimy and i bikes, d nad By lab 
spoonheads), smelt, bloater, ninespine sticklebacks, ature o° Y eie el OPC 70 OE) Penne +958 a 
trout-perch, and lake trout. Fish eggs, probably the es —_ (70.2°F) ( ihe an di A fall 

eggs of lake herring (Coregonus artedii), occurred in MEG SHES Wand) SUTaTHe® montis; (ane uulnelta 
21.4% of the burbot stomachs during the fall. The when the water temperature has declined, the larger 

crustaceans Mysis relicta and Pontoporeia affinis ap- purer ie eres poeta i Pe ee — 
peared in over half of the stomachs examined, and OF BEE AEs Dh BIE POSES “SANS FEBION OF axe oe 
fingernail clams occurred in 26% of the stomachs. In- perior the burbot shows a wide distribution from the 

: . : shallowest water to 126 m, with the largest catches 
sects were relatively unimportant. The presence in 

. 3 taken at 18-35 m. Koelz (1929) noted that the burbot 
burbot stomachs of rocks, wood chips, clinkers, plas- . 

: ; : : was taken in numbers near Stannard Rock at a depth 
tic, and other inert materials suggests that their feed- wo: 
ing had been rather indiscriminate. of 210 m. In northeastern Lake Michigan, there was 

In Lake Michigan and Green Bay (Van Oosten and a characteristic monthly inshore concentration of 
5 ‘ y burbot at 13-18 m or at 19-21 m, and a second con- 

Deason 1938), food consisted of fish (74% volume) ; 31-34 han 34 v, 
and invertebrates (26%). The dominant items in centration, at Of tm, ‘OFat more: than. m (Van 

southern Lake Michigan were sculpins (76%); in Oostenvet-al..1946). 

northern Lake Michigan, coregonid chubs (51%) and 
Pontoporeia (37%); and in Green Bay, trout-perch (34%) IMPORTANCE AND MANAGEMENT 

and Mysis (26%). The consumption of invertebrates Burbots are eaten by other fishes. At Two Rivers (Lake 

decreased with increases in the size of the burbot. Michigan), a lake trout 597 mm (23.5 in) long had 76 

Fishes were eaten after burbots reached 330 mm (13 mm (3 in) of a burbot tail projecting from its mouth;
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the head had been digested, but the body was 356 by commercial fishermen have often been discarded 
mm (14 in) long without it. Young burbot are eaten because of the lack of a profitable market. 
by smelt, yellow perch, and other fishes. In the Wisconsin waters of the Mississippi River in 

The burbot is readily caught through the ice in late 1973, burbot landings totaled 9,500 kg (21,000 Ib) and 

winter, with minnows used as bait at the end of hand were valued at $3,000 (Pileggi and Thompson 1976). 
lines, tip-ups, and conventional rods and reels. Since In 1970, 10,991 kg (24,230 Ib) were removed by state 
the goal of Wisconsin ice fishermen is generally wall- crews from Lake Winnebago, and 1,678 kg (3,700 Ib), 
eyes, however, the burbots caught are unwelcome and from Lake Poygan (Miller 1971); some were sold for 
are frequently left on the ice. In the East, burbots are domestic mink food. 
said to attract large numbers of herring gulls which The flesh of the burbot resembles that of the 
come down to within a few feet of fishermen; there cod and haddock, and in flavor it is the equal of 
are reports of substantial windbreaks being made of many game fishes. For best results, the fish must be 
the carcasses of these fish. skinned and used fresh since the meat gets tough 

The burbot is classified a rough fish by the state of when frozen and has a rubbery texture when it is 
Wisconsin. Liberal regulations permit fishermen to thawed. 
spear and to net it, and there are no restrictions on In the mid-1920s fishery biologists predicted that, 
fish size or on bag size. Spearing for burbot is al- as a source of human food, the burbot appeared to 
lowed in tributaries to Lake Superior when the be a fish of the future. That prediction is still await- 

spearing season for other species has been closed. ing fulfillment. Canada initiated a program to pro- 
In Siberia, the skin of the burbot has been used in- mote burbot as a food fish (MacKay 1963). Burbot, 

stead of glass (Adams and Hankinson 1926). In re- cleaned and skinned, were supplied to various ho- 
cent years, Lake Winnebago burbot have been trucked tels and restaurants in Toronto, and their chefs were 
alive to Indiana and Ohio for stocking fee fishing asked to cook the fish and to give their opinions on 
ponds. the burbot’s quality. The results were positive—“ex- 

In Wisconsin, the burbot has never been of great cellent”; and, “compare very favourably with any fish 
commercial importance because of its low market de- which I have obtained from the wholesalers.” Never- 
mand. Even in the very early commercial fishery most theless, attempts to encourage public acceptance of 
burbot were discarded, except for the few sent to lo- the burbot in Canada as a quality food fish, or as a 
cal markets (Milner 1874a). In Lake Michigan, burbot processed fish for industrial use, have not been en- 
production reached an all-time high in 1974 with a couraging (Scott and Crossman 1973). 
total harvest of 93,363 kg (205,826 Ib) (Wis. Dep. Nat. In the early decades of this century, the former 
Resour. 1976c:1): United States Bureau of Fisheries urged the use of 

. .. This was 91,859 pounds greater than the 1973 harvest burbots for'foad through an extensive, distribution of 
and 68,826 pounds higher than the previous high pro- economic circulars and display cards. Excellent reci- 

duced from Wisconsin waters of Lake Michigan and Green pes for preparing this fish were provided. Mattingly 
Bay in 1917. The increase may not indicate as drastic an (1976) provided burbot recipes with such intriguing 
increase in relative abundance as production figures indi- names as White Pine Pan Fried, Crispy Kinde, 

cate, although burbot numbers have increased tremen- Goodells Golden Puffs, Jiffy Jasper Jamboree, and 
dously in the last ten years, especially in Green Bay. The Lakeland Cocktail. From Montana comes a recipe for 
increase is definitely related to fishermen being allowed the Barbecued Ling (B. Miller 1974). In Wisconsin, Poor 

sale of 10% lake trout as an incidental catch of their legal Man’s Lobster is simplicity itself (Weber 1971:23): 
catch—burbot being used to increase their legal catch. The 
value of the burbot fishery was reported at $7,693 or less Fillets are cut into small 1- to 2-inch pieces, boiled in salt 
than four cents a pound. water for 3 minutes and drained. With melted butter poured 

r ae : over them, and appropriate seasoning, the taste will de- 

In Lake Superior, the burbot population is at a high light the most delicate palate $0 similar in taste to the more 
level of abundance, and commercial catches are con- expensive lobster imported to the supermarket. 
siderably higher than the 455 kg (1,000 Ib) reported 
by the fishery: “This high quality food species is ca- Burbot roe is a delicacy and, when seasoned and 
pable of sustaining a fairly large annual catch but no served on hot buttered toast, is as attractive as any 
markets are available to the Lake Superior fisher- roe (MacKay 1963). 
men” (Wis. Dep. Nat. Resour. 1976c). Bailey (1972) The vitamin D potency of burbot liver oil is as high 
commented that, although the burbot ranks among as that obtained from cod liver (Scott and Crossman 
the most nutritious of the freshwater fishes, catches 1973). In many European (especially Scandinavian)
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countries burbot livers are eagerly sought, and are a cies of fish, large and small. In a managed ecosys- 
valuable commodity when smoked and canned. The tem, this contribution to population control may help 
Fisheries Research Board of Canada has experimen- to prevent stunting in some fish species—a major 
tally canned Canadian burbot livers; the product is problem in many lakes and streams. After burbot from 
considered to be of high quality, especially for such Lake Winnebago were introduced into Shannon Lake 
uses as the making of canapes. Despite all these ac- (Vilas County), which has a large stunted perch pop- 
colades, over much of its range this species still bears ulation, the burbot were observed to be feeding 
the tag of a rough fish, and, in Wisconsin, except for heavily on the perch. Some Wisconsin fish managers 
a small market that has developed in some eastern look on the burbot, along with the gars and the bow- 
counties, it is a despised fish species. fin, as possible natural biological controls; the pur- 

Perhaps the most valuable contribution of the bur- poseful stocking of such predators may provide a 
bot to the ecology of lakes is its predatory nature. It balance of fish species and a yield that could be ar- 
is at the top of the food chain, and consumes all spe- rived at in no other way.





Killifish Family— 
Cyprinodontidae 

Three species of killifish in one genus occur in Wisconsin. Only one 
species has a wide north-south distribution in the state; the other two 
appear in southern Wisconsin as the northernmost populations of south- 
ern forms. 

The family Cyprinodontidae is represented by 48 species in 10 genera 
in the United States and Canada, a number of which are both marine 

and freshwater in habit (Robins et al. 1980). The family includes the Devils 

Hole pupfish, Owens River pupfish, Comanche Springs pupfish, and 
Pahrump killifish of the southwest, all of which are endangered and have 
been the subjects of congressional conservation measures. 

The killifish are small fishes which inhabit shallows and are adapted 
to surface feeding. Their jaws have well-developed teeth, their heads 
are flattened above, and they have small, more or less dorsal mouths. 
The gill membranes are free from the isthmus, and the scales are cy- 
cloid. Killifish possess soft-rayed fins; a single dorsal fin is located pos- 
teriorly. In adult killifish, the duct between the swim bladder and the 

pharynx is lost (physoclist). 
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Banded Killifish Hybrids: Banded killifish x mummichog (Chen and 
Ruddle 1970). 

Fundulus diaphanus (Lesueur). Fundulus—fundus, SYSTEMATIC NOTES 

meaning bottom, the abode of the “Fundulus Two subspecies are recognized (Hubbs and Lagler 

mudfish”; diaphanus—transparent. 1964): the eastern banded killifish, Fundulus dia- 

Other common names: eastern banded _ killifish, phanus diaphanus (Lesueur), which is found from South 

western banded killifish, freshwater mummi- Carolina north to the Maritime provinces and New- 
chog, freshwater killy, grayback minnow, fresh- foundland, including the eastern parts of Pennsyl- 
water killifish, killifish, topminnow, menona vania; and the western banded killifish, Fundulus dia- 

killifish, menona topminnow, barred minnow, phanus menona? Jordan and Copeland, which is found 
hardhead. from western New York to the eastern parts of the 

Dakotas, including Wisconsin. The western form 

usually has less scales in the lateral series, and has 
less rays in the dorsal, anal, and pectoral fins. Also, 
in the western form the bars on caudal peduncle 
generally are fused into a median lengthwise stripe, 

, ee hee a. F whereas in the eastern form they are often short but 

a 4 ii not fused. 

DISTRIBUTION, STATUS, AND HABITAT 

In Wisconsin, the banded killifish occurs in the Lake 
Michigan and Mississippi River drainage basins. There 

Adult 62imm, Rinehart L, (Portage: Co.), 13:Juneit977 are ie records from a Lake eugene basin. In the 
Mississippi basin it has been recorded from each of 

DESCRIPTION the two northern lake areas (Burnett and Vilas coun- 

Body elongate, laterally compressed, somewhat flat- ties) and is probably more common than the record 

tened at back of head and nape. Length 51-64 mm indicates. Its main centers of distribution in the Mis- 
(2.0-2.5 in). TL = 1.23 SL. Depth into SL 4.8-5.6. sissippi basin are the Rock River and the Des Plaines 

Head into SL 3.3-3.7. Snout bluntly pointed. Mouth watershed of southeastern Wisconsin. The only re- 
small, oblique, and opening dorsally; lower jaw pro- cord known from the driftless area is from the upper 

jecting; minute, needlelike teeth in bands on upper Sugar River (Dane County) (Greene 1935). 
and lower jaws. Dorsal fin far posterior on back, but The banded killifish is common to abundant in 

distinctly in advance of anal fin origin; dorsal fin rays many lakes of southeastern Wisconsin, and in the 

10-13; anal fin rays 9-11; pelvic fin rays 6; caudal fin Green Bay and Lake Michigan shallows of Door and 
rounded to truncate. Scales cycloid; lateral series 39— Kewaunee counties. Elsewhere in the eastern half of 
43; lateral line absent, top of head scaled. Intestine, Wisconsin, it is rare to uncommon and occasionally 
with single loop, about one-half length of body. common. Its status in Wisconsin appears to be se- 

Chromosomes 2n = 48 (Chen and Ruddle 1970). cure. 

Body light olive on back and sides, yellow-white The banded killifish inhabits the shoal waters and 

on lower half, including belly. Usually 12-20 narrow, estuaries of large lakes, and the quiet backwaters and 

vertical bars on sides (more apparent in preserved sections of slow current in medium- to large-sized 

specimens). Dorsal and caudal fins lightly pig- streams. It has a strong preference for broad, sandy 
mented; ventral fins lightly pigmented or clear. shallows during the warm season of the year, in the 

Breeding males with vertical bars, and dorsal and open or in the vicinity of sparse aquatic vegetation. It 

anal fins enhanced during spawning; dorsal fin may avoids the swift, cold water of trout streams. It was 

exhibit green-gold iridescence and a suggestion of a encountered most frequently in clear water at depths 

band or two of black pigment (Scott and Crossman to 0.6 m, over subtrates of gravel, sand, silt, marl, 
1973). mud, clay, detritus, and rubble. 

Sexual dimorphism: Dorsal and anal fins usually 

larger in male than in female; vertical bars on sides “Type specimen collected by P. R. Hoy from the outlet of Lake 

more numerous in male. Monona near Madison.
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BIOLOGY with the eggs still suspended below her until the thread 
In Wisconsin, spawning occurs from June to at least caught on a weed, when the thread would break away 
mid-August. Partially spawned banded killifish ap- from the papilla. 
peared in collections from mid-June to early August. The spawning act was repeated every 15-30 seconds 

Details of spawning by this species have been de- over a period of 5 minutes, during which time about scribed by Richardson (1939). The banded killifish be- 50 eggs were deposited. 
gan ‘Spawning after water temperatures were held at Spawning over an unprepared bottom, in 20 cm (8 

21.0°C (69.8°F). Combat between males Mas: COM> in) of water at 32.2°C (90°F), was described by Web- mon, but it was not especially vicious, and it did not ster (1942). The spawning pair sank to the sandy bot- 

result in evident damage to the fighters. Wher tom while turning on their sides, the male assuming 
placed in aquariums at water temperatures of 23°C the uppermost position. This was followed by a rapid (73.4°F), mating began almost immediately. Combat vibration which lasted 2-4 seconds. 
occurred between males, followed by pairing and the A gravid banded killifish female, 62 mm TL and 
male’s pursuit of the female. The male drove the fe- 2.77 g, collected in Green Bay (Door County) on 

male towards a mass of floating weeds, then pressed 5 June, had ovaries 19.9% of body weight. She held 
her body into the weeds with his body and fins. Vi- 163 maturing (yellow-orange) to mature (orange) eggs, 
bration followed, causing the female to release a clus- 1.1-2.0 mm diam, and a number of immature 
ter of 5-10 eggs; fertilization occurred simultane- white eggs 0.40.6 mm diam. A second female 63 
ously. Adhesive threads which became entangled in wii avid 3.52 g, with ovaries 15.5% of body weight 

the weeds were attached to the eggs (p. 166): held 182 maturing to mature eggs, 0.9-2.0 mm diam, 
On several occasions the cluster failed to break up, and the and an undetermined number of immature eggs, 0.4— 
female, having been released by the male, moved away 0.6 mm diam. These females, both with highly dis-
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tended abdomens, were in prespawning condi- banded killifish consisted of insect larvae and pupae, 
tion. amphipods, cladocerans, ostracods, nematodes, and 

Early development of the banded killifish was sand (Pearse 1921a). In Lake Mendota, its diet con- 
studied by Cooper (1936). He took eggs 2 mm diam, tained insect larvae, pupae and adults, amphipods, 
from masses of filamentous algae in a small Michigan cladocerans, copepods, ostracods, plant material, 

pond and placed them in aerated jars at water tem- and sand. In Illinois, Forbes (1883) noted that about 
peratures of 22.2-26.7°C (72-80°F). The 6-7-mm fry four-fifths of the food consisted of animal substances; 
hatched in 11-12 days. M. Fish (1932) sketched and the remaining fifth included algal filaments and 
described the 7.1- and 12.3-mm stages. Scales form seeds in a quantity too large to have been taken acci- 
quickly in this species and 22-mm young from Lake dentally. 
Emily (Portage County) are completely scaled except Young banded killifish feed almost entirely on 
for nape and top of head. planktonic crustacea and chironomid larvae (Keast 

In eastcentral Wisconsin, young-of-year banded 1965). 
killifish from Lake Emily (Portage County) averaged Keast (1965) referred to the banded killifish as a 
32.7 (23-40) mm on 10 August; young from Bear generalized feeder, since so many different food 
Lake (Waupaca County), 37.5 (36-39) mm on 12 Sep- items are ingested at any one time. Still, its heavy use 
tember; and young from Green Bay (Door County), of ostracods throughout life is largely a banded killi- 
41.9 (36-48) mm on 18 September. In a southeastern fish characteristic not shared by other species in Lake 
Minnesota lake (Lux 1960), banded killifish were 15 Opinicon, Ontario, and Keast suggested that this 

mm on 9 July, 39 mm on 14 August, and 50 mm on 24 trait could have survival value if other resources 
September. should fail. In Ontario, this versatile feeder ingests 

Banded killifish from Lake Emily (Portage County), chironomid larvae, cladocerans, ostracods, cope- 
collected 10 August 1960, showed the following pods, amphipods, turbellarians, small flying insects, 
growth: trichopterans, newly hatched Odonata nymphs, and 

Calculated TL at small mollusks. Fleshy plant seeds appear in the diet 
TL Annulus in midsummer, along with some algal material. 

Age No. of (mm) (mm) The banded killifish is a schooling fish, and it feeds 
Class Fish Avg Range 1 2 3 as a member of a school. It feeds effectively at all 

! 10 56.6 48-65 39.8 water depths, despite the dorsal position of the 
r : a 80-89 ane a eo mouth, and it is largely diurnal in its feeding habits. 

, . . , Keast and Welsh (1968) found that it obtained most 

Avg (weighted) 37.2 588 66.0 of its food between 1300 and 1750 hr; thereafter, the 
stomachs emptied until about 0100 hr, when 70% of 
the fish contained no food. A second, shorter period 

The annulus in larger and older killifish is deposited of feeding commenced before dawn; by 1000 hr, 65% 
in late July and early August. of the stomachs were empty. 

According to Cooper (1936b), in some localities The preferred position of the banded killifish is 
both sexes of banded killifish mature at age II; the near the surface of the water, although, of the three 
females reach a larger size than the males. A large species of killifish in Wisconsin, this is the least “top- 
age-II female banded killifish 80 mm (3.2 in) long was water” of the group. It appears less commonly in the 
collected from Pewaukee Lake (Waukesha County) in upper 2.5 cm of the water column, and it prefers the 
September 1961. A 114-mm (4.5-in) banded killifish depths beneath this zone (Schwartz and Hasler 
was taken from Oneida Lake (New York) Adams and 1966a). It frequently seeks out vegetation; its pro- 
Hankinson 1926). tective coloration and quiet habits make it difficult 

The principal foods of banded killifish from Lake to see. 
Emily (Portage County) were small crustaceans, in- In a laboratory experiment, after being brought to 
cluding copepods, amphipods, and cladocerans (P. an acclimation of 14 ppt salinity (the approximate 
La Mere, pers. comm.). A large number of mayfly isosmotic level for blood), the banded killifish en- 
nymphs were eaten, as well as plant seeds, but the dured temperatures up to 33.5°C (92.3°F), which was 
seeds passed through the digestive tracts intact. Bee- the lethal temperature (50% mortality level) (Garside 
tle larvae, snails, and protozoans were eaten less and Jordan 1968). The upper lethal temperature for 

often. the banded killifish in distilled water (0 ppt) and sea 
In Green Lake (Green Lake County), the diet of water (32 ppt) was 27.5°C (81.5°F). Many banded kil-
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lifish died as a result of 38°C (100.4°F) water temper- Scott and Crossman (1973) noted that it is hardy and 
ature in a shallow Michigan pond (Bailey 1955); how- lives well in a minnow pail: “It is also said to live for 
ever, the greatest mortality in the pond occurred many hours packed in leaves ina tin can. . . it could 

among the mudminnow, sucker, minnow, bullhead live this way, without water for several days. It must 
catfish, and perch groups. indeed be a hardy species!” 

The banded killifish lives well in an aquarium and 
IMPORTANCE AND MANAGEMENT makes an interesting, although not very conspicu- 
Reports regarding the banded killifish’s value as a ous, aquarium fish. In many respects it challenges 
forage fish are conflicting, although it has been the observer “to locate the killifish,” since its quiet 
preyed upon by black bass, northern pike, trout, and behavior and camouflage make it a “ghost” fish 
the salamander Necturus. It is also known to have rather than an aggressive inhabitant. Under certain 
been consumed by many fish-eating birds, including conditions, however, it becomes aggressive and pur- 
belted kingfishers, mergansers, grebes, bitterns, night portedly injures the fins of other fishes. 
herons, and herons (Adams and Hankinson 1926). The banded killifish has been propagated in a 

There are conflicting reports as to the value of the small pond in Michigan at the rate of approximately 
banded killifish as a bait minnow. Several authors 200,000/ha (80,000/acre) (Cooper 1936). It is a prom- 
note that it is a poor bait fish, for it will not stand ising species for propagation as a forage fish for bass- 
handling and confinement in a minnow pail. But rearing ponds.
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Blackstripe Topminnow Sexual dimorphism: Anterior base of anal fin 
clasped in distinct fleshy sheath in females; anal and 
dorsal fins longer and larger in males than in fe- 

Fundulus notatus (Rafinesque). Fundulus—fundus, males. 
meaning bottom, the abode of the “Fundulus 
mudfish”; notatus—spotted. SYSTEMATIC NOTES 

Other common names: topminnow, blackband top- The synonymic assignments ascribed to this species 
minnow. are listed by Braasch and Smith (1965). 

DISTRIBUTION, STATUS, AND HABITAT 
en Se The blackstripe topminnow occurs in the Mississippi 

PALI siete: River and Lake Michigan drainage basins in southern 

= a a oO aa catia Wisconsin, where it is at the northern limit of its dis- 
os tribution. The upper Fox River population (Columbia 

and Marquette counties) probably represents a recent 

Male 54 mm, Neenah Cr. (Marquette Co.), 29 July 1960 crossover from the Wisconsin River at the Portage 

Canal. Since the 1920s this species has expanded 
westward into streams of the unglaciated area. 

: ren = In southeastern Wisconsin, the blackstripe topmin- 
lal A : : : 

7 a a now is found in many waters but never in large num- 
ee ae =a bers. Frequently it can be seen moving ahead of a 

oo seine near the surface of the water. Its status appears 
to be secure, even in waters which have been heavily 

Female 54 mm, Neenah Cr. (Marquette Co.), 29 July 1960 disturbed by man. It has a wider distribution in Wis- 

consin today than it had 50 years ago. 
DESCRIPTION The blackstripe topminnow inhabits a variety of 
Body elongate, almost cylindrical, top of head and habitats such as pasture creeks, sloughs, bottomland 

nape flattened. Length 43-60 mm (1.7-2.4 in). TL = lakes, drainage ditches, and the quiet margins and 

1.25 SL. Depth into SL 4.0-5.5. Head length into SL highwater pools of rivers. Generally, it inhabits low- 
3.2-3.7. Snout pointed in lateral view. Mouth small, gradient streams where the current is moderate or 
oblique, and opening dorsally; lower jaw slightly lacking; it is rarely found in lakes. In my studies it 
projecting; minute, needlelike teeth in bands on up- was encountered in water of varying turbidity and 
per and lower jaws. Dorsal fin far posterior on back, depth over substrates of gravel (31% frequency), silt 
distinctly behind origin of anal fin; dorsal fin rays 9 (19%), mud (15%), sand (15%), rubble (12%), clay 
(8-10); anal fin rays 12; pelvic fin rays 6; caudal fin (4%), and boulders (4%). It occurred in streams of the 

rounded. Scales large, cycloid; lateral series 31-36, following widths: 1.0-3.0 m (7%); 3.1-6.0 m (7%); 

top of head and parts of cheeks and opercles scaled. 6.1-12.0 m (43%); 12.1-24.0 m (36%); and 24.1-50.0 
Cephalic lateral line system detailed by Schwartz and m (7%). 

Hasler (1966a); body lateral line system with few pored 
scales, incomplete. Intestine short and straight, or BIOLOGY 
with a single forward loop. Chromosomes 2n = 40 In Wisconsin, the spawning of the blackstripe top- 
(Black and Howell 1978). minnow occurs in June and July. At the same latitude 

Back and upper sides olive; lower half of body in Michigan, reproductive activity begins at least by 
white or yellowish. Sides with a prominent dark early May, and females retaining eggs have been 
stripe, nearly straight edged in females, with cross- taken as late as the third week of August (Carranza 
bars in males. Dorsal, anal, and pelvic fins bright yel- and Winn 1954). 
low in males; little or no yellow in the fins of females; Carranza and Winn provided most of the follow- 

dorsal, caudal, and anal fins with dark spots, more ing observations on blackstripe topminnow spawn- 
intense and sharp in males; pectoral and pelvic fins ing behavior. Territoriality occurs within an area 6- 
in both sexes generally without spots, but occasion- 12 m long, parallel with and no more than 4 m from 
ally with a small pigmented area at base of pectorals. shore. Within this area, pair activity takes place, and 
Chin of males blue. Branchiostegals yellow in males, somewhere in the middle of this territory is a small 
white in females. cover or protected pocket to which the female re-
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turns, usually accompanied by the male. Observers about 90 degrees, which is similar to the position of this fin 

have noted four instances when a female left a side during the spawning act. In so doing, the antagonists turn 
pocket near shore to intercept groups of cruising in a circle, and the larger male always was the winner. 

males. Each time she returned with a male who fol- There is little that can be called courtship in the 
lowed her for a short time and then swam away. Other blackstripe topminnow’s behavior. When the female 
pals: may appear in this territory unmolested, but swims slowly or stops, the male often moves forward 
when wr intruding ane approach closely, the The or upward beneath her, with his head slowly moving 

Seatac roe cies meee Ett Pndapiiams ootieinnet , ead “dipping” is unknown; it has been observe 

surface in what seems to be a series of skips. Fe- only when the fish are paired, and usually when the 
males alone in a territory will drive an intruding fe- male is out of view of the female. 

male away. The female apparently can lead the male When the female is ready to spawn, she swims to 
aaine anywhere ner the f re usually follows some algae or other plants (Carranza and Winn p. 

e female. 276): 

Among blackstripe topminnows kept in aquari- . . , . 

ums, aggressive behavior between males results in ~s» The behavior thet Simulates me sat sie baa re 

ponlonged fights (Carranza ate Winn p08): Of fob of some YeEettion #veN below Hie wuraos of the 
. .. The males take positions parallel to each other, facing water. Frequently males would try to spawn with females 
in opposite directions, with all the fins except the pectorals feeding in the algae on the bottom of the tank, but the fe- 
stiffly spread and with the throat area expanded. Then each males always swam away. It is obvious from this that the 
makes abrupt dashes and nips at the caudal region of his female determines the time and place to spawn. . . . 
opponent. The abrupt dashes start with the caudal bent In the spawning position, the dorsal and anal fins of the
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male are folded over the corresponding fins of the female Tt 
. . . [his] body assumes an S-shape with the caudal fin at a No. of (mm) 
right angle to the body. . . . Both sexes rapidly vibrate for Date Fish Avg Range Location 

one or two seconds. The throats are expanded. The vibra- 29 July 3 26.7 26-27 Fox R. (Marquette Co.) 

tion is ended with a flip of the caudal fin, usually by the 14 Aug. 16 36.4 33-40 Sugar R. (Rock Co.) 

male, which throws the single egg into the algae. The egg 28 Aug. 4 36-8 35-39 —_Mlinois Fox R. (Kenosha Co.) 
is frequently released from the female by the vibrations, 28 hug - 33.4 28-37 Deslaines A: (Kenosha:Co:) 5 : 25 Sept. a1 34.5 26-43 Waterloo Cr. (Dane Co.) 
but it often remains attached to her by a mucous thread ee 
until the final flip that throws it into the vegetation. ®Two young, 33 and 35 mm long, were parasitized with anchorworms 

(Lernaea sp.). 

When the female has finished spawning, she swims . . 
rapidly to the surface. One female was observed to the Rock River (Washington County), collected 15 

spawn 30 times in 20 minutes with three different July 1971, showed the following growth (sexes com- 
males. Carranza and Winn suggested that a female bined): 
may lay 20-30 eggs over a short period, and then sicdleed eT. 

wait, perhaps several days, until she produces more TL at Annulus 

ripe eggs. Age No. of (mm) (mm) 
Abnormal spawning situations were observed in Class Fish Avg Range 1 2 

aquariums. Once a female was seen spawning by |. 98 4487 4-54  #&©539226 © 
herself, although a male was courting her all the I 4 62.8 60-65 27.3 49.8 

time. In at least four observed instances, two males Avg (weighted) 4 aes 
tried to spawn with one female at the same time, Se SS ee 
with one male on each side of the female or both 

males on the same side. Growth is slightly greater in females than in males 
Under natural conditions, the blackstripe topmin- during the first year of life. 

now is not likely to eat its eggs, since this fish feeds The blackstripe topminnow reaches a length of 76 
almost exclusively at the surface. However, in the mm (3 in) (Trautman 1957, Braasch and Smith 1965). 
laboratory (Carranza and Winn 1954) eggs were In an Illinois study of the blackstripe topminnow’s 
readily eaten by the females and by nondominant food habits (Forbes 1883), insects (largely terrestrial) 
males. The dominant male slowed this process amounted to 73% of the food consumed. Additional 
somewhat by chasing other males and by trying to animal items included mollusks (Physa), spiders, and 
spawn with the females when they went down to the small quantities of cladocerans, ostracods, and cope- 

algae to eat the eggs. pods. Vegetation, almost wholly filamentous algae, 
A partially spawned blackstripe topminnow fe- was taken in such quantities by various individuals 

male, taken from the Wisconsin River (Grant County) as to suggest that its presence was not accidental. In 

on 21 June, had ovaries 12.8% of body weight. She southeastern Wisconsin, Cahn (1927) noted that about 
held 170 maturing (yellow) to mature (yellow-or- 75% of the blackstripe’s food was filamentous algae, 
ange) eggs, 0.7-1.8 mm diam, and a small number of with Spirogyra and Zygnema predominating, and that 
white, immature eggs, 0.3-0.6 mm diam. These eggs the remainder of its diet was insects picked from the 
were difficult to count, because they appeared to be surface. 
connected to one another by fine transparent threads. Schwartz and Hasler (1966a) observed that the 

An age-I female, taken from the East Branch of the blackstripe topminnow takes food which drops on 
Rock River (Washington County) on 15 July, had ova- the surface, even when the food is relatively far away 
ries 9% of body weight, and held a few mature eggs, and perhaps out of sight. Not only the eye, but other 
0.9-1.6 mm diam. An age-II female, 65 mm TL, with sense organs such as the cephalic line system, enable 
ovaries 5.2% of body weight, had only a few eggs these fish to detect their food. 
remaining; they were 1.6 mm diam. Ina southeastern Michigan lake where there was a 

The growth of young-of-year blackstripe topmin- severe winterkill of bluegills (Cooper and Washburn 
nows in Wisconsin is presented in the table at the 1949), there was good survival of blackstripe topmin- 
top of the next column. nows, although the approximate minimum concen- 

Age-I blackstripe topminnows, taken 21 March tration of dissolved oxygen in the upper 0.3-1.2 m of 
from the Fox River (Columbia County), averaged 38.1 the water was only 0.8-0.5 ppm. 
(36-41) mm TL. In the winter, the blackstripe topminnow stays in 

Blackstripe topminnows from the East Branch of the deeper water, apparently in bottom vegetation
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(Carranza and Winn 1954). It migrates from deep topminnows were associated with these species: 
water in late March or early April to the shallow shore common carp (1), bullhead minnow (9), bluntnose 
zone, where it assumes a surface swimming habit. minnow (22), emerald shiner (43), spotfin shiner (25), 

Schwartz and Hasler (1966a) noted that in aquariums sand shiner (7), yellow bullhead (1), tadpole mad- 

it hovers in the top 2.5 cm of water 63% of the time, tom (4), northern pike (3), yellow perch (5), johnny 
and that in three out of four observations, it is found darter (20), largemouth bass (3), bluegill (10), black 

in direct contact with the surface film. This distribu- crappie (5), and brook silverside (1). 
tion changes radically if the water surface is dis- 
turbed by aeration or stirring; the fish then remain in IMPORTANCE AND MANAGEMENT 
the deeper water. The blackstripe topminnow achieves The blackstripe topminnow is one of the staple foods 
closer and more frequent contact with the water sur- of the smallmouth bass (Cahn 1927), and undoubt- 
face at night than during the day, and, if artificial edly serves as forage for other predators, including 
lights are turned on at night, they drop to the bot- wading birds. 
tom, where they remain for at least 2 minutes. It has been suggested that the blackstripe topmin- 

While in contact with the surface film, this species now might be used as a biological control against 
responds to surface waves approaching from all di- mosquito larvae which wriggle on the surface of 
rections. The response is composed of a quick orien- quiet waters. Unfortunately, the isolated microhabi- 
tation of the head in the direction of the wave source, tats of mosquitoes and topminnows are not always 
and an immediate movement toward that source. the same. 
Schwartz and Hasler noted that up to a distance of 40 The blackstripe topminnow makes a conspicuous 
cm the blackstripe topminnow achieved an almost and interesting aquarium pet in its preferred habitat, 
100% positive reaction, and that a distinct response just under the surface. Cross (1967) suggested that it 
might frequently be elicited at distances beyond can be propagated by placing a string-type mop on 
90 cm. the aquarium floor upon which the eggs are depos- 

In the Fox River (Marquette County), 8 blackstripe ited.
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Starhead Topminnow Sexual dimorphism: Male with 11-12 narrow, up- 

right bars along side; bars diffuse or absent in female. 
In male, dorsal and anal fins large and long, reaching 

Fundulus notti (Agassiz). Fundulus—fundus, meaning or almost reaching rayed base of caudal fin; in fe- 
bottom, the abode of the “Fundulus mudfish”; male, distance from the ends of the dorsal and anal 

notti—named for Dr. Nott, its discoverer. fins to the rayed base of caudal fin about half the 

Other common names: topminnow, striped minnow, length of each fin. 
striped topminnow, blackeyed topminnow. 

SYSTEMATIC NOTES 
Although Wiley and Hall (1975) and Wiley (1977) 

am treated the notti complex as a series of five species, 
ae — —_ the Committee on Names of Fishes (Robins et al. 1980) 

4 > AUNAY (230 ae retained all (excepting F. lineolatus) in species notti. 
a wy <=. Geographic populations can be recognized as sub- 

my <a species. The Wisconsin form is Fundulus notti dispar. 
_ 

DISTRIBUTION, STATUS, AND HABITAT 

Male 47 mm, Wisconsin R. (lowa Co.), 31 July 1965 In Wisconsin, the starhead topminnow occurs in the 

Mississippi River drainage in four specific, disjunct 
centers: in the Spring Green to Sauk City sector of 
the Wisconsin River; in the lower Sugar River and 

_— a aie Coon Creek of the Rock River drainage; in the Muk- 

% ; og geo re = wonago River watershed of the Fox River basin; and 
—  * i ee in the Black River near La Crosse. 

a. — Specimens examined: UWSP 1192 (5) Wisconsin 
7 ~— River slough T8N RSE Sec 1 (Iowa County), 1965; 

UWSP 5185 (1) Wisconsin River slough TIN R6E Sec 

20 (Dane County), 1973. The Wisconsin Fish Distri- 

Female 50 mm, Wisconsin R. (lowa Co.), 31 July 1965 bution Study (1974-1978) reported: (2) unnamed 
drainage ditch TIN R1OE Sec 19 (Rock County), 

DESCRIPTION 1974; (1) unnamed channel Black River T17N R8W 

Body deep, moderately compressed, top of head and Sec 17 (La Crosse County), 1978. Other reports: Tay- 
nape flattened. Length 47-55 mm (1.9-2.2 in). TL = lor Creek TIN R1OE Sec 6 (Rock County), 1965 (M. 

1.30 SL. Depth into SL 3.5—4.0. Head length into SL Johnson); Coon Creek TIN R11E Sec 27 (Rock County) 
3.3-3.7. Snout pointed in lateral view, broadly rounded (L. Lovshin); Lake Beulah (Walworth County) (Greene 

in dorsal view. Mouth small, oblique, and opening 1935); Mukwonago Millpond = Phantom Lake 
dorsally; lower jaw slightly projecting; minute, (Waukesha County) (Cahn 1927); Mukwonago River 
needlelike teeth in bands on upper and lower jaws. below Phantom Lake Dam (Waukesha County), 1968 
Dorsal fin far posterior on back, distinctly behind ori- (M. Johnson) and 1974 (Seeburger 1975); Mukwon- 

gin of anal fin; dorsal fin rays 8-9; anal fin rays 11; ago River at Hwy 83 (Waukesha County), 1975 (T. 

pelvic fin rays 6; caudal fin rounded. Scales large, cy- Krischan); three sites (specifics lacking, not plotted 
cloid; lateral series 30-34; lateral line absent. Diges- on map) in sloughs along the Wisconsin River be- 
tive tract short, about three-fourths SL. Chromo- tween Hwy 14 at Spring Green and Sauk City (Sauk 
somes 2n = 46 (Chen 1971). County), 1968 (M. Johnson). 

Back and upper sides light olive to tan; lower sides Although Greene (1935) recorded the starhead top- 
and belly lighter to yellowish. Series of red to brown minnow from Lake Beulah (Walworth County), it has 
dots forming 7—8 horizontal lines along sides. Promi- not been taken there since the 1920s (Seeburger 
nent dark blotch (“teardrop”) beneath eye, slanting 1975). In the fall of 1974, it was reported as common 
slightly posteriorly. In male the dorsal, caudal, and in the Mukwonago River below the Phantom Lake 
anal fins with dark spots (reddish in life), sometimes Dam (Waukesha County); 18 specimens were taken 
arranged in bands; in female, fins not so marked. from a slough of the Wisconsin River (lowa County) 
Pectoral and pelvic fins lightly pigmented or clear. in 1965.
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Wisconsin has given the starhead topminnow en- A gravid starhead topminnow female, 50 mm TL, 
dangered status (Les 1979). Care must be taken that taken from the Wisconsin River (lowa County) at the 
it is not lost from our waters, where it is at the north- end of June, had ovaries 16% of body weight; she 
ern limit of its distribution. The establishment of a held 136 yellow, maturing or mature eggs, 0.7-1.8 
topminnow sanctuary is recommended; it would be mm diam, and a small number of white, immature 
unique in the Midwest. The related pupfish of the eggs, 0.3-0.6 mm diam. Five specimens from this 
arid Southwest have received special protection from Wisconsin River collection, age IJ and 47-55 mm 
the federal government. long, had the following estimated lengths at the an- 

The characteristic habitat of the starhead topmin- nuli: 1—30 mm, and 2—49 mm. Maturity is reached 
now is a quiet, shallow backwater having clear to at age II. The mortality of a year class is almost com- 
slightly turbid waters and an abundance of sub- plete by the end of the third year of life; few starhead 
merged aquatic plants. Cahn (1927) noted that in the topminnows reach age III. 
Mukwonago millpond habitat the water was dark, A 60-mm male starhead topminnow, collected 30 
the banks mucky, and the shores reedy. Below the May from a swamp (Union County, Illinois), was 3 
dam, where the river was 15-18 m wide, this species years old. According to Pflieger (1975), adults reach 
occurred over gravel and rock in shallows with dense a maximum of about 81 mm (3.2 in). 
vegetation. In Illinois (Forbes and Richardson 1920), about half 

of the food ingested by starhead topminnows con- 
BIOLOGY sisted of insects, half of which were terrestrial insects 
Spawning occurs from June to July. In Illinois, ripe that had fallen into the water. Mollusks, crustaceans, 
male and female starhead topminnows were taken at and delicate aquatic vegetation constituted the re- 
the end of May (Forbes and Richardson 1920). mainder of the starhead’s diet.
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The starhead topminnow normally occurs singly or overland jumps. On heavily overcast days, however, 
in pairs. It skims along just beneath the surface of the many fish were unable to orient their bodies in a 
water, with a bright silvery spot showing on the top consistent direction from jump to jump. Goodyear 
of the head; it will not dive even when pursued. (1970) noted an unusual escape maneuver by the 
Cahn (1927) noted that it sometimes swims slowly starhead topminnow (p. 604): 
with its dorsal fin out of water, and that when it is In five i a : 
disturbed 4t 21 idly. tisually to return ve n five instances B notti which were being chased by 
BeLUTDEd At ZiBzasS tapicdly,: usualy ry. bass, were seen to jump onto the bank and remain there 

shortly to the spot it left. for several minutes before jumping back into the pond. The 
In South Carolina, starhead topminnows from bass remained only a few seconds after the F. notti left the 

various shores of a small woodland pond were placed water and were gone when the starhead topminnow re- 

in unfamiliar surroundings. These fish had the abil- turned. 
ity to orient themselves with respect to the sun for 
moving in a direction which would return them to 
the land-water interface from which they had been IMPORTANCE AND MANAGEMENT 
captured. Even when placed on land surfaces, the fish Considering its scarcity in Wisconsin, the starhead 
were able to move toward the water by using the po- topminnow must have limited value as a forage spe- 
sition of the sun to align their bodies for a series of cies.
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Silverside Family — 
Atherinidae 

Only one species of silversides is known from Wisconsin. It is a strictly 
freshwater form with an extensive range over the eastern United States. 
Hubbs (1921) suggested that its “habitat reactions” were inherited from 
its marine ancestors and hence were developed in the sea. 

Twelve species of silversides in eight genera are listed from the United 
States and Canada (Robins et al. 1980). Of these, 10 occupy typical salt- 
water coastal or estuarine habitats. Most silversides are small fishes. They 
include the well-known California grunion, a spectacular fish which 
during high tide is thrown up onto the beach sands to spawn. Rosen 
(1964) demonstrated that the silversides, halfbeaks, and killifishes were 

closely aligned families, probably with a common Eocene ancestry in the 
fresh and brackish waters of Australia, from which they spread around 
the world. 

The members of this family have scaled heads, two dorsal fins (the first 
small and spiny), pectoral fins high on the body, and both pelvic and 
anal fins each with a small spine. The swim bladder is present, but loses 
its pneumatic duct connection with the pharynx (physoclist). 
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Brook Silverside Lake Superior drainage basin, it has recently been 
collected from the Dead River at Marquette, Michi- 
gan (Berg et al. 1975). 

Labidesthes sicculus (Cope). Labidesthes—a pair of pin- The brook silverside is common in many lakes and 
cers, for eating; sicculus—dried, found in half- rivers in Wisconsin. Because of its visible habits, 

dry pools. large numbers are documented for many waters. Its 
Other common names: silverside, northern silver- status appears to be secure. 

side, skipjack, friar, topwater. In Wisconsin the brook silverside was encountered 
most frequently at the surface in clear water, 0.1-1.5 m 
deep, over substrates of sand (39% frequency), gravel 

i, (22%), mud (15%), silt (9%), clay (6%), rubble (6%), 
r oe ae tn _ and boulders (3%). It occurred in lakes and in lake- 

- a like habitats such as sloughs, reservoirs, and pools of 
® large rivers. Occasionally it was taken in moderate 

currents of medium-sized rivers 12-50 m wide. It is 
Adult 95 mm, Rinehart L. (Portage Co.), 13 June 1977 frequently associated with sparse vegetation, seldom 

with dense vegetation. 
DESCRIPTION 
Body slender and elongate, translucent, slightly BIOLOGY 
compressed; top profile of head straight, and head The brook silverside spawns only one season, at age 
flattened. Length 51-76 mm (2-3 in.). TL = 1.18 SL. I, and dies shortly thereafter. In Wisconsin, spawn- 
Depth into SL 7-10. Head length into SL 4.6-5.2. ing begins as early as May (Cahn 1927), reaches its 
Snout beaklike, with lower jaw slightly projecting. height in June and July, and probably extends into 
Mouth long, almost horizontal near tip, and strongly early August. The pairing of fish begins when water 
oblique posteriorly; minute, needlelike teeth on up- temperatures reach 18°C (64.4°F); spawning occurs at 
per and lower jaws. Two dorsal fins on posterior half 20°C (68°F), and the peak of spawning is reached at 
of back, first dorsal with 4 spines, second with 1 spine 22.7°C (72.9°F). 

and 9-11 rays. Anal fin with 1 spine and 20-26 rays; In Michigan (Hubbs 1921), each male brook silver- 
pelvic fin with 1 spine and 5 rays; caudal fin forked. side appeared to command a rather ill-defined area 
Scales small, cycloid; lateral series scales 75-84; lat- of surface water, 2-4 m long by 1-2 m wide, in mod- 

eral line incomplete. Digestive tract short, S-shaped, erate current. From this area each guardian male vig- 

about 0.5 TL. Pyloric caeca absent. orously drove off invading males, then usually re- 
General color pale green; body translucent in life. turned to his original position. Hubbs noted, however, 

Dorsal scales outlined with pigment; prominent lat- that during the height of the breeding activities, ter- 
eral silvery stripe. Preserved fish light colored (but ritorial restrictions were lost as both males and fe- 
opaque), lower jaw and top of head pigmented; scales males “were engaged in their wild spawning.” 
of back outlined with pigmented dots; prominent Cahn (1927), who made extensive observations on 
dark midlateral stripe fading out anteriorly. Fins clear this species in Oconomowoc Lake and adjacent lakes 
to lightly pigmented along edges of rays; spinous in Waukesha County, did not observe the establish- 
dorsal fin pigmented near tip. ment of territories. The following account, unless 

Breeding male with short, conical urogenital pa- otherwise specified, is taken from Cahn. All of the 
pilla behind anus; female with a broad, round, spawning activities described took place in shallow 
fleshy-lipped genital papilla with large opening. water near shores. 
Male with prominently black-tipped first dorsal fin; The prespawning activity of the brook silverside is 
first dorsal fin in female only lightly pigmented in the form of vertical pairing, during which the male 
(J. Yrios, pers. comm.). swims on the surface of the water, and the female 

swims in perfect alignment with the male, approxi- 

DISTRIBUTION, STATUS, AND HABITAT mately 25-30 cm below him. The female determines 

The brook silverside occurs in the Mississippi River the direction of movement. Frequently two or more 
and Lake Michigan drainage basins in Wisconsin. males may be present, but generally one male drives 
The northernmost report is from the St. Croix Flow- the others away. Early in the season the progress of 
age in Douglas County (Sather and Johannes 1973). the fish is leisurely—30 cm is traveled in 3-4 sec- 
Although we have no Wisconsin record from the onds. As the water warms up, the fish travel in
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spurts, and the interval of alignment decreases to peated momentary contacts—from eight to twenty-one 
about 5 cm. When the breeding season reaches its times being the extreme numbers Observed, with fourteen 
peak, the position of the fish shifts to a horizontal as an average of forty-six observations. During the descent 
alignment with the male following the female as she the eggs are extruded from the body of the female and may “travels at a furious pace.” be seen slowly settling toward the bottom in the wake of 
When the spawning activities are in full sway, a the descending pair. Fertilization takes place in the water 

school of ever i oa conte - " ‘ld a ht ( he immediately after the eggs leave the female, the spermato- 
5 Pre w 8 zoa being extruded by the male coincident with the mo- 

p. 65): mentary contact with the abdomen of the female. . . . 
. .- In and out dart the females, pursued by one or more 
males, darting this way and that, shooting an inch or more Cahn observed that, after completion of the de- 
out of the water and landing again three or four inches scent, 26 females showed empty ovaries, and that 
from the spot of their emergence amid a spatter of spray, only a few females had retained some half-dozen followed immediately by the attending male retinue. Sud- eggs. The males ascend at once to the surface where 
denly the female slows down her pace and comes to what they take off in pursuit of other females 
amounts to comparative rest. The first male to reach her ap- « : . : 
proaches from the rear and draws up along side. This ap- _ the brook . verde ee ! uate Isoked 
parently is the signal for the departure of any males that at, tis 0 ious thatal’ epee Co not rperrat once, nor may be pursuing that particular female. . . . Other males is the entire complement of eggs released at one 
simply disperse and join in the chase of other females. The time. On the lower Wisconsin River, spawning was paired fish now begin a downward glide, approaching the well under way by 19 June. An 81-mm, 2.77-g fe- 
bottom at an angle of approximately 30°. During the de- male, with ovaries 15.5% of body weight, held 785 
scent, the fish bring the edges of their abdomens into re- maturing to mature (orange) eggs, 0.6-1.0 mm diam;



Brook Silverside 771 

an immature, white-yellow generation of eggs was young fish 22-mm long swam an average distance of 
0.3-0.5 mm diam. From a nearby area on the same 211 cm in 2 minutes, or an estimated 886 m in the 
date, a 75-mm, 2.08-g female in prespawning condi- course of a day. 
tion, with ovaries 10% of body weight, held 450 ma- With the coming of darkness at night, young brook 
turing eggs, 0.5-0.8 mm diam, and a small number silversides become inactive and float motionless just 
of immature eggs, 0.2-0.5 mm diam. under the surface. Members of the school point in all 

On 17 July in the Wisconsin River at Boscobel (Grant directions, and there is no marked orientation. From 
County), an 80-mm 2.46-g fish, with ovaries 14% of mid-July on the young engage in increasingly fre- 
body weight, held 700 maturing to mature eggs, 0.8- quent nocturnal migrations to the shallows, from 
1.1 mm diam, and a few immature eggs, 0.4—0.6 mm which they return to their pelagic habit over deep 
diam. Females examined from Pewaukee Lake (Wau- water during the day. Cahn has suggested that this 
kesha County) on 3 August and from Lake Monona movement is triggered by differences in water tem- 
(Dane County) on 10 August still had well-devel- perature: at night the young seek out the warmer 
oped ovaries containing a number of ripe eggs. It is surface temperature of the shallow water (1 m deep) 

likely that spawning may continue over a period of rather than the colder surface temperature of the deep 

days or weeks. In Indiana, Nelson (1968b) noted water (16 m). This shoreward journey is accom- 
similar ranges in egg sizes and differences in egg plished rapidly (Cahn 1927 :78-79): 

generations. . . 
The brook silverside’s egg is well supplied with a . . - they swim at top speed straight for the shore. . . . The 

E : 2 . minnows arrive together, which fact is significant. In from 
number of oil globules and with a flotation-adhesive : : ; at ‘ : 

< nee en to twenty-five minutes the entire silversides population 
organ in the form of a gelatinous filament, which is of the lake is inshore. 
about 6 times as long as the diameter of the egg. Ina 
water current, this filament may act as a flotation body Upon completing their inshore movement, the young 
transporting the egg for some distance. The sticky have joined the adult silversides that typically inhabit 
filament becomes attached to the first thing with inshore surfaces through the 24-hour day. Following 
which it comes into contact, either vegetation or bot- hatching, young brook silversides grow 1 mm per 
tom material such as bulrushes or gravel. The egg it- day for 2 weeks, after which growth is slower. In 
self is not sticky. Oconomowoc Lake, the average growth during the 

In Oconomowoc Lake, the eggs hatched out in 8-9 first year of life was: 22 June, 11.2 mm; 6 July, 28.6 
days at depths of 41-94 cm in 22.8-24°C (73-75°F) mm; 17 August, 46.2 mm; 28 September, 63.9 mm; 

water. In Indiana (Nelson 1968b), eyed eggs from and 26 October, 65.6 mm. Growth ceases in mid-Oc- 
Crooked Lake hatched in the laboratory into young tober and resumes the following May: 18 May, 68.6 
4 mm TL. Fish (1932) described and iillustrated the mm; 1 June, 72.2 mm; 22 June, 75.2 mm, and 1 Au- 

27-mm stage. gust to 1 September, 76.2 mm. Most growth (approxi- 
After hatching, young brook silversides wiggle to mately 80-90%) occurs during the first year of life. 

the surface, and assemble in schools of 30-200 indi- The total life-span of the brook silverside is 15-17 
viduals. They confine themselves to the upper 3 cm months. The single annulus is deposited in June and 
below the surface, are constantly active, and move as July. In Indiana, Nelson observed brook silversides 
a school from the shallow water outward to assume about 100 mm FL, which must have been between 21 

a pelagic habitat over deep water. This habitat may and 23 months old; none lived into a second breeding 
be over water 3-5 m deep, but it is generally over season. 
water 10-20 m deep. The largest known Wisconsin specimens of brook 

In their offshore habitat, the young eat largely zoo- silversides were 96 and 98 mm TL; they were cap- 
plankton and grow rapidly. The small size of young tured 3 August from Pewaukee Lake (Waukesha 

brook silversides, together with their inconspicuous County). In Indiana (Nelson 1968b), one brook sil- 

coloring and nearly transparent bodies, gives them verside was 109 mm (4.3 in) FL. 
protection from enemies. Despite their camouflage, In Oconomowoc Lake, young brook silversides 
they have been seen scattering wildly with the ap- prior to their inshore migrations at night, ate Cyclops, 

proach of a tern or a large fish. Hubbs (1921) and Daphnia, Bosmina, rotifers, diatoms, and other algae. 

Cahn (1927) emphasized the constant activity of the While inshore in mid-August they consumed mostly 

young. The brook silverside is among the most active insects, including Diptera, Coleoptera, and unspeci- 

of our freshwater fishes, and, according to Cahn, fied larvae; they also ate copepods, cladocerans, os-
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tracods, Mysis relicta, plant remains, and arachnids. jack that was unable to adjust rapidly enough and follow 

Accompanying the change in environment, there the beam of light was immediately taken by the perch 

was a change from the micro-organism diet to a pre- which remained in the darker zones. 
dominantly insectivorous diet. Moonlight can also precipitate activity among 

In Lake Mendota (Pearse 1921a), brook silversides brook silversides. If the night is dark and calm, with 
had eaten insect pupae and adults and cladocerans. no moon or only part of a moon, the fish lie sus- 
In an earlier study (Pearse 1918), brook silversides in pended and motionless in the water. When the moon 

the Madison area had eaten insect eggs, larvae, is almost full or full, the shallows become the scene 
pupae and adults, as well as spiders, mites, ostra- of one of the most startling scenes in the fish world 
cods, copepods, cladocerans, rotifers, protozoans, and (Cahn 1927:81): 

algae. . . . The silversides seem to go crazy, as if they were moon- 
In Illinois (Forbes 1883), spiders and terrestrial in- struck. They dart about at a most startling speed, dashing 

sects, accidentally washed or fallen into the water, here and there, leaping out of the water again and again, 
amounted to 12% of the brook silverside’s food. Mul- bumping into each other, splashing, circling, behaving in a 
lan et al. (1968) reported that terrestrial organisms most exaggerated manner . . . and the gentle splashing of 
were of major seasonal importance to this species. In the “breaks” is the characteristic night sound of the lake. 
an Indiana stream, dance flies (Empedidae), which Such activity goes on during the entire night if the light 

frequently hover above waters in large swarms, con- holds. . . . 
stituted 21% of the food items consumed by these The brook silverside’s habit of leaping out of the 
fish (Zimmerman 1970). Fish remains have been re- water and through the air in a low, graceful arch, at 

ported from several brook silverside stomachs, and times for distances at least 10 times its own length, is 

Labidesthes fry and centrarchid fry were taken from a source of wonder, even to the casual observer. 

the stomachs of silversides collected from an Indiana Hubbs (1921) observed that occasionally such a leap 
lake (Nelson 1968b). was repeated from one to four times before the fish 

Keast (1965) noted that the brook silverside is spe- finally dove out of sight. He noted that the fishes 

cialized for catching flying insects in the air. Its long, seemed to be at play, although they could have been 
closely set gill rakers with their numerous denticles avoiding a predator, securing insect food, or skipping 

suit it admirably for straining micro-organisms from prior to spawning. 
the water. In Ohio, this species often stopped feeding The brook silverside is the most characteristic of 

in the daytime when the water became turbid, and our surface fishes—more than any other Wisconsin 
lay listlessly at the surface as it does at night (Traut- fish, it locates at the surface of the water. Immature 
man 1957). individuals can scarcely be driven more than a few 

In a southeastern Michigan winterkill lake, with centimeters below the surface, and even the adults 

oxygen levels of 0.8-0.5 ppm in the upper 0.3-1.2 m spend most of their time within 10-12 cm of the sur- 
of water, there was good survival of brook silver- face and seldom venture below the upper meter of 
sides. Cahn (1927) determined that it tolerates pH water. 

levels of 7.5-8.3, with the optimum pH tolerance at During the winter the brook silverside generally 
7.65-7.7. remains inshore over water up to 2 m deep. Its move- 

The brook silverside is positively phototropic. At ments are slow and sluggish. Its food habits revert 
night Cahn was able to lead a small school of these back to those of the immature fish, but it apparently 
fish 1.4 km across Oconomowoc Lake with the beam lives on a maintenance ration only since there is no 
of his flashlight. In Lake Mendota, Tibbles (1956: 185) visible growth during the winter. 
reported that, when spotlights and Coleman lan- 
terns were directed onto the water, brook silversides IMPORTANCE AND MANAGEMENT 

began to appear and remained in the areas of high- When young brook silversides are over deep water, 
est illumination, whereas yellow perch, which were they are preyed upon by the black tern, common 
also attracted, stayed on the periphery of the illumi- tern, longnose gar, cisco, smallmouth bass, and 
nated arc, or in the shadow of the boat: largemouth bass. In shallow water they have been 

taken from smallmouth bass, largemouth bass, bow- 

When a spotlight was moved to change the field of light fin, northern pike, rock bass, green sunfish, bluegill, 
intensity—the skipjacks “en masse” would rapidly follow pumpkinseed, white bass, yellow perch, grass pick- 
to keep within the illuminated area. Any unfortunate skip- erel, cisco, American bittern, least bittern, belted
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kingfisher, red-breasted merganser, mudpuppy, ally replaced carefully by fishermen “who uniformly 
snapping turtle, water snake, crayfish spp., and believe them to be young ciscos.” 
mink (Adams and Hankinson 1926). The brook silverside makes an interesting and 

The brook silverside is almost never used as a bait unique addition to the aquarium, but it is difficult to 
fish, since it keeps poorly in a minnow bucket. In keep alive. 
Canada, larger specimens are occasionally used for It has been suggested that the brook silverside may 
bait. Adams and Hankinson (1926) stated that two or be of value in destroying mosquitoes. However, its 
three dead silversides on a hook will catch perch, fragility would make it of little use for stocking bod- 
bluegills, and black crappies. Cahn (1927) noted that ies of water where mosquitoes breed. 
in southeastern Wisconsin brook silversides are usu-
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Stickleback Family— 
Gasterosteidae 

Two species of sticklebacks in two genera are known from Wisconsin. 
Members of this family occur in North America, northern and central 
Asia, and Europe. Six species in five genera are found in the United 

States and Canada (Robins et al. 1980). Of these, two species are strictly 

coastal saltwater forms, three occupy shallow, inshore areas of marine 
waters and fresh waters, and only one is a strictly freshwater form. 

The sticklebacks are a family of small, scaleless fishes with well-devel- 

oped pelvic spines and isolated dorsal spines. Lateral bony plates are 

often developed. The pelvic girdles are generally large, and the pectoral 
fins are fanlike, set high on the sides, and have their bases in a vertical 

line. 
The behavioral patterns of our Wisconsin species, the brook stickle- 

back and the ninespine stickleback, are quite elaborate. Their behavior is 

similar to that of the threespine stickleback, whose behavior has been 

studied intensively for many years and is perhaps better understood 

than the behavior of most animals known to man. Pertinent references 

dealing with the biology of sticklebacks are provided by Reisman and 

Cade (1967) and Wootton (1976). 

775
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Brook Stickleback throughout its range, J. S. Nelson (1969) found a 

clinal variation in dorsal and pelvic spine lengths, 
with the longest spines occurring in the Wisconsin to 

Culaea inconstans (Kirtland). Culaea—coined from the Ohio area. He suggested that the long spines of the 
former generic name Eucalia; inconstans— Midwest forms act as protection against predators in 
changeable, variable. an area where predators have a large selection of 

Other common names: fivespined stickleback, vari- prey species. In the West, however, where the prey- 
able stickleback, freshwater stickleback, com- predator ratio is less, natural selection favors short- 

mon stickleback, pinfish, sixspined stickleback, spined individuals with streamlined bodies and light 

black stickleback. pelvic skeletons which are better able to escape into 
dense vegetation. In southern Manitoba, Moodie 

! (1977) noted the small body size of a population of 
RGAE brook sticklebacks which are exposed to predatory 

MTP ir. tee a fishes. 

—— DISTRIBUTION, STATUS, AND HABITAT 
The brook stickleback occurs in all three drainage 

Adult 68 mm, Slough Cr. (Marinette Co.), 21 June 1966 basins in Wisconsin. It is widely distributed in most 

small river basins, particularly in headwater reaches; 

DESCRIPTION it occurs in shoal waters of Lakes Superior and Michi- 
Body deep, compressed laterally. Length 38-61 mm gan, and in inland lakes, especially northward. 
(1.5-2.4 in). TL = 1.15 SL. Depth into TL 4.7-5.4. Where the brook stickleback is found, it is often a 

Head length into TL 3.4—4.3. Mouth small, oblique, common species. It is rare in Lake Winnebago (Prie- 
and dorsal, with lips swollen. Lower jaw projecting gel 1967a) and occasional in Lakes Superior and 
beyond upper jaw; minute, needlelike teeth in sev- Michigan. Its position in state waters appears to be 
eral irregular rows on upper and lower jaws. Dorsal secure. 
spines 4—6, separate, and each with its own mem- In Wisconsin, the brook stickleback was encoun- 
brane, followed by dorsal fin with 9-11 rays. Anal fin tered most frequently in clear to slightly turbid water 
with 1 spine and 9-10 rays; pelvic fin with 1 heavy at depths up to 1.5 m, over substrates of sand (24% 
spine and 1 ray (pelvic skeleton absent in some pop- frequency), gravel (21%), silt (16%), mud (11%), rubble 
ulations—see J. S. Nelson 1969 and 1977). Pectoral fin (9%), boulders (9%), clay (5%), detritus (4%), and 

9-11 soft rays; caudal fin rounded to truncate. Body bedrock (2%). It occurred in spring holes, boggy lakes, 
scaleless, but with 30-36 small, bony plates along the and occasionally in well-protected bays of large lakes. 
lateral line (see J. S. Nelson 1969); lateral line com- This species preferred moderate currents in streams 

plete. Digestive tract about 0.5 TL. Chromosomes 2n of the following widths: 1.0-3.0 m (36%), 3.1-6.0 m 
= 46 (Chen and Reisman 1970). (36%), 6.1-12.0 m (11%), 12.1-24.0 m (8%), 24.1- 
General color olive green on back and sides, with 50.0 m (7%), and more than 50 m (2%). It occurs in 

white spots of varying sizes and shapes, or with light the Great Lakes in shallows down to 31 m (Hubbs 
vertical, wavy lines; belly and ventral region of head and Lagler 1964), and in Lake Huron at all depths to 
of lighter greenish color to whitish. All fins lightly to 55 m (Scott and Crossman 1973). It is usually found 
darkly pigmented. in the colder waters, and invariably is associated with 

Breeding male with body and fins jet black, some- a moderate to dense vegetation cover. In southwest- 
times tinged with copper. ern Wisconsin, it is frequently encountered in highly 

turbid waters, suggesting the development of silt- 
SYSTEMATIC NOTES tolerant populations. 
The brook stickleback was known for many years by 
the generic name Eucalia. It was shown by Whitley BIOLOGY 
(1950) that Eucalia Jordan, 1878, in the Gasterosteidae In Wisconsin, spawning may begin as early as April, 
is preoccupied by Eucalia C. Felder, 1861, in Lepidop- and is known to occur from May to mid-June. Jacobs 
tera (Nymphalidae). Bailey and Allum (1962) saw no (1948) stated that the water must attain a minimum 

alternative to the adoption of Culaea Whitley, 1950, as temperature of 8°C (46°F) before the brook stickle- 
the generic name for the brook stickleback. back begins to spawn. However, nests have been 

In examining populations of the brook stickleback found normally at 15-19°C (59°-66°F) (Winn 1960);
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outside of this temperature range, nest building and usually followed by a very quick attack by one of the fish 
courtship are seriously impaired. In addition to a and an equally rapid counterattack by the other. Such at- 
suitable water temperature, the environmental re- tacks were sometimes followed immediately by a reorien- quirements for successful spawning include vegeta- tation of the fish into the lateral display ... this display 
tion for nest construction and clear water for court- occurred only between territorial males, which: always ship displays (Winn 1960, MacLean and Gee 1971) darkened in color during the display and attack and 
During the spring, a dult brooks sticklebacks ove showed conspicuous black vertical bands through their 

” : eyes. 
from deep, cold water into shallow, warm water, 

where they establish territories and start to build In general, the brook sticklebacks’ nests are roughly nests. According to Winn (1960), the territories are globular in shape, 1.5-5.0 cm diam, and are con- 
defended against individuals of a reasonable size and structed by the males of organic debris, filamentous 

of most species, including darters and trout. Rather algae, and other materials (Winn 1960). The nests are 
narrow boundaries exist between the territories, usually attached to a stem somewhere between the which the male sticklebacks are able to recognize. A bottom and more than 0.3 m above the bottom. They 
male, chasing another male, often SEOSSES: | his increase in size over the season as eggs are added 
boundary and thus in turn is chased. Ritualized and as the male adds material to the nest. The bottom 

fighting, called lateral display,” has been identified where nests are located varies from organic debris to 
and described by Reisman and Cade (1967:267): sand and various mixtures of both. Some nests ob- 

. . . [It] consisted of a parallel head-to-head or head-to-tail served in Lake Michigan were attached to Scirpus orientation with simultaneous fluttering of the bodies and stalks and to blades of grass bound together. A pre- 
with the dorsal and ventral spines maximally erect. It was ferred building site is Chara. The nesting materials
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are attached to their support and to each other by a During the parental phase, the male may also build 
whitish cement which is produced by the kidneys another nest at a different site, and transfer the eggs 
and associated structures, including the muciparous to a new nest. McKenzie noted that males used 
tubules, urinary ducts, bladder, and common urinary pieces of the old nest to build the new. Before the old 
duct. All of these become modified to produce the nest is completely demolished, the male transfers the 
secretion (Breder and Rosen 1966). All nests, accord- eggs by grasping them in his mouth and swimming 
ing to Winn (1960), have one opening prior to the to the new nest. If a clutch of eggs falls out of the 
deposition of eggs by a female. She creates a second nest, the male retrieves the clutch by grasping it in 
hole upon leaving the nest through the side opposite his mouth; he then swims to the nest entrance and 
the entrance maintained by the male. relodges the eggs. 

While the nest is under construction, even a ripe In the Waupaca River (Waupaca County) on 13 June 
female may be attacked vigorously. Winn observed a 1960, a 52-mm, 1.63-g female brook stickleback in 
male hitting the body of a female with his snout sev- prespawning condition with ovaries 8.9% of body 
eral times until she left. Generally, however, females weight, held 182 maturing (orange) eggs, 0.9-1.1 mm 
swim in aggregations or individually outside of the diam; she also held a few immature (white) eggs, 
male’s area. When a female is ready to spawn, her 0.3-0.6 mm diam. In the Popple River (Florence 
color changes from a uniform pale green to a varie- County) on 16 June 1965, when spawning was under 
gated dark and light pattern. She then enters the way, a partly spawned, 52-mm, 1.40-g female, with 
male’s territory where she is attacked. She responds ovaries 10.7% of body weight, held 90 mature eggs, 
in one of four ways to the male’s nips and butts: she 1.2-1.3 mm diam; she also held a few immature eggs, 
moves toward the nest, she remains motionless, she 0.3-0.5 mm diam. A 53-mm, 1.37-g female, taken 
goes to the bottom, or she moves on to another ter- from the Pecatonica River (Lafayette County) on 28 
ritory. If she remains still or goes to the bottom, the June 1960, had ovaries 11.7% of body weight, and 
male frequently goes to the opening of the nest held 94 mature eggs, 1.2-1.3 mm diam; in these eggs, 
(Winn 1960:433): the egg membrane had lifted from the yolk and ex- 

. .. If she did not come to the nest, he would go back to jubited a clear (perivitelline) SPaCe: 
her and the process was repeated. Several times nudges by The brook stickleback’s eggs are demersal and ad- 
the male appeared to direct the female towards the nest. hesive. Winn (1960) observed hatching in 8-10 days 
Eventually the female entered a nest. In this position, with at water temperatures of 16-17°C (61-63°F), and in 
her head and tail sticking out each side of the nest, the male 9-11 days at 17-18°C (63-64°F). McKenzie (1974) re- 

prodded her ventral region and her caudal peduncle. This ported hatching in 7 days at 17.5-18°C. The larvae 
resulted in her vibrating vigorously at which time presum- are 5 mm long. Although some observers have re- 

ably she laid eggs. After the female had vibrated, usually ported that the larvae remain attached by their heads 
several to many times, she swam out of the nest where she to various materials for several days, Winn suggested 
was attacked frequently by the male. « 3 - She fled imme- that this apparent attachment may be explained by 

diately to anares outside’ot the males territories: movement of the pectoral and caudal fins rather than 

After the departure of the female, the male enters by any viscid spot. 
the nest momentarily and fertilizes the eggs. According to McKenzie, on the day of hatching the 

According to Hubbs and Lagler (1964), fewer than male constructs a nursery by pulling apart the upper 
100 eggs are usually produced, and these are zeal- portion of the nest until it is a loose network of ma- 
ously guarded by the male. After the eggs have been terial. Such a nursery may aid in the aeration of the 
laid in the nest, the male pushes them to the side and embryos, and may also prevent the newly hatched 
down. The male brook stickleback may repair the fry from escaping before they can swim freely and 
second hole in the nest created by the exit of the fe- fend for themselves. As the embryos hatch they rise 
male; such repairs were observed much less often upwards, and most of them become enmeshed in the 
near the end of the spawning season. According to nursery. A few escape and rise to the surface of the 
numerous observers (Winn 1960, McKenzie 1974), water, but these are quickly retrieved by the male, 
the male positions himself in front of the nest en- who catches them in his mouth one at a time and 
trance and fans a current of water through the nest spits them into the nursery. He then fans the fry 
by a vigorous, alternate beating of his pectoral fins; briefly. In a day or two, the young escape so fast from 
while fanning, his position is maintained by a strong the nursery that the male is unable to retrieve them 
compensatory beating of his tail. all, and he either abandons them or eats them.
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M. Fish (1932) illustrated and described the 19.6-mm especially under crowded conditions. Large food ob- 
stage. jects are shaken vigorously while held in the mouth; 

The growth of young-of-year brook sticklebacks in this action serves not only to kill and to break up the 
Wisconsin follows: prey into smaller pieces, but also to signal communal 

feeding, during which the large pieces of food are 
TL grabbed from mouth to mouth by five to seven par- 

Now (mm) ticipating individuals, attempting to steal the food 
Date Fish Avg Range toceton away. Degraeve (1970) noted two instances in which 
ieJune-14.~=«25.1.-20-33.~~—~Rocky RunCr. (WoodCo.) brook sticklebacks burrowed their heads into the silt 
20 June 4 24.8 22-26 K C Cr. (Marinette Co.) of the bottom in search of food. 
30 June 10 33.9 27-40 Pecatonica R. (Lafayette Co.) When acclimated to water temperatures of 25-26°C 

* sun 3 ee ee Pea ess: " (77-79°F), the brook stickleback’s upper tolerance limit 
16 July 9 33.4 30-35 Duffy Cr. (Crawford Co.) (permitting 50% survival) is 30.6°C (87.1°F) (Brett 
22 July 25 33.7 26-38 Tributary to Waupaca R. 1944). Preliminary tests have shown that this species 
19 Sept. g 8 OeSR OL aloe ane 3 can be acclimated to survive for months at lower tol- 
20 Sept. 8 42.1 40-45 Mill Cr. (Wood Co.) erance temperatures of 0.0 to —2.0°C (Reisman and 
24 Sept. 86 39.6 31-47 Citron Cr. (Crawford Co.) Cade 1967). 

Besepts 121 __ 46.0) Serds) WOW (Lamolade Ga)! Nitrite toxicity of 5 ppm killed brook sticklebacks 
(McCoy 1972) in 3-5 hours; they were less sensitive 

Based on their length-frequency distribution, brook to this toxicity level than the yellow perch, but far 
sticklebacks captured 22 July from a tributary to the more sensitive than carp, black bullheads, common 
Waupaca River (Waupaca County) were: age 0— suckers, and quillbacks. Salinity tolerance experi- 
26-38 mm; age I—40-58 mm; and age II—60-63 ments have indicated that brook sticklebacks have a 

mm. On 24 June in Popple Creek (Forest County), considerable tolerance to salt water, at least for short 
the estimated length-frequency distribution was: age periods; they continued to feed in salinities of 50% 
0—29-32 mm; age I—35-54 mm; age II—56-59 mm; sea water (17.5 ppt), but ceased all activity at salini- 
and age III—68 mm. The last age group was repre- ties of 70% (Nelson 1968c). Natural populations of 
sented by a single individual, and age group II was brook sticklebacks are found in salt or brackish water, 
weakly represented. but such populations are unusual (Scott and Cross- 

Sexual maturity is attained in 1 year. man 1973). 
A large, 76-mm, 4.65-g brook stickleback was taken The marked spring and early summer natural 

from Rock Creek (Barron County) (Wis. Fish Dist. breeding season of the brook stickleback suggests the 
Study 1975). The maximum size reported for this spe- stimulating effect of a long photoperiod, i.e., about 
cies is 87 mm (3.5 in) (Scott and Crossman 1973). 14-15.5 hours per day (Reisman and Cade 1967). In 

The brook stickleback is carnivorous. A wide va- the nonreproductive state, these fish are relatively 

riety of aquatic insects, especially larvae and crusta- passive and congregate in schools. 
cans are the principal food items. In the Madison area Three types of burrowing behavior have been as- 
(Dane County), more than 47% of the volume of food cribed to the brook stickleback (Degraeve 1970). In 
eaten consisted of insects, and 38% consisted of en- one type, the fish burrow into silt by diving into it 
tomostracans (Pearse 1918). Winn (1960) noted that head first, and then rapidly lash their tails to propel 
fish eggs, its own and those of other species, are a their bodies beneath the silt; they may remain buried 
minor item in the brook stickleback’s diet. for periods exceeding 30 minutes. In another bur- 

In Illinois (Forbes 1883), half of the stomach con- rowing action, the fish “tunnel” through the silty 
tents of four brook sticklebacks consisted of filamen- substrate at about 15 cm per second for distances as 
tous algae and the other half of insects (nearly all great as 0.6 m, before they emerge again. Burrowing 
aquatic larvae of Chironomus) and Entomostraca (with into silt in search of food, which has been described 

Cladocera the most abundant). In Minnesota (Nurn- above, is the third type of behavior. 
berger 1928), brook sticklebacks had eaten algae, Spectacular downstream movements of the brook 
sponges, Entomostraca, and insects and their larvae. stickleback have been recorded. Large numbers were 

Individual brook sticklebacks show some aggres- trapped moving down Silver Creek, Ontario, into 
sive behavior of a nonreproductive type called food- Georgian Bay in Lake Huron, during a week in mid- 
fighting (Reisman and Cade 1967). Food-fighting June; similar numbers were trapped during a week 
appears to involve the establishment of a hierarchy, from the end of June to early July of the following



Brook Stickleback 781 

year (Lamsa 1963). In an upper Michigan tributary to IMPORTANCE AND MANAGEMENT 
Lake Superior, brook sticklebacks moved down- The brook stickleback is preyed upon by brook trout, 
stream chiefly in winter (Manion 1977); movement smallmouth bass, northern pike, bowfin, yellow 
increased in October, peaked in January, then gradu- perch, largemouth bass, and walleye. It undoubtedly 
ally tapered off through May. Most migration thus falls prey also to fish-eating birds, such as kingfish- 
took place when stream temperatures reached their ers, herons, terns, and mergansers. 
annual lows, and when water levels were nearly The brook stickleback is a host species for the glo- 
constant. chidial stage of the floater mussel, Anodonta grandis, 

Headrick (1976) reported that, in central Wisconsin hence helping to perpetuate that mussel. 
streams and ditches, the brook stickleback was abun- In Wisconsin, the brook stickleback is not a pre- 
dant where bank vegetation trailed in the water in ferred bait species, and it has little direct economic 
the presence of submergent Ranunculus, and where significance. However, in many waters it is effective 
there was also a maximum density in watercress in the control of mosquitoes, for it feeds on the 
cover. Reed canary grass in upstream ditches was not “wrigglers” and often lives in habitats that other 
good stickleback habitat because it sheltered brook fishes can not tolerate (Hubbs and Lagler 1964). 
trout which preyed on sticklebacks. Brook sticklebacks make interesting aquarium fish, 

Sixty-four brook sticklebacks were collected from and as such could be used in behavior studies if a 
the South Branch of the Popple River (Florence supply of live brine shrimp could be maintained to 
County) along with white sucker (14), blacknose dace feed them. Reproductive behavior can be induced in 

(28), creek chub (20), pearl dace (20), finescale dace the aquarium by following basic procedures (Reis- 
(24), northern redbelly dace (69), bluntnose minnow man 1961). However, because of its aggressive na- 
(22), common shiner (46), brassy minnow (1), central ture, the brook stickleback will kill other small fishes 
mudminnow (5), johnny darter (3), and mottled kept with it. 
sculpin (1).
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Ninespine Stickleback Breeding male often with jet black belly and white 
pelvic fin membranes. In both sexes, reddish tints 
about head. 

Pungitius pungitius (Linnaeus). Pungitius—pricking. 

Other common names: stickleback, tenspine stickle- SYSTEMATIC NOTES 
back, many-spined stickleback, pinfish, tiny For North America two morphological forms have 
burnstickle. been suggested (McPhail 1963): the Bering form, 

which occurs in coastal areas from Alaska across the 
top of the continent to New Jersey on the Atlantic 
coast; and the Mississippi form, which occurs from 

? : Sn the lower Great Lakes north and westward to the 

SY ’ Saige SS MacKenzie River, and includes the Wisconsin popu- 
~<a lations. The latter form has a higher gill raker count 

than the Bering form, and a low to intermediate dor- 

Adult 67 mm, L. Michigan, near Sheboygan (Sheboygan Co.), 23 sal spine count. McPhail suggested that Pungitius 
Apr. 1967 survived glaciation in two ice-free refugia, and as- 

sumed that the southern refugium was in the upper 
Mississippi Valley. The evidence suggests that the 

rhe 4 eae ae differences between these forms are genotypic. 

I ent pms: fl 
ae DISTRIBUTION, STATUS, AND HABITAT 

> In Wisconsin the ninespine stickleback occurs in the 
shoal waters of Lakes Superior and Michigan, and 

Dorsolateral view. Note arrangement of spines and expanded occasionally in the mouths of tributaries to these 

caudal peduncle. lakes. Records and reports appear for Lake Superior 
in Anderson and Smith (1971b), Dryer (1966), Moore 

DESCRIPTION and Braem (1965), McLain et al. (1965), and Ander- 

Body slender, compressed laterally, tapering to an son (1969); for Lake Michigan, they appear in Wells 
elongate, slender caudal peduncle broader than (1968), Wells and McLain (1973), Smith (1968b), and 
deep. Average length 57 mm (2.3 in). TL = 1.12 SL Reigle (1969a, b, c). 
(1.14 in Lake Superior [Griswold and Smith 1973]). No records exist of this species from the inland 

Depth into TL 6.0-7.2. Head length into TL 3.8-4.5. lakes in Wisconsin, although there is a possibility 
Mouth small, oblique and dorsal, with lips swollen. that it may be present in one or more deep, coldwater 
Lower jaw projecting beyond upper jaw; minute, lakes. It is known from four interior lakes in the state 
needlelike teeth in several irregular rows on upper of Michigan (Hubbs and Lagler 1964), and from one 
and lower jaws. Dorsal spines 9 (8-11), separate, and interior lake in Indiana (Nelson 1968a, c). 

each with its own membrane, followed by dorsal fin The ninespine stickleback is common to abundant 
with 9-11 rays. Anal fin with 1 spine and 8-10 rays; in shoal areas of Lake Superior, and uncommon in 
pelvic fin with 1 heavy spine and 1 ray; pectoral fin streams of its drainage basin. It is rare to uncommon 
with 10 rays; caudal fin truncate to slightly notched. in shoal areas of Lake Michigan. An increase in nine- 
Scaleless, but with small, bony plates usually along spine stickleback abundance in southern and east- 
anterior portion of lateral line, at bases of dorsal and central Lake Michigan is indicated since the late 
anal fins, and on lateral keels of caudal peduncle; lat- 1960s; this increase may be related to a decrease in 

eral line complete. Digestive tract short, about 0.4 TL. the abundance of alewives (Wells and McLain 1973). 
Chromosomes 2n = 42 (Chen and Reisman 1970). The ninespine stickleback is a fish of cool, quiet 

Dark green to yellow-green above, with irregular waters, and in Wisconsin it is almost wholly con- 
dark bars or mottling; lower head and belly silvery. fined to the marginal waters of Lakes Superior and 
Fins unpigmented. Male with dark gray iris, ventral Michigan at depths up to 110 m. 
spines a conspicuous bluish white, and a midventral 
gray patch extending from vent anteriorly to area be- BIOLOGY 
tween opercula; female with pale gray iris, ventral An extensive life history of the ninespine stickleback 
spines an inconspicuous light gray, and no dark in the Apostle Islands (Ashland County) of Lake Su- 
patch on ventral surface. perior was prepared by Griswold and Smith (1972 and
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1973). The account which follows was taken from observed spawning with three different partners. Fe- 

these sources, unless otherwise indicated. males always spawned twice within a period of 6-48 

The ninespine stickleback begins spawning in early hours; and two female acts were with different males. 

June in Lake Superior. The first spent females were In Lake Huron (McKenzie and Keenleyside 1970), 

observed on 6 June. By the end of July, all but 1 of 38 most ninespine stickleback nests are built under or 

fish were spent, and that 1 was partly spent. In between rocks, and are distributed from 25 to 150 cm 

aquariums, spawning activity was most frenzied when from shore at depths of 25-80 cm. A few nests are 

the water temperature was 11-12°C (51.8-53.6°F). built in relatively exposed locations, such as in sur- 

In the Apostle Islands, the only substratum in face pits of large rocks or very close to shore; most of 

which territories were established and successful these are eventually destroyed by wave action. Suc- 

nesting took place was in highly organic bottom muds. cessful nests are well hidden among rocks and are 

It was over these muds, at depths of 16-40 m, that not exposed to turbulence. Nests consisting entirely 

gravid females and males in breeding condition were of algae fragments are found under rocks and in 

collected by trawl in ‘ne lake. Nests built ae aaa crevices between rocks; the algae is loosely packed 

stratum were simple burrows about 1 cm diam an together with leaf fragments and rootlets. The male, 

3-4 cm long. The nests had one opening; fish enter- who constructs the nest alone, bores into this mass, 

ing the nest for spawning went in head first, turned probably gluing it from the inside with secretions from 

around, and deposited their sex products. Males en- his kidneys. He pushes and mends the outside of the 

tered the nests to fertilize the eggs immediately after nest, but no external gluing has been observed. Sand 

the female had vacated it. Males commonly spawned digging in which the male picks up substrate mate- 

twice, usually with different females; one male was rial from the floor of the nest in his mouth and spits 
y P
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it out away from the nest has been seen in aquari- either ignored her or repeated the approach, dance and lead 
ums in which rocks were placed on the sand. sequence, but dancing was not done while leading. When 

Territories are established by the male ninespine following a leading male, a female swam slightly head-up 
sticklebacks (McKenzie and Keenleyside 1970:57): and with her snout close to the male’s black patch. 

Resident males responded to territorial intrusion by an- The female deposits a cluster of 20-30 eggs in the 
other male either by rapid charging, or nipping, biting and nest and departs. The male then enters the tunnel- 
chasing, or by a slower approach followed by mutual circling shaped nest and fertilizes the eggs, swimming 
by the 2 fish, slight head-down posture, with ventral spines through the tunnel without stopping (Scott and 
erect. This was followed by the intruding fish swimming Crossman 1973). As many as seven females may be 

away, or by the circling developing into rapid roundabout encouraged to deposit eggs in one nest. While caring 
fighting, with each fish biting at the other's tail. Mouth for the incubating young, the male may build a sec- 
fighting was occasionally seen at the height of these vigor- ond nest. 

——e The fecundity of females collected from Lake Su- 
The raising of the dorsal and ventral spines is com- perior on 27 June ranged from 65 to 114 eggs. “Green” 
mon fighting behavior in this species. The head-down fish before spawning held 82-158 eggs. Griswold and 
posture indicates a high level of aggression, and a Smith (1972) suggested that atresia of some eggs oc- 
head-up posture indicates submission. curs in maturing ninespine sticklebacks just prior to 
McKenzie and Keenleyside did not see male nine- spawning, and that this may be a physical reaction 

spine sticklebacks dragging other males away from to the pressure caused by the growing ovary. In ma- 
their nests, as described by Morris (1958), although turing females, several developmental groups of eggs 
they noted that occasionally the males grasped small, can be distinguished. Water-hardened eggs 15 min 
intruding sculpins and suckers by the dorsal or the after release are 1.76 (1.53-1.98) mm diam. The mean 
caudal fin and dragged them away from the nest site. weights of ovaries in terms of body weight were 10.2% 
These authors describe a fighting posture called and 9.8% at two different stations in the Lake Supe- 
“shivering” (p. 57): rior study. 

Occasionally, as two males slowly circled around each In Lake Superior, NO: NMLESPuLe stickleback 88s 
other, the resident fish oriented towards its opponent, were found TL. TOre than 150 DUNESPUIE stickleback 
settled onto the bottom, and then vigorously shivered, or stomachs studied during the spawning period. 
vibrated the whole body, including the tail, for one or two The fertilized eggs are guarded and fanned by the 
seconds. Intruding fish either stopped advancing or re- male ninespine stickleback. During incubation the 
treated when the resident shivered, suggesting that it has time spent fanning peaks shortly before hatching, and 

signal value as a threat display. then falls off sharply until the young are free-swim- 

In the “stationary charge,” the ninespine stickleback ming. Lake Huron males do not build a nursery (a 

points itself directly at its opponent, with the tail and loose collection of plant fragments, into which Euro- 

posterior part of the body beating rapidly in intense pean male ninespine stickleback spit young fish which 
lateral movements while the fish remains stationary have strayed from the nest [Morris 1958]); rather, 
(Morris 1958). This display, as in the lateral display when the young are free-swimming, the male catches 
of the brook stickleback, usually develops into a them in his mouth and spits them back into the nest. 
charge and a bite. Those that escape the male scatter on the bottom and 

The female ninespine stickleback is invited into the hide among the rocks. A male parent has never been 

male’s nest with an elaborate ritual (McKenzie and seen eating his own fry. . . . 
Keenleyside 1970:58-59): After hatching, young ninespine sticklebacks con- 

gregate in shallow, sandy areas where they are un- 
A South Bay male courted by swimming straight at a ripe available to predatory lake trout and to most other 

female, stopping near her, briefly twisting his body into a species. By the time they leave the shallow water in 
slight S-bend, erecting both ventral spines, then turning late fall, they have grown to 45 mm or more. Nine- 

and swimming straight back to the nest. The female either : : 3 
followed the male to his nest and entered it, or followed spines of this length are found in trout stomachs the 

art way and stopped. The male usually responded to such following spring. 
hesitant female by quickly approaching her and dancing, In aquarium studies (Griswold and Smith 1972), the 

in which he tilted head-down and jumped around the fe- average length of ninespine sticklebacks at hatching 
male in a series of short jerky movements, turning slightly was 5.65 mm. After 1 day they measured 5.95 mm; 6 
laterally between jumps. After a bout of dancing he swam days—6.75 mm; 11 days—7.56 mm; 13 days—8.64 
directly to the nest again. If the female did not follow, he mm; 18 days—10.77 mm; and 22 days—12.91 mm.
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Copepods, rotifers, and brine shrimp were provided were evenly distributed at all depths during spring 
as food. Cannibalism was observed among fry, and turnover (when the waters .mix and the water tem- 
usually resulted in the death of both the cannibal fish peratures are the same at all depths) (Griswold and 
and its victim. Smith 1973). In midsummer they congregated on 

Ninespine sticklebacks of Lake Superior were aged warm, shallow shoals where water temperatures 
by reading annuli on otoliths. The annuli are depos- reached as high as 20°C (68°F). On a sandy beach they 
ited in late June and early July. According to Gris- were found in 1-4 m of water, and on a steep slope 
wold and Smith, the growth rates of females and covered with a dense growth of Nitella sp. they were 
males from the Apostle Islands varied. The average found in 15-20 m of water. When the fall turnover 
empirical lengths of females in spring prior to annu- occurred in September, they were again fairly evenly 
lus formation were: 1—47 mm; 2—62 mm; 3—69 mm; distributed at all depths. By November, the fish be- 
4—74 mm; and 5—80 mm. Males averaged: 1—47 mm; gan to congregate in the deeper water, and were 
2—60 mm; and 3—66 mm. Ninety percent of the found there in great numbers during December. It is 
males were mature at age I, but only 40% of the fe- assumed that a deepwater habitat is used in midwin- 
males were mature at that age. All individuals of both ter, since the fish are abundant there the following 
sexes are mature at age III. spring. In northern Lake Superior, a large number of 

Females predominated in the Apostle Island ninespine sticklebacks were taken at 69-77 m (Scott 
samples. In age-group 0, the male-female ratio was and Crossman 1973). 
0.930 to 1; by age III it was 0.125 to 1; and at age IV In southern Lake Michigan, Wells (1968) collected 
all specimens were female. High mortality occurred only three ninespine sticklebacks at depths of 37-91 
among males during the spawning season. In the m. In northern Lake Michigan, the fish were found 
laboratory, seven out of eight males that raised broods at depths of 18-90 m, but were most frequently 
to the point where the fry swam actively about, died caught at the 18 and 27 m intervals; in northern Green 
within a month after spawning. In the St. Lawrence Bay, they were most often taken at 9-31 m (Reigle 
River system (Quebec), Coad and Power (1973) noted 1969a, b). In Crooked Lake, Indiana, the ninespine 
that the longevity of the river form of the ninespine stickleback was found between 5 and 30 m (Nelson 
stickleback was 1 year and some months, whereas the 1968a). 
lake form lived for more than 2 years. The ninespine stickleback, introduced into a lake 

The largest ninespine sticklebacks taken from Lake with adverse oxygen conditions in the winter and 
Superior were two females, 80-81 mm long (Gris- spring, survived low oxygen levels of 0.8-1.46 ppm 
wold and Smith 1973). A large specimen 77 mm long (Zhiteneva 1971). At the beginning of winter, red 
(UWSP 1575) was collected from the mouth of a blood cells stored in the spleen are released into the 

tributary to Lake Michigan in Sheboygan County. blood. An anemic state began after 4.5-5 months. 
In western Lake Superior, crustaceans (amphi- There was an increase in the percentage of immature 

pods, mysids, and copepods) made up 50% of the red blood cells and of the phagocytic cells. It was de- 
ninespine’s diet in April, and 97-100% of its diet in termined that if the ninespine stickleback lives for 
May through November (Anderson and Smith 1971b). more than 5 months under adverse oxygen con- 
In the Apostle Islands (Griswold and Smith 1973), ditions, the blood-forming organs become over- 
ninespines less than 50 mm long fed primarily on strained; polymorphism is noted among the red blood 
Pontoporeia and copepods, which made up 70 and 13% cells. 
of the total food volume respectively; of minor im- In the Canadian parts of its range the ninespine 
portance were cladocerans, mysids, chironomids, stickleback exhibits modifications of the pelvic com- 
diptera larvae, and a filamentous green alga. In fish plex (= girdle). This complex may be abnormal in 
50 mm and longer, Pontoporeia constituted 61% of the some areas, absent in others (Coad 1973), and com- 
volume of food, Mysis 21%, copepods 8%, and mis- monly absent in some areas (Nelson 1971). The func- 
cellaneous other items 10%. Late fall and early spring tion of the pelvic complex appears to be twofold: it 
stomach samples suggest that coregonid eggs may be serves as a support for the pelvic spines which are 
an important food item in the winter. In Lake Huron used in defense against predators; and, in male fish 

(Reckahn 1970), ostracods were the major food item, during the breeding season, it serves as a signaling 
and other common items included cladocerans, dip- device for leading females to the nest. The loss of this 
tera larvae, amphipods, and isopods. structure would seem to place an individual at a se- 

In the Apostle Islands, ninespine sticklebacks were lective disadvantage. 
found in the warmer, deep water in early spring, but The ninespine sticklebacks differ from many other
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fish in that their pectoral fins are more important as stomachs. In the best lake trout nursery area in the 
swimming organs than their tails. During slow and Apostle Islands, ninespine sticklebacks are the pre- 
medium speed propulsion, the tail is not employed dominant food item, even though juvenile smelt are 
at all, but is held still and straight (Morris 1958). more abundant. The availability of ninespine stickle- 

Ninespine sticklebacks were seined from a public backs at the various stations is probably important in 
beach of Lake Superior (Ashland County) along with the lake trout’s selection of these areas as nursery sites; 
trout-perch and spottail shiners. no good trout nursery areas are known where nine- 

spine sticklebacks are not abundant. 
IMPORTANCE AND MANAGEMENT In northern Lake Michigan, the ninespine stickle- 

The ninespine stickleback is an important forage fish. back was found in 18.1% of the lake trout stomachs 
In Lake Superior, lake trout, brown trout, rainbow examined and constituted 10% of the volume of food 
trout, burbot, and various sculpins feed on nines- in those stomachs. In Green Bay, the ninespine was 
pine sticklebacks. In Lake Nipigon (Ontario, Can- found in 0.3% of the stomachs examined; it was not 
ada), ninespines are eaten by walleyes, brook trout, found in stomachs from southern Lake Michigan (Van 
lake trout, yellow perch, and burbot (Dymond 1926). Oosten and Deason 1938). 

In the Apostle Islands region, Griswold and Smith Studies reported by Griswold and Smith (1973) have 
(1973) found ninespine sticklebacks in 7.5% of the lake shown that young northern pike rejected ninespine 
trout less than 28 cm long; and, in 42% of the lake sticklebacks as food, first exhibiting a negative reac- 

trout 28-38 cm long, ninespine sticklebacks consti- tion upon coming into contact with the spines, and 
tuted 39% of the volume in the diet. In lake trout then a visual avoidance. Upon reaching a certain size, 

longer than 38 cm, smelt are the major food, al- however, northern pike prefer ninespine stickle- 
though ninespine sticklebacks are still found in a few backs as food.



Temperate Bass Family— 
Percichthyidae 

Two species of temperate basses in one genus are known from Wis- 
consin; both are strictly freshwater species. In the United States and 
Canada the temperate basses consist of seven species in four genera 
(Robins et al. 1980). Five species are essentially marine; two, the white 

perch and striped bass, run up coastal streams to spawn. Gosline (1966) 
has separated the temperate basses from the sea basses (Serranidae). 

The percichthyids are deep-bodied, percoid fishes with well-devel- 
oped jaws armed with numerous teeth. Their upper jaws are bordered 
by the premaxillaries, with the maxillaries expanded posteriorly. They 
have seven branchiostegal rays, and the pelvic fins are in a thoracic po- 
sition without an axillary process. 
Although superficially resembling the black basses and sunfishes, the 

temperate basses are not closely related to them, and differ from them in 
a number of characteristics: temperate basses are random spawners and 
they do not build nests or care for their eggs and young, as do most 
members of the sunfish family. 
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White Bass SYSTEMATIC NOTES 
Morone chrysops is a synonym of Lepibema chrysops 
(Hubbs 1929) and Roccus chrysops (Bailey 1956). See 

Morone chrysops (Rafinesque). Morone—derivation Bailey et al. (1970) for clarification of the current 

unknown; chrysops—golden eye. name Morone. 
Other common names: silver bass, white lake-bass, 

striped bass, silver fish, streaker. DISTRIBUTION, STATUS, AND HABITAT 

In Wisconsin the white bass occurs in the Mississippi 
River and Lake Michigan drainage basins. It is found 
in the bays of Lake Michigan, and particularly in 

f eo southern Green Bay. Earlier reports by Greene (1935) 
: ee ae from Lake Superior have been deleted from the map; 

zz there are no known records of its occurrence in the 

: ee Lake Superior drainage. The white bass has been in- 
Se re " troduced in Long Lake (Manitowoc County), Pelican 

4 Lake (Oneida County), and in the following lakes of 
ae ss Waukesha County: Lac La Belle, Pewaukee, Ocono- 

mowoc, and Nagawicka (Cahn 1927, McCutchin 
Adult 241 mm, L. Poygan (Winnebago Co.), 9 Aug. 1961 1946). Undoubtedly the fish rescue operations of the 

early 1900s, or panfish stocking by the former Wis- 

DESCRIPTION consin Conservation Department were responsible 
Body robust and deep, strongly compressed laterally. for a number of existing populations in these and 
Length 203-254 mm (8-10 in). TL = 1.27 SL. Depth other locations. In 1978 the white bass was reported 
into TL 3.5-3.8. Head length into TL 3.4-3.9. Mouth from Lake Alice (Lincoln County) (L. Andrews and 
moderate, slightly oblique. Lower jaw projecting be- S. Serns, pers. comm.). 

yond upper jaw; minute, needlelike teeth in several The white bass is common in large lakes and rivers 
irregular rows on upper and lower jaws. A sharp of the southern half of Wisconsin, and in the St. Croix 

spine near back of gill cover; margin of preopercle River upstream to the St. Croix Falls Dam. It is abun- 
(bone just ahead of gill cover) strongly saw toothed. dant in Lake Winnebago. In Wisconsin, its status ap- 
Dorsal fins 2; first dorsal fin 9 spines and separated pears to be secure, although in some waters it is being 
from second dorsal fin of 1 spine and 13-15 rays. displaced by the yellow bass. 
Anal fin of three spines and 12-13 rays; anal spines The white bass occurs in open, clear to turbid wa- 

graduated from short to long in distinct steps, with ters of lakes and reservoirs, and in large (occasionally 
the first spine one-third or more the length of the medium-sized) rivers with moderate currents. It was 

second spine; the second anal spine not notably encountered most frequently in water less than 6 m 
heavier than the third. Pelvic fin far forward (almost deep, over substrates—in decreasing frequency—of 
below pectoral fin), with 1 spine and 5 rays; caudal sand, mud, rubble, gravel, silt, clay, hardpan, and 
fin forked. Scales ctenoid, 52-60 in lateral line; lat- boulders. 

eral line complete. Scales on gill covers, cheeks, and 
top of head to between eyes. Digestive tract into TL BIOLOGY 
about 1.3. Spawning occurs from late April to June, and is tem- 

Overall silvery in life; in preserved fish, back and perature dependent. In Lake Mendota, the spawning 
upper sides olive gray, shading to white on lower runs of the white bass occurred from late May 
head and belly. Sides with 6-7 horizontal, dark through June, at water temperatures of 12.5-26.1°C 
stripes. Vertical fins pigmented; little or no pigment (54.5-79°F); peak spawning occurred at 16.9-22.6°C 
on paired fins. (62.4—72.7°F) (Horrall 1962). High temperatures early 

Sexual dimorphism: In male, a single urogenital in the season were associated with an early run, and 
opening behind the anus; in female, 2 openings (gen- a rapid rise in temperatures was correlated with an 
ital and urinary) behind the anus (Moen 1959). increase in the intensity of spawning and with a 

Hybrids: White bass x yellow bass from Lake shorter spawning period. 
Mendota (Dane County), 16 June 1975 (Wis. Fish White bass apparently prefer the running water of 

Distrib. Study 1975). tributary streams for spawning, but when such wa-
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ters are lacking they spawn along windswept lake early in the season, either the female white bass out- 
shores in water 0.6-2.1 m deep. A firm bottom of number the males, or there is about a 1:1 ratio. Fol- 
sand, gravel, rubble, or rock is required for successful lowing this period, there is a rapid build-up of a 
spawning (Riggs 1955), although spawning has been strongly male-dominated spawning population (about 
observed on rooted aquatic plants, filamentous al- nine males to one female), which persists over the 
gae, and logs (Chadwick et al. 1966). greater portion of the run and characterizes the active 

During spawning (Riggs 1955), several males sur- spawning period. During the run a ripe female 
round a female and the group swims “rapidly and moves from deeper water onto the spawning shoals 
erratically around scattering the demersal eggs at or just long enough to expel her eggs, after which she 
near the surface.” Riggs noted that the eggs are fertil- returns to deeper or open water. The end of the run 
ized as they sink, and since the eggs are adhesive, is typified once more by a 1:1 sex ratio, or by a slight 
they attach to gravel, vegetation, and other materials female dominance. Such bisexual feeding schools are 
standing in the water. composed of spawned-out fish and of late female 

Active spawning occurs both day and night (Chad- spawners. 
wick et al. 1966). The length of the spawning period Horrall has demonstrated that there is a decrease 
is from 3 to 4 days (Cahn 1927) to several weeks. In in the average size of white bass on the spawning 
Lake Mendota (Dane County), Horrall (1962) noted grounds from the beginning to the end of the spawn- 
that spawning by white bass at Maple Bluff and Gov- ing period—the result of a decrease in the number of 
ernor’s Island began in late May and continued older fish and an increase in the number of younger 
through June in some years. fish. The recruit spawners, in age groups II and III, 

Horrall observed that, on the spawning shoals reach a maximum number during the last portions of
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the spawning period. Horrall concluded that the ma- White bass are generally aged by scales, which 
jority of the white bass continue to spawn on the usually show well-marked annuli that are easy to 
same spawning ground each year. read. In Lake Mendota (Dane County), Horrall (1962) 

The number of white bass eggs produced per fe- noted that annulus formation did not occur in fish 
male varies from 241 to 933 thousand, and averages age-III or older until after the spawning period. He 
565 thousand (Riggs 1955). The number of eggs pre- determined the following age and mean total length 
sumably is related directly to the size of the female. for males (females): III—263 (271) mm; IV—278 (290) 
In Lewis and Clark Lake, South Dakota, females mm; V—287 (303) mm; VI—297 (310) mm; VII—313 
spawned only about 50% of their eggs; the large eggs (321) mm; and VIII—326 mm. 
were shed during spawning, and the smaller eggs In Lake Winnebago (Priegel 1971a), the calculated 
were retained and resorbed by late July or early Au- lengths at the end of each year of life were: 1—97 
gust (Ruelle 1977). White bass eggs are 0.7-1.0 mm mm; 2—190 mm; 3—254 mm; 4—274 mm; 5—287 

diam immediately before spawning and with water- mm; 6—302 mm; 7—307 mm; and 8—320 mm. The 
hardening they are 0.7-1.2 mm diam. In South Da- length-weight relation of Lake Winnebago white bass 
kota white bass ovaries in April were 9.8% of body is expressed by the regression Log W = —5.63167 
weight, and averaged 10-15% of body weight in May. + 3.29933 Log L, where W is weight in grams and L 

Eggs from Lake Mendota white bass hatched at is TL in millimeters. No significant difference in 
20.2°C (68.4°F) in 45 hours and another group of eggs growth between the sexes was found, so the data 
at a temperature of 21.5°C (70.7°F) hatched in 41 hr were combined. The three largest fish seen from 
(Horrall 1962). The yolk-sac is absorbed in about 8 Lake Winnebago were 358, 363, and 386 mm TL. In 

days. No parental care is given to the eggs or to the Lake Geneva (Walworth County), white bass 6 years 
young. Newly hatched larvae are about 2 mm long old were 305 mm SL (Nelson and Hasler 1942). 
(Yellayi and Kilambi 1970). Sac larvae of the white bass More rapid growth was exhibited by white bass 
exhibit unique swimming behavior (Siefert et al. from the Mississippi River. White bass from Pools 
1974:188): 3-6 had the following calculated growth to the an- 

nuli: 1—130 mm; 2—246 mm; 3—313 mm; 4—353 
. .. They swam vertically to near the surface, where they mm; and 5—351 mm (Kittel 1955). A small sample 

became inactive and dropped, head down, to the bottom taken in October from Lake Pepin (Upper Miss. R. 
of the chamber. Upon touching, they swam actively to the Conserv. Com. 1967) was: 0—132 mm; I—241 mm; 
surface again. This behavior was noted at all oxygen con- 1—297 mm; III—351 mm; and IV—376 mm. From a 
centrations at 16 C soon after hatching, and it continued for backwater area near Fountain City (Buffalo County) 
3 days at oxygen concentrations of 35% saturation and di y yh 
above. On the 4th day the larvae at these concentrations white bass were: 0—99 mm, I—236 TL, H—328 mm; 

maintained a horizontal swimming position. and IIl—363 mm (Christenson and Smith 1965). 
White bass are generally sexually mature at age III, 

M. Fish (1932) illustrated and described the 5.0-, although some precocious males mature at age II 
5.1-, 10.5-, and 12.6-mm stages. Taber (1969) pictured (Horrall 1962). In Lake Winnebago (Priegel 1971a), 
developmental stages from 2.4 to 19.0 mm. 8% of the males were mature at age II, and all were 

Young white bass, when hatched, remain in shal- mature at age III; 42% of the females were mature at 
low water for a while, then migrate to the deeper wa- age III, and all were mature at age IV. 
ters. In Lewis and Clark Lake, South Dakota, most A 1.7-kg (3-lb 12-0z) white bass was caught from 
larvae 4-10 mm long were planktonic (1-2 m below Pelican Lake (Oneida County) in 1963, and in 1977 a 
the surface) and were collected near shore (Walburg 1.99-kg (4-lb 6-0z) specimen from Okauchee Lake 
1976). Fish longer than 10 mm were found near the (Waukesha County). A 2.41-kg (5-Ib 5-0z) white bass 

bottom in water 2-4 m deep. was taken in 1972 from Ferguson Lake, California. 
In Lake Winnebago (Priegel 1970a), the growth of White bass are carnivorous. They feed on micro- 

young-of-year white bass was: June—18-25 mm; scopic crustaceans, insect larvae, and fish. In Lake 
July—29-73 mm; August—51-110 mm; September— Mendota (Voigtlander and Wissing 1974), young 
59-114 mm; and October—87-141 mm. Although white bass consumed largely cladocerans and chiron- 
young-of-year continued to grow through mid-Octo- omids, some copepods, Hyalella azteca, ephemerop- 
ber, 50% of their growth was completed by 1 August teran nymphs (Caenis sp.), and fish (brook silver- 
(Priegel 1971a). The average total length by mid-Oc- sides) which appeared only twice in the samples, and 
tober 1966 was 104 mm. were probably incidental captures. Yearling white
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bass in Lake Mendota consumed Daphnia, Leptodora, Heated zones in the Wabash River, Indiana (Gam- 
Hyalella, chironomids, Odonata, ephemeropterans, mon 1973), seemed to attract small white bass. 

and fish. The frequency of occurrence of fish in the Analysis of their selection and avoidance of thermal 

diet of these yearlings was 14-50% in seven samples zones, suggested that the probable optimum temper- 
taken; they included crappies spp., sunfish spp., ature for the species lay between 28.0 and 29.5°C 
spottail shiner, Notropis sp., bluntnose minnow, carp, (82.4 and 85.1°F). At the Colbert Power Plant on the 

bullhead sp., temperate bass sp., brook silverside, Tennessee River, the white bass was captured from 

yellow perch, and logperch. A 203-mm yearling white the 34.4°C (93.9°F) discharge (Churchill and Wojtalik 
bass had a food volume of 7.20 ml, which consisted 1969). 

of seven crappies sp. (30-40 mm), one sunfish sp. Chadwick et al. (1966) noted that white bass thrive 
(25 mm), and one Notropis sp. (25 mm). In an earlier over a wide range of limnological conditions. In 

study McNaught and Hasler (1961) determined that Oklahoma they do well in shallow impoundments 
zooplankters of the genus Daphnia comprised the bulk with small annual fluctuations, and with moderate 
of the food of the white bass in Lake Mendota. These alkalinities of 80-110 ppm. 
white bass were able to locate high concentrations of Studies of the movements and depth distribution 
Daphnia, and the pattern of their feeding activity was of white bass were made in Lake Mendota (Tibbles 
shown to correspond with the morning and evening 1956). From early spring to the fall, usually in the 
concentrations of Daphnia in the surface waters. early morning and late afternoon, white bass were 

In 56 white bass collected from Pool 19 of the Mis- seen singly, in schools, or in schools in such large 

sissippi River (Hoopes 1960), Hexagenia naiads con- numbers that an entire surface area seemed alive 
stituted 54% of the total stomach contents. The larvae with their commotion. Such activity ceased shortly 
of Potamyia flava formed 9% of the contents, and im- after sunrise, and began again a few hours before 
mature Odonata and Zygoptera, Hemiptera, amphi- sunset. Throughout the summer, over 90% of the 
pods, crayfish, and fish were also present. catch of white bass was within the top 6 m of water. 

In Lake Winnebago, young-of-year white bass con- The white bass were not observed quiescent on the 
sumed 100% invertebrates, including Daphnia, Lepto- bottom with the yellow perch, but they were ob- 
dora, Cyclops and Diaptomus, Hyalella, ostracods, oli- served under floating aquatic vegetation or in the 
gochaetes, chironomids, and Limnephilus (Priegel shadow of buoys. They apparently moved little at 
1970a). Yearling and older white bass relied espe- night. Limited data suggest that white bass prefer a 

cially on Daphnia and Leptodora, and consumed young habitat in the surface waters during the summer, but 
fish shortly after they hatched; among these were move into deeper waters for the rest of the year. Hor- 
yellow perch, sauger, white bass, freshwater drum, rall (1962) observed that the littoral zone is fre- 
and trout-perch. The freshwater drum and trout- quented by the white bass only in the early stages of 
perch occurred most frequently in white bass stom- life, in old age, and during the spawning season. 

achs. Young bass avoid dense vegetation and shallow areas 
McNaught and Hasler (1961) determined that year- with organic bottoms; they prefer shallow water over 

ling white bass pick up individual Daphnia when sandy beaches. Wissing and Hasler (1971) noted that 
feeding. Older white bass make a subsurface sweep young-of-year white bass demonstrated a high de- 
some 20-40 cm in length, at a depth of 10-20 cm, gree of excitability when an individual fish was iso- 
with mouths agape and opercles spread. They then lated from other members of a school. 
break through the surface film, causing the distur- In a tagging study in the Mississippi River, white 
bance by which their schools are readily sighted. bass were rather mobile and were capable of under- 
There is a progressive shift by white bass to larger taking extended journeys (Finke 1966b). After the 
food items as light levels decrease. Preliminary stud- spring migration into the tailwaters of Lock and Dam 
ies indicate that white bass feed more by sight than No. 3, the white bass ranged widely: A small portion 
by scent (Greene 1962). of the population continued upstream and entered 

In the laboratory, Wissing (1974) determined that tributaries such as the St. Croix 24-50 km (15-31 mi) 
the daily food energy consumed by white bass rep- upstream from the tagging site; the majority of the 
resented about 6% of the caloric value of the whole fish moved downstream 18 km (11 mi) to Lake Pe- 
fish. Of this, roughly 27% was egested, while the re- pin, where they remained; others made long down- 
mainder was assimilated and then apportioned to stream movements of up to 211 km (131 mi). The 394- 
growth and maintenance. mm white bass which journeyed 211 km was at large
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for 131 days before it was recaptured. The average larger tributaries. The white bass responds to live 
distance traveled by 57 white bass before recapture minnows, grubs, angleworms, artificial flies, and 
was 34 km (21 mi). flashy spinning lures. Stringers of large numbers of 

The white bass has a strong homing tendency white bass are not unusual. Even lake fishing will 
which is directed toward a specific spawning ground produce large catches, and John (1954) reported that 
(Hasler et al. 1958, Horrall 1962). In Lake Mendota, two fishermen in 1911 caught 611 white bass from 

most recaptured fish had homed correctly, and even Lake Mendota during 1 day of fishing. 
those fish which had been removed to a different On the Mississippi River in 1957, the white bass 
spawning area returned to the spawning area where ranked fifth in the sport catch, and in 1962-1963 it 
they had first been captured. Hasler et al. (1969) ranked fourth (Upper Miss. R. Conserv. Com. 1967). 
demonstrated that spawning and nonspawning white The estimated sport fishery catch of white bass in 
bass which were displaced from their capture sites, Pools 4, 5, 7, and 11 during 1967-1968 was 55,484 fish 
and which were provided with ultrasonic transmit- weighing 22,130 kg (48,787 lb) (Wright 1970). 

ters in the stomachs, showed a distinct directional The commercial harvest of white bass from the 
preference for the eastern half of the lake where the lower Green Bay waters of Lake Michigan in 1974 was 
spawning grounds were located. Water currents, reported at 1,730 kg (3,815 Ib) (Wis. Dep. Nat. Re- 
wind-generated surface waves, and the sun were sour. 1976c). 

considered as possible directional cues used by the In 1955 (Kittel 1955), test netting from Pool 3 to the 
fish. head of Pool 6 in the Mississippi River showed that, 

In Lake Mendota, the common schooling associ- next to black crappies (17.5 fish per lift), white and 
ates of adult white bass are the yellow perch and the yellow bass (3.6 fish per lift) were the most common. 
crappie (Pomoxis). The spottail shiner is common in Other experimental nets may show greater numbers 
schools of yearling white bass (McNaught and Hasler of channel catfish, saugers, yellow perch, and giz- 
1961). zard shad, but the white bass is frequently among 

the leaders. Finke (1966b) noted that in the upper 
IMPORTANCE AND MANAGEMENT Mississippi River white bass are lightly harvested, 
The white bass is a host to the glochidial stage of the even in areas like Lake Pepin where they congregate 
following mollusks: Megalonaias gigantea, Lampsilis ra- after the spring migration. In Lake Winnebago, the 
diata luteola, Amblema plicata, Anodonta grandis, Acti- white bass is the most abundant panfish species; 
nonaias carinata, Anodonta implicata, and Fusconaia ebena however, according to Priegel (1971a) it is cyclic, and 
(Hart and Fuller 1974, Surber 1973). even when numerous it is only harvested in appre- 

The white bass is one of the most handsome of ciable numbers during its spring spawning migra- 
freshwater fishes, and ranks fairly high as a food tion up the Fox and Wolf rivers. 
fish. The flesh is firm, white, and palatable when White bass may dominate an impoundment within 
either fresh or smoked. When the spectacular yearly a few years after introduction (Chadwick et al. 1966); 
runs occur in the Wolf River, hundreds of anglers however, white bass populations do not seriously af- 
gather in the vicinity of Fremont, Gills Landing, and fect other game fish. The standing crop of white bass 
Winneconne. Both anglers and white bass also con- from Oklahoma to Wisconsin averaged 3.6 kg/ha (3.2 
centrate on the Fox River at Omro and Eureka, and Ib/acre), and ranged from 0.1 to 25.9 kg/ha (0.1 to 23.1 
below the dams on the Mississippi River and its Ib/acre) (Carlander 1955).
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Yellow Bass SYSTEMATIC NOTES 
Synonyms: Morone interrupta (Carlander and Cleary 
1949), Roccus interruptus (Cook 1959), and Roccus mis- 

Morone mississippiensis Jordan and Eigenmann. Mo- sissippiensis (Bailey 1956). See Bailey et al. (1970) for 
rone—derivation unknown; mississippiensis—of clarification of the current name. 

the Mississippi River. 

Other conimon names: brassy bass, gold’ Pass, a pisraminiON, STATUS, AND HABITAT 
streaker, barfish, striper, striped bass, black- Secs) 
striped bass. The yellow bass, a southern species, is a recent ad- 

dition to the fish fauna of Wisconsin, where it 
reaches the northern limit of its distribution. The first 

Le records came from the Mississippi River in the vicin- 
ia G, - ity of Prairie du Chien and Lynxville (Crawford 

ont " i wo County) (Greene 1935). Since the late 1920s it has 

- et Fen ertereneta oat ai = = been reported upstream in the Mississippi as far as 

a eo a Lake Pepin, in the lower Chippewa River basin, and 
~~ ( —— ¥ in the lower Wisconsin River upstream to the Prairie 

— du Sac Dam. This species also occurs in the Lake 
ae Michigan drainage basin and in the Rock River basin, 

: where it undoubtedly was introduced. 
Adult 210 mm, L. Winnebago (Fond du Lac Co.), 28 Aug. 1961 Helm (1964) summarized the expansion of the yel- 

DESCRIPTION low bass in Wisconsin (p. 124): 

Body robust and deep, strongly compressed later- - . - By 1958 specimens had been collected or reliably re- 
ally. Length 152-203 mm (6-8 in). TL = 1.25 SL. ported from 22 lakes or ponds in six river systems within 

Depth into TL 3.3-3.6. Head length into TL 3.6-3.8. the State, in addition to the Mississippi River. Most of the 

Mouth moderate, scarcely oblique. Lower jaw scarcely expanpion: ‘within, the; State: appeat, to bei the iresull! of 
oats ‘ : ‘ transferring fish from the Mississippi River, while the re- 

Projecting beyond upper jaw; minute, needlelike teeth mainder is due to the stocking of children’s fishing ponds. | 
in several irregular rows on upper and lower jaws. A As a result of these stocking activities, the range of the yel- 
sharp spine near back of gill cover; margin of pre- low bass has been extended from the Mississippi drainage 
opercle (bone just ahead of gill cover) strongly saw into the Great Lakes drainage. 
toothed. Dorsal fins 2; first dorsal fin has 9 spines, ‘ : 
slightly connected by membrane to second dorsal, Hela puggested tha the appearance et Wily bpenies 
which has 1 spine and 11-13 rays. Anal fin of 3 spines in the Madison lakes occurred asa result of salvage 

and 8-10 rays; anal spines not graduated from short a transfers) into Lake Wingra during the 19308. 
to long in distinct steps: the first spine is less than Wright (1968) determined its recent dispersal in the 
one-third length of the second, and the second and Madison lakes region. . 
third spines are almost of equal length; second spine The yellow bass is mieomen to common in the 

notably heavier than the third. Pelvic fin far forward Mississippi and lower Wisconsin rivers. It is com 

(almost below pectoral fin), with 1 spine and 5 rays; mon and aneTeaST mm Lakes Poygan and Winne- 

caudal fin forked. Scales ctenoid, 49-51 in lateral line; a and in the Madison lakes. Its status appears to 
lateral line complete. Scales on gill covers, cheeks, and ‘ ee . . 
top of head ees eyes. Penis tract into TL The yellow bass is primarily an inhabitant of lakes 
about 15, and connecting lakes, sloughs, and reservoirs on large 

Overall, golden yellow in life; in preserved fish, rivers. It prefers wide expanses of open water free of i 

back and upper sides yellow-olive, shading to yel- weeds, ON substrates of sand, gravel, rubble, and 
low or yellow-white on lower head and belly. Sides silt, and over firm substrates overlaid with a thick 

with 6-7 horizontal, dark stripes. Vertical fins pig- layer.of mud..1tis found in clear fo:turbid water, up 
mented; little or no pigment on paired fins. toat least 7.m deep. 

Sexual dimorphism: In male, a single urogenital i 

opening behind the anus; in female, 2 openings BIOLOGY 

(genital and urinary) behind the anus (Moen 1959). In Wisconsin, the yellow bass spawns in May or June. 
Hybrid: White bass x yellow bass from Lake Men- It commonly moves into tributary streams to spawn, 

dota (Dane County), 16 June 1975 (Wis. Fish Distrib. or it may spawn in a lake over gravel or rock reefs in 
Study 1974-75). water 0.6-1.0 m deep. Spawning begins when water
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temperatures approach 15°C (59°F) (Bulkley 1970), that his vent is directly over the eggs as they come from 

after a rapid temperature rise of 3.5-4.5°C over sev- the female. He ejects the milt on the eggs without any per- 
eral days; however, spawning is probably more in- ceptible movement of his body except as necessary to 

tense at 20-22°C (68-71.6°F) (Burnham 1909, Shields maintain his position beside the female. The eggs are not 

1965) , all voided at once, and the fish swim around together dur- 

- . ‘ ing the interval between spawnings, which continue for an 

ine e “ treet Lake Whe onds we a oe hour or more. After spawning the fish usually remain still 

white bass. ~ in Lake Mendota (Horra ), near the bottom for some time as if resting. 

a number of ripe male and female yellow bass were 

captured from the white bass spawning grounds at No care is given to the eggs or to the young. 

Maple Bluff. Previously large numbers of yellow bass In Lake Wingra, the average egg production of yel- 

had been known to spawn in the Yahara River below low bass 148-168 mm TL was 19,300 (14,300-39,400) 

the dam at the outlet of Lake Mendota. ; (Churchill 1976). Bulkley (1970) noted that in lowa 

Preliminary to spawning, yellow bass Palt off and there was a wide variation in the effective fecundity 

swim swiftly along side by side; the male swims about of yellow bass females, not only among females of 

8 cm away from the female, and both appear to be similar lengths, but from year to year. Atresia of de- 

excited (Burnham 1909). When spawning occurs, the veloping eggs was estimated at 20% during the pe- 

fish swim very slowly or stop for a few seconds while riod from December to May, and was attributed to 

the eggs and milt are emitted (p. 104): poor nutrition. 

In the act of spawning the female lies partly on her right In Iowa at spawning time, the ovaries of adult yel- 

side with vent toward the male, ejecting the eggs with a low bass constituted up to 16% of body weight, and 

tremulous or wavy motion of her entire body. The male does testes constituted up to 8% of body weight. Freshly 

not lie sideways but remains upright beside the female, so ovulated eggs averaged 0.8+0.1 mm diam. Not all of
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the eggs were laid; Bulkley reported retention of ap- from the Wolf-Fox basin. The calculated lengths of 202 
proximately 34% of the total egg production. yellow bass from Lake Poygan were: 1—76 mm; 2— 

The eggs of the yellow bass are semibuoyant and 162 mm; 3—234 mm; 4—253 mm; 5—274 mm; and 

sink slowly. Many are eaten or smothered, and many 6—300 mm (Priegel 1975). The length-weight rela- 
are unfertilized when they reach the bottom (Burn- tion is Log W = —4.0289 + 2,700 Log L, where W is 
ham 1909). Shields (1965) noted that the percentage WT in grams, and L is TL in millimeters. Priegel found 
of eggs which hatch is usually low. The strength of that the growth of Lake Poygan yellow bass was 
year classes may be very erratic, and an abundance greater than that reported from most areas of the 
of yellow bass usually occurs in only 1 year out of 3. United States. 
At a water temperature of 21.1°C (70°F) the eggs hatch In this species, maturity is reached at age III (Prie- 
in 4-6 days into colorless, transparent larvae ap- gel 1975, Shields 1965). 
proximately 3.2 mm long. The yolk-sac is absorbed Few yellow bass live more than 3 or 4 years. The 
in about 4 days, after which the fry begin swim-up annual survival rate after the first year of life is about 
movements (Burnham 1909:105): 20-40%. Buchholz and Carlander (1963) reported a 

. . . . life span of 9 years for few individuals of this spe- 
[the fry] rise straight ne the ae head first by vig- cles: 
orous movements of the tail, and when their exertions cease 

turn quickly and sink head first to the bottom without A 2648 (2-lb 2-07) yellow. bass was caught 18 Janus 
moving the body or fins while descending. Touching bot- ary 1972 from Lake Monona (Dane County). A large 
tom they immediately turn and swim upward again, occa- 6-year-old yellow bass, 411 mm (16.2 in) long and 
sionally stopping before reaching the surface. weighing 1.42 kg (3 Ib 2 oz), was caught from Lake 

Poygan in state fish management nets in January 1964 
Swim-up fry may be seen near the surface in water (Stevens Point Daily Journal, 20 March 1964). 
about 0.6 m deep, and in 2-3 days they drift toward The yellow bass is carnivorous. In Lake Wingra, the 
the shores and can be found in water 3-25 cm deep. foods of major importance were Cladocera (92% oc- 
The minute fry swarm in schools once they have ab- currence), Copepoda (92%), Chironomidae larvae 
sorbed their yolk-sacs and can swim freely. These (68%), Chironomidae pupae (52%), Chaoborinae 
schools remain in the shallows, where they feed on (16%), fish remains (20%) and Ostracoda (28%). 
minute zooplankton. At this stage they are vul- Ephemeroptera, Hydracarina, and Corixidae oc- 
nerable to predation. After they begin to feed, yel- curred less frequently (Helm 1964). Plankton was the 
low bass fry grow rapidly, reaching a length of 25 mm most important food consumed during the day, and 
in about 3 weeks. Their natural food is terrestrial and chironomids were most important at night. Helm 
aquatic insects. noted no significant differences in the foods con- 

In Lake Wingra, young-of-year yellow bass were sumed by small, medium, and large fish. 
45-51 mm (1.8-2.0 in) long in early August, and were In Iowa, young yellow bass ate primarily entomos- 
74-93 mm (2.9-3.7 in) long by late October (Helm tracans, but started taking significant numbers of im- 
1964). In Lake Winnebago in mid-August, young mature insects when the bass reached 50 mm (Welker 
yellow bass averaged 50 (35-57) mm (J. Gunderson, 1962). Forage fish were found in only 2% of the adult 
pers. comm.). yellow bass examined in 1960, compared with 24% 

The use of scales for determining the age of yellow in 1952 and 86% in 1943, when the yellow bass pop- 
bass is not always reliable. During certain years, es- ulation consisted of larger fish. In 1953-1954 Collier 
pecially when yellow bass are slow-growing, the an- (1959) found adult yellow bass consuming large 
nuli fail to form (Helm 1964, Frey and Vike 1941, numbers of young-of-year yellow bass, gizzard shad, 
Buchholz and Carlander 1963). and insects; but during the summers of 1956 to 1958, 

In Lake Wingra (Churchill 1976), the average cal- forage fish were of minor importance in their diet, 
culated total lengths at the annuli were: 1—97 mm, and the yellow bass fed mainly on immature insects 
2—136 mm, 3—153 mm, and 4—159 mm. Yellow bass and minute crustaceans. Bulkley (1970) and Kraus 
105-130 mm long, captured from Lake Monona on 10 (1963) also reported that adult yellow bass ate young- 
August, were 90 mm long at the time of first annulus of-year of their own species as a major food item 
deposition (J. Gunderson, pers. comm.). A 210 mm during the late summer and autumn. 
fish from lake Mendota, captured 10 August, had the In Lake Wingra during July, yellow bass exhibited 
following calculated values at the annuli: 1—68 mm, a definite feeding pattern (Helm 1964)—feeding 
2—125 mm, 3—148 mm, 4—168 mm, and 5—185 mm. shortly after dark and again at daylight. Unlike white 
More rapid growth was exhibited by yellow bass bass, they do not regularly feed on the surface, but
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usually feed at mid-depths or near the bottom (Helm silvery minnow (2), white bass (7), western sand 

1958, Shields 1965). darter (14), blackside darter (1), logperch (5), johnny 

In Lake Monona, during the summer months, large darter (16), smallmouth bass (1), bluegill (1), and brook 

yellow bass were concentrated during the day in a silverside (10). 
power plant outfall area with water temperatures ap- . 
proaching 35°C (95°F) (Neill and Magnuson 1974). IMPORTANCE AND MANAGEMENT 
Small- and medium-sized yellow bass were more According to Shields (1965), small yellow bass pro- 
abundant, day and night, in the unheated areas, and vide excellent forage for many species of fish, in- 
appeared to avoid the outfall areas. Burnham (1909) cluding larger yellow bass. 
reported that this species is tolerant of water temper- In Lake Wingra (Dane County), yellow bass con- 
atures higher than 32.2°C (90°F). tributed 11% to the estimated total spring biomass in 

In Lake Wingra during the spring, yellow bass did 1973, and 30% in 1974; in 1972, the estimated bio- 
not move into the shallows until the water had mass of yellow bass was about 35-40 kg/ha (31-36 
warmed up to nearly 15°C (59°F). In the fall, they oc- Ib/acre) (Churchill 1976). 
curred in the shallows in reduced numbers when the In Lakes Waubesa, Monona, and Kegonsa in the 

water temperature dropped below 10°C (50°F), but Madison area, most anglers do not actively fish for 
none remained in the shallows when it dropped to yellow bass, but it is becoming common in catches in 
4°C (39.2°F) (Helm 1964). Young-of-year were cap- these lakes, whereas white bass are rarely taken; it 
tured in Lake Wingra with seines in shallow water at has multiplied to the point where it now makes up 
night, but very few were ever captured in the same 90% or more of the total white bass—yellow bass catch 
areas during daylight. The lake bottom was the pre- (Wright 1968). Whether the decline in white bass 
ferred habitat during daylight hours when light in- numbers is due to habitat deterioration, the intro- 
tensities were high. Some individuals tended to move duction of the yellow bass, or a combination of these 

up into the middle depths, and even to the surface, and other factors cannot be stated. Wright has sug- 
when light intensities were low. gested that the Madison lakes may be changing in 

Kraus (1963) found that yellow bass were most ac- such a manner as to confer a selective advantage upon 
tive between 2000 and 0400 hr. Carlander and Cleary the yellow bass. From a number of stations in Lake 
(1949) reported that the two main periods of activity Winnebago during August 1960, I seined 707 yellow 
for yellow bass in water over 3 m were from 2000 to bass (mostly young-of-year) and only 76 white bass. 
0200 hr and from 0800 to 1600 hr. It is generally agreed The yellow bass is small, but quite gamy on light 
that the yellow bass is far less active in the daytime tackle. It will take almost any small lure or bait, in- 
than it is at night. cluding worms, minnows, cut-bait, flies, spinners, 

In the Wisconsin River at Spring Green (Sauk spoons, small plugs, and sometimes even flyrod 
County), 22 yellow bass were associated with these poppers. In Wisconsin, the angling regulations for 
species: quillback (1), river carpsucker (8), shorthead 1980 allow continuous fishing for yellow bass with 
redhorse (6), golden redhorse (13), speckled chub (5), no size or bag limit. 
bullhead minnow (330), bluntnose minnow (137), The flesh of the yellow bass is white, firm, flaky, 

emerald shiner (32), spotfin shiner (995), spottail and delicious. It is often compared to that of the yel- 
shiner (1), weed shiner (1), river shiner (23), big- low perch, and it is usually considered superior to 
mouth shiner (3), brassy minnow (48), Mississippi the flesh of the white bass.
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Sunfish Family— 
Centrarchidae 

Eleven species of centrarchids in four genera are known from Wiscon- 
sin. In the United States and Canada, 32 species in 9 genera are known. 

According to Miller (1959), the Centrarchidae probably arose from some 
specialized serranid progenitor which invaded fresh water during or be- 
fore the Eocene period. The hypothetical primitive centrarchid probably 
was a free-swimming inhabitant of lowland waters, with a shape and 
size comparable to that of Ambloplites. From the distribution of present 
species and of species and genera known only as fossils, it would ap- 
pear that the centrarchid center of origin was located in the Mississippi 
Valley (Branson and Moore 1962). By the beginning of the Pleistocene 
many of the extant genera, and some that disappeared before the close 
of that period, were in existence. 

The sunfishes are typically spiny-rayed fishes, with 6-13 spines in the 
anterior dorsal fin, and 3-9 spines in the anterior part of the anal fin. 
The spinous and soft-rayed dorsal fins are generally joined as one fin. 
The fish are for the most part deep bodied and strongly compressed lat- 
erally. Fine teeth appear in brushlike bands on both the upper and lower 
jaws, and the lower pharyngeal arches broaden into pads bearing conical 
or molarlike teeth (“throat-teeth”). The swim bladder is isolated from the 

esophagus (physoclistous condition). The pectoral fins are moderately 
high on the body, and the pelvic fins are located almost directly below 
them and slightly posteriorly. The caudal fin is notched or slightly forked. 

All sunfish species tend to be nest builders, although occasionally 
some species use the nests of other fishes that have already spawned. 

799



800 Sunfish Family—Centrarchidae 

The male generally builds the nest, cares for the eggs and young, and 
often is quite vicious in his protective role. 

Hybridization, especially within the genus Lepomis, is common in 
many of our waters, especially in the southern sector of Wisconsin. This 

occurs when spawning fish of several species are unduly crowded, or 
when there is a great scarcity of one species coupled with the abundance 
of another, or when the individuals of the sparse species seem to have 

difficulty in finding their proper mates (Hubbs 1955). Hybrids have also 
been produced by placing male individuals of one species into a pond 
with females of another (Childers 1967). There seems to be a general 

agreement among ichthyologists who study centrarchids that behavioral 
isolation is probably the most important type of isolating mechanism in 
this group (Gerald 1971). That is, behavioral patterns which are specific 
to only one species are used to keep the different sunfishes separated 
from one another, especially during the critical spawning period. This 
conclusion has come about largely through the process of elimination, 
however, and the actual cues used by sunfish are still largely unknown. 
Auditory communication is only one of several types of cues used by 
fish. 

The sunfishes are among the most colorful and attractive of our fishes 
and the bass species of the family are important game fish, avidly sought 
after by a large body of fishermen. The total production of the members 
of the sunfish family is astounding. In Wisconsin, they are among the 
most common of our fishes, and they furnish the bulk of the fish com- 

ing to creel. They are standby fishes for a shore lunch, or for that easy 
meal when the larger game fishes are not biting. Because of their popu- 
larity, the sunfishes have been widely stocked in Wisconsin. 

Unfortunately, because they are prolific and hardy, sunfishes also 
present a serious and difficult fish management problem. Many waters 
produce millions of stunted sunfish, to the dismay of fishermen and 
biologists. Consequently, size and bag limits have largely been removed 
in Wisconsin, and fishermen are encouraged to increase their harvest. 

“Panfish cannot be accumulated or stockpiled for future use. What man 
does not utilize, nature will eliminate” (Snow 1960:14).
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Smallmouth Bass posterior edge of eye but never beyond; lower jaw 
slightly longer than upper jaw; conical, pointed teeth 
in brushlike pads on upper and lower jaws; lower 

Micropterus dolomieui Lacepéde. Micropterus—small fin; pharyngeal arches narrow, with numerous fine teeth. 
dolomieui—after M. Dolomieu, a French miner- Gill rakers on first gill arch long, straight, pointed. 
alogist and friend of Lacepéde, for whom dolo- Dorsal fins 2, but joined and appear as 1; first dorsal 
mite was named. fin with 10 spines, second with 13-15 soft rays. Anal 

Other common names: northern smallmouth bass, fin with 3 spines, 10-11 soft rays; pelvic fin thoracic, 

smallmouth black bass, smallmouth, bronze- with 1 spine and 5 rays; pectoral fin short and 

back, Oswego bass, black bass, yellow bass, rounded, when laid forward across cheek not reach- 

brown bass, green bass, redeyed bass, redeye, ing eye; caudal fin moderately forked. Scales ctenoid, 

white or mountain trout. in lateral line 69-80; lateral line complete. Chromo- 
somes 2n = 46 (W. LeGrande, pers. comm.). 

Back and head brown, or yellow-brown, or olive 

to green; sides lighter; belly light yellow to white. Most 
scales on sides with bronze reflections. Vertical bars 

; faint, 9-16 (generally more numerous and prominent 
ns are ee . = in young), not fused into a lateral band. Usually 3 

" —_ dark streaks on each side of head, radiating back- 
; ward from snout and eye; dark opercle spot about 

size of pupil of eye. Eye usually red or orange. Fins 
lightly pigmented, caudal fin in adults with darker 

Immature 45 mm, Wisconsin R. (Juneau Co.), 26 June 1977 edge; in young, caudal fin strikingly marked with 
yellow at base, pronounced dark crescent band 
through middle, and a whitish edge. 

Breeding male darkens to blackish on back and 
sides; breeding female has intensified colors. 

. Hybrids: Smallmouth bass x spotted bass (Scott 

mS -P : and Crossman 1973). Artificial smallmouth bass x 
mee fae aa largemouth bass (Schwartz 1972, Sports Afield June 

. ee i alee 1977:147-148). 

DISTRIBUTION, STATUS, AND HABITAT 
Subadult 166 mm, L. Winnebago (Winnebago Co.?), 18-21 Aug. In Wisconsin, the smallmouth bass occurs in all 

1960 drainage basins. It seems probable that it was quite 
generally dispersed in early postglacial time, and was 

@4)8 at eh distributed over the state approximately as it is at 
_- Amat, 9) #, : : aN - ae present before any introductions were made (Greene 

: We Re by Vian Oy 1935). Over 5,650 km (3,500 mi) of smallmouth bass 

aig a gee: Mahi, 1 streams are listed for Wisconsin (Wis. Dep. Nat. Re- 
| ee Aa ee in sour. 1968b). 

re = ES ne Ps pe Originally the smallmouth bass ranged from north- 
an : ‘ “Se ‘i Se ~é << J ern Minnesota to Lake Nipissing (Ontario) and Que- 

‘ x ef oer “lo : bec, with a relict population from the Nipigon River 
rae aa tit = . (Ontario) south to the Tennessee River drainage of 

Adult (living) (Wisconsin DNR photo) Alabama and to eastern Oklahoma (Hubbs and Lag- 
ler 1964). A range map was prepared by Hubbs and 

DESCRIPTION Bailey (1938). The smallmouth bass has been exten- 

Body slender to robust, slightly compressed laterally, sively introduced in American waters, in the waters 
oval in cross section. Length 233-349 mm (9.1-13.7 of most European countries, and in the waters of 
in). TL = 1.23 SL. Depth into TL 3.7-4.8. Head Guam, Hawaii, Hong Kong, Japan, and Vietnam 
length into TL 3.2-3.9. Mouth moderately large, (Robbins and MacCrimmon 1974). 
slightly oblique. Upper jaw reaching from middle to The smallmouth bass is common in medium to
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large streams and in large, clearwater lakes through- in the mouths of tributaries of Lake Superior (McLain 
out Wisconsin. In Lake Winnebago, it is abundant et al. 1965). 
along the north and east shores (Priegel 1967a). In Smallmouth bass are less abundant in Wisconsin 
Waukesha County, it was reported from 10 of 40 lakes today than they were formerly. In the Fox River 
sampled (Poff and Threinen 1963). It is common in (Green Lake County), they were once so abundant 
upper Green Bay of Lake Michigan and in Chequa- that local farmers near Princeton netted them for hog 
megon Bay of Lake Superior. Fair numbers are pres- food (Fassbender et al. 1970). In Lake Wingra (Dane 
ent in moderate to swift currents along the rocky County), during the 1936 carp seining, smallmouth 
banks of the lower Wisconsin River, and numerous bass were present in fair abundance (Noland 1951); 

young-of-year have been captured from eddies along however, none were reported in the 1944 carp sein- 
Wisconsin River sand banks (Becker 1966). The ing, and the species is no longer listed from that lake 
streams draining into the Wisconsin River north of (Churchill 1976). The smallmouth bass was common 
hia east-west highland ridge traversing Grant and in the Rock River between Hustisford and Watertown 
Owa counties contain few or no smallmouth bass; (Dodge County) until about 1940, but it has become 
south of the ridge the streams, including those less rare in that River since then (H. Neuenschwander, 
than 3 m wide, contain substantial populations of pers. comm.). Smallmouth bass fishing at most 
smallmouth bass. The smallmouth bass is uncom- points along the Great Lakes shoreline is no longer 
mon on bai Mississippi River, where “much of the of the excellent quality described for earlier years 
‘avored habitat ... has been altered or destroyed (Borgeson and Tody 1967). 

since the inception of the 9-foot navigational channel. The distribution of smallmouth bass in Wisconsin 
The species now appears to be quite spotty” (R. Nord, is typical of the distribution of a glacial lake species. 
pers. comm.). This species is uncommon at barriers In the northern part of the state it is found in both
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lakes and streams, but southward it is more common curred at 19°C (66.2°F) (Marinac 1976); however, ac- 
in swift, clear streams and rivers than in lakes. It pre- tivity ceased when the water temperature fell to 16°C 
fers cool, flowing streams, and large, clear lakes over (60.8°F) in early June, and resumed when the tem- 

rocky and sandy bottoms. Lakes over 6.1 m (20 ft) perature rose to 18°C (64.4°F) in the third week of 
deep, with rooted aquatic vegetation and clean, June. 
gravel shores provide the optimum habitat. In Lake In the Red Cedar River (Dunn County), there was 
Michigan, the smallmouth bass is confined to shoal some evidence of upstream movement by small- 
waters of protected bays. It commonly avoids slug- mouth bass in the spawning period (Paragamian 
gish or muddy water. 1973). C. Brynildson (1957) stated that two factors ad- 

In Wisconsin, the smallmouth bass was encoun- versely affected the success of smallmouth spawning 

tered most frequently in clear to slightly turbid, shal- in streams: a sudden drop in the water temperature, 
low water, over substrates of sand (27% frequency), and the siltation of nests during floods. Mraz (1964d) 

gravel (23%), rubble (15%), boulders (14%), mud reported that when the water temperature dropped 
(11%), silt (7%), clay (3%), bedrock (1%), and detritus from 18.3°C (64.9°F) to 7.2°C (45°F), the males de- 

(1%). It was taken from lakes and streams with vari- serted the nests, but first apparently fanned silt over 
ous currents: riffles 42%, pools 46%, and sloughs the eggs. A few days later, after the water tempera- 
13%, and with varying widths: 1.0-3.0 m (2%), ture again rose to 18.3°C (64.9°F), the males reap- 
3.1-6.0 m (16%), 6.1-12.0 m (13%), 12.1-24.0 m peared and cleared the nests of silt, and fresh egg 
(29%), 24.1-50.0 m (23%), and more than 50 m (16%). deposits were found. None of these nestings were 

In lakes, the smallmouth bass seeks out rock ledges successful, however, as both old and new eggs were 
and rocky bottoms, but may also be found along lost to a fungus infection. 
weedy shorelines. It often occurs in streams contain- In lakes, smallmouth bass nests are more common 
ing trout, but typically inhabits the warmer water and are built earlier on the west and north shore- 
sections below trout water. Many streams hold trout lines, where the water temperatures are usually 
in the headwaters and grade into smallmouth bass higher and the shores are best protected from pre- 
near the mouth. vailing winds (Mraz 1964d). Nests are constructed on 

gravel, preferably beside a natural or an artificial ob- 

BIOLOGY struction such as a stone crib, log, oil drum, large 

Excellent summaries of the life history of the small- boulder, or stump. Concrete blocks placed in Lake 
mouth bass are provided by Coble (1975) and Hubbs Geneva (Walworth County) were accepted as nesting 
and Bailey (1938). locations, and frequently two nests were found on 

In reviewing water temperatures related to small- either side of one block. 
mouth bass spawning and nest building, Cleary In Lake Michigan, most smallmouth nests were ob- 
(1956) noted that temperature thresholds are vari- served at water depths of 0.4-1.5 m on gravel and 
able. Although commonly reported as spawning at rubble; fewer nests were built on sand and bedrock 
water temperatures of 16.7-17.8°C (62-64°F), small- with overlying gravel (Wiegert 1966). In Lake Geneva 
mouths have been found spawning at 11.7°C (53°F). (Mraz 1960, 1964d), most of the smallmouth nests 

In southern Wisconsin, the smallmouth bass spawns were located in 2.4-3.7 m of water, although some 
from the middle of May through June, when the were more than 6 m below the surface. 
water temperature ranges between 12.8 and 23.9°C Most nest building takes place in the early morn- 
(55 and 75°F). In Lake Geneva, Mraz (1960) noted ing. A male apparently builds several “practice 
nest construction at minimum water temperatures of nests” until he finally settles on one as suitable (Mraz 
15-16.1°C (59-61°F), but females did not appear. In 1964d, Cleary 1956). Nest construction requires from 
the Door County area of Lake Michigan (Wiegert 4 to 48 hr or more (Hubbs and Bailey 1938). After 
1966), some smallmouths spawned in sheltered shal- selecting a satisfactory nest site, the male begins con- 

low bays as early as 20 May when the water tempera- struction by assuming a nearly vertical position in the 
ture rose above 15.6°C (60°F); other smallmouths water, head up, and sweeping vigorously with his 
caught on exposed reefs and shorelines had not yet tail. Silt, sand, and small stones settle at the periph- 
spawned in late July. In the St. Croix River, spawning ery of the nest, which in diameter is about twice the 
occurred as early as 11 May and as late as 7 June length of the male. With his mouth he may remove 
(Kuehn et al. 1961). large objects, and he roots and overturns the bottom 

In Clear Lake (Oneida County), nesting activity material, especially in the center of the nest. Mraz 
was observed at 18°C (64.4°F), and spawning oc- (1964d) noted that he has never found a smallmouth
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nest that could be described as other than a perfect is repeated until the nest or school is cleaned up or the 
nest: a large, perfectly circular, clean gravel structure. group of predators decide to leave. 
When the nest has been constructed, the small- 

mouth bass male awaits a female. When a female ap- . me mae Searaiee ee hae ee War" 

pears, the male makes short rushes at her. The fe- 19686), ‘The e . a 4 ue te 4 fi . een wail 

male may be driven into the nest repeatedly, and may nerable to floods If the mest is destro ef, renestin 
remain in the nest a little longer each time (Breder are ae toyed, 8 

and Rosen 1966). As the female moves into the nest, Se Tee tor bens cena ed 

the male on the periphery turns on his side with the 1967). Kuehn et al i 1961) observed ane neat which 
fully distended dorsal spines pointing toward her. ” da? a, th taF level 

This may be a threat signal, and is similar to behavior a the & a ae —__" € wal at eve h bass femal 
exhibited by the threespine stickleback as the female es Wand wh ot inks Coen ak ann Oe 
enters a stickleback nest. ag @ oe i . 
When the female is ready to spawn, there is a 406, ie ain aa die ee af =e ee 

A respective! a . The eggs of smallmouth bass 
marked change ay rr appearance. The dark baile ne 2.2 (1.8-2.5) mm diam (Fish 1932, Latta 1963 tlings on her body become prominent as the back- ont xe sina 4 , ; 
ground color pales. Breder and Rosen, quoting Tek lea are deposited in the center of the 

. Reighard, described behavior in the nest (1966:408): ms ; 
J. Reipaes, Bestils aviciinitne tear ) Hatching time for this species ranges from 9.5 days 
. . . The two fish lie side by side on the bottom. The female at a water temperature of 12.8°C (55°F) to 2.25 days at 
is turned partly on her side so that her median plane forms 23.9°C (75°F) (Emig 1966b). According to Mraz (1964d), 
an angle of about 45° with the plane of the horizon. The if spawning occurs during a rapid water temperature 

male remains upright with his head just back of the pec- rise which levels off at about 23-25°C (73-77°F), the 
toral of the female or opposite it! The male is quiet during hatch in 48 h 1 Developi ’ I- 
the process while the female exhibits certain peculiar fin 88S May hatch mn T oF less. Veveloping sma 
movements. The eggs are emitted at periods when the fe- mouth bass embryos were subjected i. 2 a ier 
male is with the male in the nest. rise from 11.7 to 25°C (53 to 77°F) with zero mortality 

. . (Webster 1945). 
Reighard noted four such periods of 4-6 seconds Fish (1932) described and illustrated the 8.8-, 9.5-, 
each, which were separated by periods of about 30 10-, and 19-mm stages of the smallmouth bass. 

seconds. The female that he observed remained in Meyer (1970) illustrated the 10.2-mm (12-day), 15.6- 
the nest with the male for 2 hours and 20 minutes. mm (49-day), and 24.0-mm (66-day) stages. A series 

When she departed the male pursued her, but he re- of early developmental stages through 24 days is de- 
turned to care for the eggs, which had adhered to the picted by Hubbs and Bailey (1938). The approximate 

bottom stones of the nest. . length of smallmouths when all fin rays are formed 
A female smallmouth bass may spawn I More is 10.7-11.0 mm, and larvae about 24 mm long de- 

than one nest. Ordinarily, a male spawns with only velop distinctive, dark, vertical patches along the lat- 
one female at a time, but one male is known to have eral line. After the smallmouth fry have taken on a 
spawned with two females in the same nest at the dark pigmentation, they are readily visible. Small- 
same time; the females alternated egg-laying periods, mouth nests then look as if tar has been poured into 
and both females left the nest at about the same time them, hence the term “black fry.” The young bass re- 

after their eggs had been laid (Breder and Rosen main in this stage for 2-4 days, after which the dark 
1966). . pigmentation disappears, the yolk-sac is absorbed, 

__ The male smallmouth bass protects the nest against and the school is ready to move away from the nest 
intruders of his own and other species; however, Latta (Mraz 1964d). Young smallmouth bass may remain in 
(1963) reported that the common shiner had spawned the nest for 6-15 days, after which they rise in a 
in smallmouth nests in eastern Lake Michigan. Mraz school above the nest. The male herds them together 
(1964d) observed the total loss of many smallmouth as they weave about, in the fashion of cichlid fishes 
bass nests due to predation by minnows, bluegills, (Breder and Rosen 1966). 
pumpkinseeds, and green sunfish. Their method of The young are usually protected by the male from 

operation was simple (p. 8): 2 to 9 days, but at times he guards them for as long 
. . . One lead fish approaches the nest or school and the as 28 days, even after they have become widely dis- 
male leaves to chase the fish away. At once, the remainder persed in the shallow water near shore (Hubbs and 
dart in and feed, then dart away at the male’s return. This Bailey 1938). The smallmouth bass thus cares for its
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young for a longer time than other sunfishes do, with years (Nord 1967). Some Lake Geneva smallmouth 
the exception of the largemouth bass. bass mature at 3 years of age, or at about 279 mm (11 

Pflieger (1966) stated that there seemed to be a in) (Mraz 1960). In Lake Michigan, the fastest grow- 

marked reduction in the abundance of smallmouth ing male smallmouth bass reached sexual maturity at 
fry within the first few days after they left the nests, 3 years (259 mm), and the fastest growing female 
suggesting that mortality was high at that time. Wie- reached maturity at 4 years (325 mm); all males were 
gert (1966) observed predation on smallmouth bass mature at 5 years (avg TL 277 mm), and all females, 

fry by minnows and small perch in the Sawyer Har- at 7 years (avg TL 361 mm) (Latta 1963). 
bor area (Door County) during the 1964 season. In A 4.1-kg (9-Ib 1-0z) smallmouth bass was taken 21 

Missouri (Pflieger 1966), a marauding bluegill con- June 1950 from Indian Lake (Oneida County). 

sumed 39 smallmouth bass fry after the male small- Young smallmouth bass begin their carnivorous 
mouth bass was frightened away. On one occasion existence as they rise from the nest. Before the yolk- 
Pflieger saw smallmouth fry produced during the sac is fully absorbed, they feed actively on minute 
first nesting period feeding on fry from the second midge larvae, Daphnia, or other small crustacea 

nesting. (Moore 1922). Unlike adult bass, which do most of 
In southern Wisconsin (Grant, Richland and Lafay- their feeding during the early morning and early eve- 

ette counties), young-of-year smallmouth bass aver- ning, the young bass feed throughout the day, and 
aged 26 mm long in June, 55 mm in July, and 69 mm perhaps also at night (Hubbs and Bailey 1938). By the 
in August and September (S. Krause, pers. comm.). time the smallmouth bass are 38 mm (1.5 in) long, 

Annulus formation occurs in late June and early July, insects and small fishes make up the bulk of their 
and there is no difference in the growth rates of the food, and at about 76 mm (3 in) they begin to feed on 
sexes. Coble (1967a) determined that the total yearly small crayfishes. Fishes of suitable size and of almost 
growth of age-III to age-V smallmouth bass in South any species living in the same waters—including 
Bay, Lake Huron, was directly related to the mean perch, sunfishes, minnows, darters, sculpins, suck- 
surface water temperature for the period July through ers, catfishes, sticklebacks, and young bass—are ea- 
September. However, bass from Lake Opeongo, On- ten by smallmouth bass, and form a large part of the 
tario, and older bass from Lake Opeongo and South diet of all juvenile and adult smallmouths. Usually 
Bay showed no relationship between growth and dead food is rejected, but when the food supply is 
surface water temperatures. insufficient dead animals are eaten. The smallmouth 

The weights at the annuli of the Red Cedar River has needlelike teeth which grab and hold the prey so 
population shown in the table below were: 0.01, 0.09, that it may be swallowed whole. 
0.29, 0.52, 0.84, 1.02, 1.17, and 1.35 kg (Paragamian In the Red Cedar River (Dunn County), young-of- 
and Coble 1975). Smallmouth bass from Lake Ge- year smallmouths and one yearling had eaten pri- 
neva weighed 0.45 kg at 318 mm long; they weighed marily aquatic insects, including larval and adult Hy- 
0.91 kg at 406 mm, and 1.36 kg at 470 mm (Mraz 1960). dropsyche and larval mayflies (Paragamian 1973). In 
In eastern Lake Michigan, the Kg, of smallmouth bass smallmouth bass more than 162 mm long, crayfish, 
ranged from 2.53 to 3.35 for fish 165-470 mm long; fish, and aquatic insects had been eaten, in that or- 
the condition generally increased with the size of the der of importance; the fish food included the small- 
fish (Latta 1963). Smallmouth bass, 100-259 mm SL, mouth bass, white bass, bluegill, and logperch. In 

from Muskellunge Lake (Vilas County) had K,, val- smallmouth bass 135-329 mm long from the Plover 
ues of 2.04—2.56 (Bennett 1938). River (Portage County), fish was the most important 

The age at maturity for smallmouth bass is 3-4 food item (48% occurrence), followed by crayfish 

Age and Growth (TL in mm) of the Smallmouth Bass in Wisconsin 

Location 1 2 3 4 5 6 7 8 9 10 11 12 13 Source 

L. Michigan and Green Bay 

(Door Co.) 79 160 234 264 302 333 381 404 414 445 432 470 505 — Wiegert (1966) 
19 lakes & 1 stream, 

Northern Wisconsin 61 135 208 269 318 358 388 424 447 465 480 Bennett (1938) 
Clear L. (Oneida Co.) 92 142 185 240 297 354 394 427 453 473 487 Marinac (1976) 
Red Cedar R. (Dunn Co.) 100 190 274 329 383 407 424 444 Paragamian and Coble (1975) 

Plover R. (Portage Co.) 91 158 220 297 366 410 440 455 476 Paragamian (1973) 
L. Geneva (Walworth Co.) 71173 277 «386 «409 «452478 Mraz (1960)
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(24%), and aquatic insects (4%); the fish eaten in- Lake Geneva Nelson and Hasler (1942) captured 
cluded the common shiner, shorthead redhorse, fan- most smallmouths at 6-9 m, although they ranged 
tail darter, smallmouth bass, black bullhead, and sto- freely between 3 and 12 m. 

necat. In the laboratory (Paragamian 1976b), the During the day adult smallmouths retire to pools, 
common shiner was most vulnerable to predation by undercut banks, or lairs in fairly deep water. Hubbs 
the smallmouth bass, and the hornyhead chub ranked and Bailey have described their activity between 
second; the white sucker was the least vulnerable. In dusk and dawn (1938:33): 

angler-caught smallmouths 147-350 mum lori: from . .. At dusk they move about more freely, and in lakes are 
Clear Lake (Oneida County), crayfish made up 65% then frequently seen splashing at the surface far from 
of the volume of the stomachs, fishes (cyprinids and shore. They may remain active on moonlight nights, but 
percids) 22%, and insects 13% (Marinac 1976). In ordinarily lie on the bottom in their open-eyed sleep until 

Lake Mendota (Dane County), smallmouth bass av- awakened by the first rays of dawn, hardly perceptible to 
eraging 356 mm consumed adult insects (82.5% vol- man. Hunger then seems to impel them to search vigor- 
ume), plant matter (5%), bottom ooze (9.5%), amphi- ously for food, which they often find on the very shallow 
pods (2.5%), and insect larvae (0.5%) (Pearse 1921a). marginal waters into which the forage fish have gone to 
In Green Lake (Green Lake County) 114-mm small- catch a little rest. They may move so far inshore that their 
mouths consumed cladocerans (37.6% volume), in- backs are exposed, and splash noisily as they lunge about 

sect larvae (31.9%), fish (13.6%), insect pupae (7.8%), after fishy morsels. 

insect adults (5%), amphipods (4.1%), plants (0.2%), In winter, smallmouth bass go to deep waters and 

and sand (0.2%). lie about rocks, ledges, or roots in a semidormant 
Cahn (1927) reported catching a smallmouth bass manner; they evidently do not take food at this time. 

which had consumed eight honey bees; this fish had There appears to be a niche separation between the 

undoubtedly been feeding at the surface. Lachner smallmouth bass and the largemouth bass in waters 
(1950) reported a 68-mm smallmouth bass which had where these two species occur together. During their 
eaten a 46-mm darter. first year of life, smallmouths definitely seem to 

W. E. Williams (1959) reported that the smallmouth avoid the thick weedbeds of shallow water in which 
bass demonstrated a conversion factor of 4.50; i.e., it largemouths commonly congregate (Hubbs and Bai- 
converted to flesh 1 part of 4.50 parts of food con- ley 1938). Smallmouth young seek shelter in the lee 
sumed. of a stone or a brick, or in the cavity under a flat ob- 

In northern Wisconsin lakes during the summer ject. In lakes, smallmouths prefer to rest in the prox- 
(Hile and Juday 1941) the smallmouth bass inhabited imity of a rock ledge, a submerged log, or a boulder. 

waters at temperatures of 20.3-21.3°C (68.5-70.3°F). In flowing water, smallmouths commonly lie in the 

According to Emig (1966b), it prefers water temper- protective backwater of a large boulder, a stump, or 

atures of 21.1-26.7°C (70-—80°F), and becomes lethar- a rock ledge, where a minimum of physical exertion 

gic at 10°C (50°F). A water temperature of about 10°C is required to retain their positions. Adult small- 
(50°F) marks the beginning and ending of the period mouths are rarely taken near beds of submerged or 
of nonactivity and of reduced or suspended growth floating plants, which are the favored retreats of 
(Hubbs and Bailey 1938). In the laboratory (Larimore largemouth bass. 

and Duever 1968), smallmouth fry acclimated to 30 In laboratory experiments designed to clarify as- 
and 35°C (86 and 95°F) failed to swim in waters which pects of the niche separation between the large- 

were warmer than their acclimation temperatures. mouth and the smallmouth bass, both species exhib- 

Emig (1966b) noted that, at 21.1°C (70°F), concentra- ited crepuscular activity, but the largemouth also 
tions of dissolved oxygen of 0.96 ppm in Deer River showed a midday activity peak. The smallmouth 
and 0.87 ppm in Beebe Lake (both in New York) were bass avoided bright light, and its peak activity pe- 

lethal to smallmouth bass. riods occurred at the beginning and at the end of the 
Smallmouth bass occur most consistently in shal- dark periods. The activity of the largemouth bass was 

low water, and appear to be almost exclusively in- much more depressed during dark periods, and rose 

habitants of the epilimnion. In Nebish Lake (Vilas sharply at the onset of light periods. 

County), they were captured in water shallower than The smallmouth bass apparently has much less in- 
7 m, and in Muskellunge Lake they were captured in clination to school than the largemouth bass (Mraz 
the epilimnion at about 3 m (Hile and Juday 1941). In 1964d). Schooling is common among smallmouth fry 

Green Lake (Green Lake County), Pearse (1921a) net- in the nest, but they soon disperse. 

ted smallmouth bass at depths above 20 m, and in Emery (1973) noted two kinds of daytime activity
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among smallmouth bass. In one of these, loosely ag- “is almost impossible to tell the angler what kind of 
gregated pods of smallmouths moved slowly over an bait to use” when fishing for the smallmouth. 
area, describing a path which led them back to a po- Jordan and Evermann (1923) quoted a Dr. J. A. 
sition of rest; often this was done in association with Henshall, who wrote of the smallmouth bass (p. 356): 

rock bass schools. In the other activity, smallmouths ; oo 
traveled from one area or range to another, moving . .. He is plucky, game, brave and unyielding to the last 

in shallow water for as much as several kilometers when hooked: He has*the attowy tush’ of the’ trout ‘and 

2 dy. en a ee 
Larimore (1952) found that smallmouth bass which and pound for pound, the gamest fish that swing! 

had been transferred overland and released in other 
parts of a stream were capable of returning to their The smallmouth bass is distinctly a sport fish, and 
home pools from either upstream or downstream. commercial harvesting is not permitted in Wisconsin. 
Latta (1963) concluded from a 3-year study that this Fishing regulations for this species are liberal; since 
species was essentially nonmigratory; although 1 out 1955 they have included an early opening for both 
of 3,141 tagged smallmouths had traveled 149 km (92 the smallmouth and largemouth bass seasons in the 
mi), only 11 individuals moved more than 32 km (20 12 southern counties, and no size limit. The open 

mi). Smallmouth bass which were tagged and recap- season allows a daily bag limit of 5 to 10 small- 
tured in Green Bay and in the Lake Michigan side of mouths, and a size limit is imposed only in some 
the Door County peninsula tended to remain in a northwestern counties where the minimum length 
given area (Wiegert 1966); only a few larger fish must be 10 in. Liberal regulations in southern Wis- 
moved any great distances—a 33-cm fish tagged in consin have been justified on the grounds that natu- 
Little Sturgeon Bay was recovered in the Ahnapee ral mortality and predation eliminate many small- 
River (Kewaunee County) after traveling approxi- mouth bass before they reach 10 in (254 mm); thus 
mately 73 km (45 mi). In Missouri streams, 63% of the removal of the minimum size limit provides more 
the smallmouth bass had moved less than 1.6 km (1 fishing without depleting future stocks (C. Brynild- 
mi) from their place of release, and over 97% were son 1957). For details pertaining to specific waters, 
taken within 40 km (Funk 1957). current state fishing regulations should be consulted. 

In the Black River (Clark County), 10 smallmouth The best-known smallmouth bass fishing waters 
bass were associated with the following species: are those of Green Bay and Lake Michigan, which 
blackside darter (18), northern hog sucker (17), short- surround the tip of Door County. In one study, about 

head redhorse (10), rock bass (4), slenderhead darter 81% of the smallmouth bass caught there were taken 
(1), rainbow darter (17), banded darter (18), golden after 1 July, and only 19% were taken during June 
redhorse (7), hornyhead chub (8), blacknose shiner (Wiegert 1966). In Lake Michigan south of Door 
(74), common shiner (33), largescale stoneroller (10), County, the numbers of smallmouth bass taken drop 

brook silverside (1), white sucker (1), johnny darter off quickly. Only seven were reported caught from 
(6), and stonecat (1) (R. Urban, pers. comm.). the Point Beach Nuclear Plant fishing pier (Manito- 

woc County) during 1972 and 1973 (Spigarelli and 

IMPORTANCE AND MANAGEMENT Thommes 1976). 
Young smallmouth bass are preyed upon by older According to Nord (1967), there are few bona fide 
generations of bass, sunfish, perch, and large fish smallmouth bass fishermen on the Mississippi River, 
predators, as well as by crayfish, birds, frogs, and and most smallmouths are taken incidentally with 
snakes. other species. In 1957, the smallmouth bass ranked 

The smallmouth bass is a known host to the glo- sixteenth in the Mississippi River sport fishery, and 
chidial or larval stage of the mucket clam (Lampsilis the majority of the fish were taken above Pool 8; in 
siliquoidea) (Hart and Fuller 1974). 1962-1963, it ranked fifteenth. The projected sport 

Wisconsin anglers use a wide variety of tackle fishery catch of smallmouth bass in Pools 4, 5, 7, and 
when fishing for smallmouth bass; sophisticated 11 in 1967-1968 was 5,351 fish weighing 2,233 kg 

spinning and flyrods are used alongside the old-time (4,918 Ib) (Wright 1970). 
cane pole. All of these, fished with minnows, angle- The flesh of the smallmouth is white, firm, and 
worms, hellgramites, crayfish, and adult mayflies, flaky, with a fine savor and a juicy, succulent quality. 
attract the smallmouth. Dry flies, wet flies, and cast- It is considered by gourmets to be superior to any 
ing and spinning baits complete the smallmouth ar- fish except the lake whitefish of the Great Lakes. Its 
senal. Harlan and Speaker (1956) concluded that it flesh is nutritious, and it has a low fat content which
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permits the successful angler to freeze his catch for such species as largemouth bass, green sunfish, blue- 
later enjoyment (Schneberger 1972d). gills, and bullheads, their growth and survival rates 

Before the establishment of its walleye population, are reduced. Larimore (1954) noted that when small- 
Escanaba Lake (Vilas County) was highly regarded mouth bass were introduced into a stream already 
for its smallmouth bass fishing (Kempinger et al. containing native smallmouth bass, there was a de- 
1975). In the early years, smallmouth bass accounted cline in the number of native smallmouths in several 

for 1-11% of the annual total weight harvested by pools which contained a concentration of stocked 
anglers, but in recent years it has amounted to less fish. This decline may have been caused by the 
than 1%. From 1946 to 1969, 4,397 smallmouth bass movement of native smallmouths to other parts of 
were caught from Escanaba Lake, weighing a total of the stream, or by a lack of native fish to replace those 
993 kg (2,189 Ib). In the Red Cedar River (Dunn removed by anglers. 

County) the estimated harvest of smallmouth bass In Canada, the introduction of ciscoes in Lake 
during 1973 was 5.1 kg/ha (Paragamian 1973). In Opeongo as food for lake trout proved to be detri- 
Clear Lake (Oneida County), during 1974 and 1975, mental to the smallmouth bass, and resulted in a 
the smallmouth harvest ranged from 2.1 to 3.8 bass/ drastic decline in the smallmouth bass resource 
ha (Marinac 1976). (Emery 1975). 

In Livingston Branch (lowa County), the standing A smallmouth bass, unlike a salmonid fish, cannot 

stock of smallmouth bass was 51.6-82.9 kg/ha be safely stripped of its eggs; however, it will per- 
(C. Brynildson and Truog 1965). In the Red Cedar form normal spawning activities in artificial ponds if 
River (Dunn County) Paragamian (1973) estimated satisfactory conditions are provided (Hubbs and Bai- 

132 smallmouth bass/ha and a standing crop of 15.1 ley 1938). To create such conditions, a large pond 
kg/ha; in the Plover River (Portage County), he esti- may be stocked with forage minnows, crayfishes, 
mated 118 smallmouth bass/ha and 17.5 kg/ha. In and microcrustaceans; and aquatic vegetation al- 
Clear Lake (Oneida County), Marinac (1976) esti- lowed to grow up; gravel spawning beds should be 
mated 8.7 bass/ha and 1.1 kg/ha. prepared. Bass introduced in such ponds spawn and 

Smallmouth bass management is beset with many remain throughout the season in the ponds with the 
unanswered questions. In northern Illinois, when young fish. No subsequent food or care is needed, 
stocked in 12 ponds representing most kinds of except for the fertilization of the water to increase the 
warmwater pond habitats, the smallmouth bass re- growth of natural foods. The costs of labor are slight, 
produced successfully in 6 ponds and failed to repro- and little or no expense is involved in feeding the 
duce in the other 6. This failure may have resulted fish, but production is inefficient for the area utilized 
from an absence of sexually mature fish, or from the because of losses through cannibalism, insufficient 
inability of the smallmouths to compete successfully food, and predation. Pond management techniques, 
with largemouth bass and green sunfish (Bennett and techniques for trapping and transporting small- 
and Childers 1957). These researchers concluded that mouth bass are given by Mraz (1964d). The details of 
smallmouth bass are most successful in ponds by feeding and caring for the young are discussed by 
themselves, and that if they have to compete with Hubbs and Bailey (1938), and by Langlois (1936).
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Largemouth Bass eral line 60—68; lateral line complete. Chromosomes 
2n = 46 (W. LeGrande, pers. comm.). 

Back and head dark green to light green; sides 
Micropterus salmoides (Lacepéde). Micropterus—small lighter; belly and ventral region of head whitish. A 

fin; salmoides—troutlike, in gameness and in prominent lateral stripe from snout through eye to 
quality as food, and often called “trout” in the base of tail, interrupted anteriorly as a series of 
South, where the original was captured. blotches of varying diameters, and becoming a solid, 

Other common names: northern largemouth bass, even stripe on caudal peduncle (in young-of-year, 
largemouth, bigmouth bass, black bass, large- stripe appearing as a series of vertical blotches). 
mouth black bass, green bass, line side, green Streaks on each side of head, radiating backward 
trout, Oswego bass, bayou bass, slough bass, from snout or eye either faint or absent; dark opercle 
lake bass. spot about size of pupil of eye. Eye golden brown. 

Vertical fins lightly pigmented, paired fins generally 
clear; caudal fin alike in young and adult, without 
the bright colors of the smallmouth young. Adults 
from mud-bottom lakes are dark olive brown to 

_ & me black, with markings hardly discernible. 

a on A In breeding male, colors darken. 

a : mia : Sexual dimorphism: Males over 350 mm with cir- 
a ae cular, scaleless area around urogenital opening; fe- 

males with pear-shaped, scaleless area (W. D. Parker 
1971). 

Immature 52 mm, outlet of Williams L. (Marquette Co.), 29 July Hybrids: Artificial largemouth bass x smallmouth 

1960 bass (see p. 816), largemouth bass x rock bass, 
largemouth bass x bluegill, largemouth bass x war- 
mouth, largemouth bass x black crappie (West and 
Hester 1966, Schwartz 1972, Sports Afield June 

Pe 1977:147-148). 

~~ ii cilia eon Nes Be DISTRIBUTION, STATUS, AND HABITAT 
A A ue In Wisconsin, the largemouth bass occurs in all three 

— su Sea st drainage basins; it is least widespread in the driftless 

Say Pa area of southwestern Wisconsin. Wisconsin is near 
the northern limit of distribution, and it has been 

Subadult 184 mm, L. Poygan (Winnebago Co.), 23 July 1960 suggested that its presence in the state, especially in 

the northern counties, resulted from introductions. 
DESCRIPTION In the neighboring Upper Peninsula of Michigan, its 
Body slender to robust, slightly compressed laterally, absence in early reports and records prompted Taylor 
oval in cross section. Length 229-305 mm (9-12 in). (1954) to suggest that the largemouth bass may not 

TL = 1.24 SL. Depth into TL 3.5-4.2. Head length have been native to the Upper Peninsula, although it 
into TL 3.2-3.5. Mouth large, slightly oblique. Upper is widely distributed there today. Unfortunately, 
jaw reaching at least to posterior edge of eye in early records of its status in northern Wisconsin are 
adults, and from middle to posterior edge in young- not available. In northwestern Wisconsin it was pres- 
of-year; lower jaw heavy, blunt, decidedly longer ent in at least 61 of 65 lakes sampled from 1975 to 
than upper jaw; conical, pointed teeth in brushlike 1977 (H. Snow, pers. comm.). In Waukesha County, 
pads on upper and lower jaws; lower pharyngeal it was found in 29 of 40 lakes sampled (Poff and 
arches narrow, with numerous fine teeth. Gill rakers Threinen 1963). 

on first gill arch stout, long, straight, and pointed. The largemouth bass originally ranged east of the 
Dorsal fins 2, scarcely joined; first dorsal fin with 10 Rocky Mountains from southern Quebec and Ontario 
spines and second with 12-14 soft rays. Anal fin with through the Great Lakes and the Mississippi Valley 

3 spines, 11 (10-12) soft rays; pelvic fin thoracic, with to the Gulf of Mexico, and from northeastern Mexico 
1 spine and 5 rays; pectoral fin short and rounded, to Florida and the Carolinas (Hubbs and Lagler 1964). 
when laid forward across cheek not reaching eye; Details of its original range and of its present range 
caudal fin moderately forked. Scales ctenoid, in lat- (a result of extensive introductions) are given by Rob-
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Micropterus salmoides ia = O Greene (1935) 

bins and MacCrimmon (1974). Its present world dis- occurred in rivers of the following widths: 1.0-3.0 m 
tribution includes North America, Central America, (19%), 3.1-6.0 m (13%), 6.1-12.0 m (17%), 12.1-24.0 
South America, Africa, Europe, Guam, Hawaii, Ja- m (28%), 24.1-50.0 m (19%), and more than 50 m 
pan, Lebanon, New Zealand, and the Philippines. (4%). The largemouth bass occurs mostly in shallow 

The largemouth bass is abundant in medium to areas with sparse to dense vegetation—the same type 
large rivers, and occasional in the lower extremities of habitat that produces bluegills. 
of small streams opening into them. It is common in 
lakes, ponds, sloughs, and backwaters, and in some BIOLOGY 
landlocked pools of the Wisconsin and Mississippi An excellent single reference for basses is Stroud and 
rivers. Priegel (1967a) considered it common in the Clepper (1975). The following account is largely de- 
weedy bays along the western shore of Lake Winne- rived from Mraz et al. (1961) and Mraz (1964d). 
bago. It occurs in a number of Milwaukee County la- The spawning of the largemouth bass in Wisconsin 
goons. It is rare at the barriers of the tributaries to occurs from late April to early July. Nests were ob- 
Lake Superior (McLain et al. 1965). Impoundments served in Browns Lake (Racine County) as early as 3 
in streams without native largemouth bass popula- May and as late as 25 May. The average spawning 
tions are soon stocked with this species; hence it is date was 9 May at the former Burlington Hatchery 
quickly expanding its range into new areas. (Racine County), and 15 May at the Delafield Re- 

In Wisconsin, the largemouth bass was encoun- search Station (Waukesha County). Largemouth bass 
tered most frequently in clear to slightly turbid water spawn about 2 weeks later in the northern part of the 
at depths up to 1.5 m, over substrates of sand (31% state than in the south. In Vilas County lakes, large- 
frequency), gravel (20%), mud (20%), silt (9%), rubble mouth bass had finished spawning by the third week 
(7%), boulders (6%), clay (4%), and detritus (3%). It of June, according to Parker and Hasler (1959).
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The selection of nest sites begins when water tem- According to Reighard (1906), the spawning of the 
peratures reach 15.6°C (60°F), and eggs are laid when largemouth bass takes place at dusk (p. 15): 

the water temperatures are at 16.7-18.3°C (62-65°F). . . . The male was in the nest or near it and repeatedly the 
It is generally assumed that the largemouth bass does female approached. The male circled to her outer side and 
not spawn at temperatures much below 17.8°C (64°F) bit her flank and she then went away. Three or four other 
(Breder and Rosen 1966). The species is self-sustain- bass, probably males, were seen ten or 15 feet outside the 
ing in Puerto Rican reservoirs where water tempera- nest. I returned at 7 P.M. and found the same conditions. 
tures average 25.5°C (78°F) throughout the year (Rob- The female was seen to approach the nest and to turn on 

bins and MacCrimmon 1974). In Minnesota near the her side with her head pointed obliquely downward and 
Twin Cities, the first spawning of largemouth bass to float thus, as though half dead. In this position she en- 

occurred 2-5 days after the daily mean water temper- tered the nest and the male followed and took up a similar 
5 3 = position. What happened in the nest could not be clearly 

ature had reached and remained above 15.6°C (60 F). seen. The tails of the two fish lay side by side on the bot- 

Such temperatures occur first in shallow bays, which tom with their tails together and parallel. It could also be 
are generally warmer than the main body of water. seen that sometimes one and sometimes apparently the 

In water containing both largemouth and small- other fish lay turned partly on its side. At this time no doubt 
mouth basses, the largemouth spawns a little sooner the eggs were emitted. After being in the nest for a short 

than the smallmouth. The shallower, protected time the fish came out, and the female was seen to be still 
spawning sites among emergent vegetation in quiet floating, head downward. They then returned to the nest 
bays, which are preferred by the largemouth, warm and continued thus for half an hour, alternately lying on 
to the optimum temperatures sooner than do the the bottom within the nest and floating on its border. It 
deeper, rockier sites used by the smallmouth (Scott was then too dark to make further observations. 

and Crossman 1973). In a Delafield (Waukesha County) The male largemouth bass receives more than one 
pond with carp present, three largemouth bass nests female in his nest. The eggs may be deposited in the 
originally constructed along a gravel shore were de- center of the nest, along the rim, or even outside of 
serted before the eggs were laid, and the bass re- the nest. According to Mraz et al. (1961), adult fe- 

nested within a very heavy bed of coontails and males carry 2,000-20,000 eggs in their ovaries; the 

water buttercups (Mraz and Cooper 1957b); inside number of eggs per female is largely a function of 
the dense vegetation, the nests were constructed on size. Not all the eggs will be emitted at once, and one 
a bottom of mud and plant fibers. Successful hatches female may lay eggs in several nests. Each nest usu- 
of bass fry were produced from these nests. ally contains about 5,000 eggs. The eggs are demersal 

The male largemouth bass usually selects a sand and adhesive, and amber to pale yellow in color; 
or gravel bottom upon which to build a nest; how- when fertilized they are 1.5-1.7 mm diam (Scott and 
ever, largemouths will also nest on soft bottoms, Crossman 1973, Merriner 1971a). 

where they are able to expose such hard objects as Hatching time in stable, warmwater temperatures 
roots, twigs, and snail shells on which to deposit the is from 3 to 7 days. At the Burlington Hatchery, the 
eggs (Hubbs and Bailey 1938). The largemouth bass average hatching time was 7 days, according to 20 
nest is placed in about 0.2-1.8 m of water; the average years of records. A sudden drop in water temper- 
depth is about 0.6 m (Breder and Rosen 1966). The ature delays hatching time and may even kill eggs, 
male largemouth constructs a nest by using his fins but eggs carried in the nest for as long as 2 weeks 
to sweep out a huge basin, which may be 1 m diam have hatched successfully. It is generally believed 
and 0.3 m into the bottom. Mraz noted that deep that the welfare of the eggs is dependent upon the 
depressions may be dug to get down to sand, or nest cleaning and water circulation provided by the 
gravel, or even to a firm layer of sticks. Largemouth male when he fans the nest. The eggs in many well- 
bass usually nest about 9 m apart from each other, guarded nests have developed fungus infections and 
and never nest in colonies as do most sunfishes. have been lost, however. Bass eggs left unattended 

Territorial defense against intruders is practiced by have sometimes been hatched in porcelain trays. 
the largemouth bass as it is by other sunfishes. Eddy Kelly (1968) showed that temperature is not the main 
and Surber (1947) found that the guarding large- cause of largemouth bass egg mortality in the 
mouth male strikes almost anything within at least a 12.8-23.9°C (55-75°F) range. 
7-m radius of the nest; he does not feed on food ob- On hatching, young largemouth bass are transpar- 
jects, but chews on them and then ejects them some ent and 3 mm long. Counts made in Punch Lake (Vi- 
distance away. las County) showed as many as 6,000 largemouth
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bass fry were produced in one nest, with an average sippi River (Grant County) on 24 September, they av- 
of 3,000 fry per nest and a total production, in a good eraged 67 (55-86) mm TL. In Pewaukee Lake (Wau- 
year, of about 37,500/ha (15,000/acre). After hatch- kesha County), young largemouths averaged 40 mm 

ing, the fry remain in the bottom of the nest until the in early August, and 68 mm on 10 September. 
yolk is absorbed, usually a period of 6 or 7 days. They The growth of largemouth bass in Wisconsin is 

then rise from the nest, and begin feeding and more moderate than the growth of this species in 

schooling (Scott and Crossman 1973, Kramer and some southern states. Stroud (1949) noted that it 

Smith 1960a). At this time, the fry are 5.9-6.3 mm reaches 190-, 343-, and 371-mm (7.5-, 13.5-, and 14.6- 
long. They may remain in a brood as long as 31 days, in) TL in Douglas Lake, Tennessee, during the first 3 
and are guarded over part or all of this time by the years of life. Northern largemouth bass are longer 
male. At this stage young largemouths are a pale lived than southern fish, which seldom live beyond 

green, rather than black like the smallmouth bass. 5 years. 
Meyer (1970) illustrated the largemouth fry at the Largemouth bass register great increases in length’ 

5.4mm, 10.2-mm (19-day), and 15.5-mm (31-day) during the first 2 years of life; thereafter, weight 
stages. Fish (1932) illustrated and described the 75- gains are greater. 
mm stage. Padfield (1951) determined that females tended to 
Largemouth bass begin life as a swarm of finger- be longer and heavier than males for each age group 

lings. The swarm is generally composed of young studied, but the differences between the sexes were 
from a single nest, although the joining of 2-5 slight. Differential mortality occurs, however; fe- 
schools is common; in such cases, the respective males reach a maximum of 9 years of age, and males 
males accompany the group. As feeding begins and reach a maximum of only 6 years. Females appear to 
the fish start to grow, the swarm spreads out until it be better fitted for survival under adverse conditions 

covers several square meters. During this period, the than males. 
male remains with the group and valiantly defends The growth of largemouths ceases at temperatures 
his brood of young against all comers. Nevertheless below 10°C (50°F). Stunted populations occur mostly 
some young are lost to predation, and others may in small, infertile lakes, many of which are found in 
starve to death if plankton supplies are insufficient northern Wisconsin; a lake with a stunted population 
when feeding begins after yolk-sac absorption. Some may contain no fish over 254 mm (10 in) long (Mraz 
predation is in the form of cannibalism by larger et al. 1961). 

young on newly hatched broods. The bass which Young largemouth bass up to 76 mm (3 in) long are 
feed on fish grow more rapidly than the others dur- abundant in many waters, and frequently make up a 
ing the first year, and retain that advantage in later large percentage of the fish taken in research nets; 

years. however, only a small number of the young reach 
In early July, young-of-year largemouth bass in maturity. Mature fish are generally 3—4 years old and 

northern Wisconsin lakes averaged 32 mm TL; in 254-305 mm (10-12 in) long; they continue to repro- 

Lake Poygan (Waushara County) during mid-July, duce year after year. There seems to be no mortality 
they averaged 42 (28-51) mm TL; and in the Missis- associated with the stresses of reproduction. The old- 

Age and Growth (TL in mm) of the Largemouth Bass in Wisconsin 

Location 1 2 3 4 5 6 7 8 9 10 110 «12)—~CO8 Source 
Northern Wisconsin 

lakes 71 165 © -246««297 335383. 386 424. 450470 490 486 = 490 Bennett (1937) 
Birch L.* (Washburn Co.) 81 193 257 325 363 391 432 Snow (1969) 

Clear L.* (Sawyer Co.) 56 165 224 262 333 «4386 «419 Snow (1969) 
Flora L. (Vilas Co.) 107 173-231 284.315 345 381 404. 437470 Parker (1956) 
Punch L. (Vilas Co.) 56 137 193 236 254 Mraz et al. 

(1961) 
Mississippi R. (Buffalo Co.) 102 244 325 Christenson and 

Smith (1965) 
Cox Hollow L.* (lowa Co.) 155 «183,211,318 381 465513 Dunst (1969) 
L. Wingra (Dane Co.) 96 166 208 251 293 Churchill (1976) 
L. Mendota (Dane Co.) 114 246 «320366. 396. 437 460 478 «= 480 503518 Bennett (1937) 
Browns L. (Racine Co.) 91 170 229 272 «305 «345411 452, 467478 498521511 Mraz and 

Threinen 

(1957) 
*Lengths at capture.
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est largemouth bass reported was age XVI, and was Aquarium tests have shown that bass will readily 
541 mm (21.3 in) TL (Carlander 1977). swallow forage fishes whose maximum depth of body 

Most largemouth bass do not exceed 0.9-1.4 kg is equal to the mouth width of the bass (MacKay 1963). 
(2-3 Ib) in weight, but occasionally a 2.7-kg (6-lb) fish Largemouths are sight feeders that hunt for food; a 
is taken. The heaviest largemouth bass known from small school of 5-10 largemouth bass roaming the 
Wisconsin was 5.07 kg (11 lb 3 oz) taken on 12 Octo- shallows is a common sight. Apparently they feed at 
ber 1940 from Lake Ripley (Jefferson County). A rec- all hours, but feeding is most often observed in early 
ord 819-mm, 10.09-kg (32%-in, 22-Ib 4-0z) fish was morning or late in the day. The actual prey-capture 
caught in Montgomery Lake, Georgia, in 1932. The behavior was discussed by Nyberg (1971), who indi- 
giants of this species occur in Florida and Georgia. cated that the attack velocity was greater for moving 

The foods of fingerling largemouth bass are prin- prey, such as minnows, than for crayfish and worms. 
cipally microcrustaceans—copepods, cladocerans, In some cases, the prey was not completely swal- 
and ostracods. As largemouths reach a size of 51-76 lowed up initially; it was caught and held in the jaws 
mm, insects, insect larvae, and fish begin to appear until the forward motion of the bass stopped—then 
in their diets. Larger largemouth bass eat fish, cray- it was sucked in. McKnight (1968) demonstrated that 
fish, frogs, and larger insects (Mraz et al. 1961, Keast largemouth fingerlings that were fed minnows grew 
1965). better and weighed more than bass which were fed 

In Lake Mendota (Dane County), seven large- a commercially prepared, pellet-type feed. He sug- 
mouths averaging 135 mm (5.3 in) TL contained the gested that the bass prefer live, swimming foods. 
following amounts of food: fish 45%, algae 14.2%, Barkalow (1950) reported that a largemouth bass 
amphipods 13.4%, crayfish 12.1%, insect adults which swam slowly beneath and behind a feeding 
10.7%, and plants 3.6% (Pearse 1921a). In Murphy duck in the shallows may have been feeding as well. 
Flowage (Rusk County), crayfish comprised 54.6%, He postulated that largemouth bass follow other ani- 
fish 38.8%, and insects 1.5% of the total weight of all mals and feed on the prey that are flushed from hid- 
items consumed (Snow 1971). The fish eaten, in de- ing by these animals. 
creasing order of importance, were bluegills, tadpole The largemouth bass is truly a warmwater fish that 
madtoms, brown bullheads, yellow perch, black prefers shallow water; it is seldom found in water 

crappies, minnows, and largemouth bass. Dragonfly more than 6 m deep. It prefers temperatures of 27.2- 
nymphs were the predominant insects consumed; 30°C (81-86°F) and its upper lethal limit is 35.6°C (96°F) 
other items eaten were frogs, inorganic materials (Clark 1969). Immature largemouth bass, however, 
(stones up to 19.5 g), plant materials, mammals, tad- have been collected from water with temperatures as 
poles, annelids, and pelecypods. Shorttail shrews high as 37°C (98.6°F) (Siler and Clugston 1975), and 
were found in two largemouth stomachs. largemouths were known to survive a 38°C (100.4°F) 

Snow (1971) noted that, after a drawdown of water water temperature in a shallow Michigan pond (Bai- 
in a northern Wisconsin flowage, which was accom- ley 1955). 

panied by a known decline in the abundance of In Lake Monona (Dane County), largemouth bass 
aquatic vegetation and an apparent decline in the tended to concentrate in the heated outfall of a power 
abundance of crayfish, largemouth bass increased plant (Neill and Magnuson 1974). They preferred 
their consumption of bluegills. He suggested that a water temperatures of 29.1°C (84.4°F) in the labora- 
drawdown might be used to alter the feeding habits tory and 29.7°C (85.5°F) in the field. Sonic tracking 
of bass to make them prey more selectively on blue- studies (Clugston 1973) have suggested that large- 

gills. mouth bass regularly migrate in and out of thermal 
Largemouth bass which had eaten golden shiners plumes. During the winter (Gibbons and Bennett 

were found to have eaten more food than large- 1971), largemouth bass sought out heated areas in a 
mouths that had eaten insects. Largemouths also grew reservoir receiving heated effluent from a reactor. 
more rapidly on a diet of fish than on a diet of in- Water temperature plays an important role in de- 
sects, regardless of whether they ate the same amount termining the swimming performance of largemouth 
or not (MacKay 1963). In the largemouth, toods are bass. Hocutt (1973) found that at 5°C (41°F) the large- 

converted to fish flesh in a ratio of 4:1—4 kg of food mouth bass swam sluggishly, but at temperatures of 
produces 1 kg of flesh (Mraz et al. 1961). Small large- 15-35°C (59-95°F), it swam at speeds above 13.7 m/ 
mouth bass fed in colder waters than big large- min. 
mouths, but no large bass took food voluntarily in Water temperature is an important limiting factor 
water below 10°C (Markus 1932). in the adaptation of largemouth bass to new waters
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within and beyond the native range (Robbins and Largemouth bass that were displaced during the 
MacCrimmon 1974). High lethal temperatures limit spawning season tended to return to the site where 
the success of largemouths in tropical lowlands, and they had originally been captured (Parker and Hasler 
the need for warm waters for successful spawning 1959). They returned in an indirect way—by follow- 
limits the northward dispersal of the species in North ing the shoreline rather than swimming directly to 
America and Europe. the site from the center of the lake, where they had 

In Minnesota field studies performed by suspend- been released. Hasler and Wisby (1958) noted that 
ing largemouth bass in live boxes at varying depths, displaced largemouth bass did not return to their 
Moore (1942) observed largemouth bass mortality capture area with the same precision as did green 
within 24 hr at a water temperature of 15°C (59°F) and sunfish. A strong tendency by largemouths to remain 
at an oxygen level of 3.1 ppm. At winter water tem- in a home area within 91 m of their point of capture 
peratures, all bass died within 48 hr at an oxygen was reported by Lewis and Flickinger (1967). How- 
level of 2.3 ppm. In winterkill lakes of southeastern ever, one largemouth bass which had been fitted 
Michigan, largemouth bass and bluegills had a tol- with a transmitter, traveled a minimum distance of 
eration threshold for dissolved oxygen of about 0.6 3.1 km (2 mi) in 33 min after its release, or 3.6 times 
ppm (Cooper and Washburn 1949). its total length per second, at a water temperature of 

Carlander (1977) cited references which classifed 25°C (77°F) (Larimore and Dufford 1976). MacKay 

largemouth bass as suitable for slightly alkaline wa- (1963) cited a study of largemouths in which the dis- 
ters, and for brackish waters of up to 24.4 ppt salinity. tance from the point of tagging to the point of recap- 

Given a modestly abundant food supply, large- ture averaged 4.3 km (2.7 mi). 
mouth bass seem to be capable of feeding and main- In areas of the world where the largemouth bass 
taining themselves even in permanently turbid water has become naturalized, there is little evidence that 
(Miller 1975). Miller postulated that turbidity inhibits introductions into larger bodies of open water have 
mating and adversely affects the survival of eggs and resulted in appreciable declines in the population 
the young rather than the survival of juvenile or levels of native species. In smaller lakes, ponds, and 
adult bass. reservoirs, however, introduced largemouths may re- 
Numerous authors have noted the strong school- sult in a population explosion of the bass, the deci- 

ing tendency of largemouth bass fry, and the school- mation of all forage species, and the stunted growth 
like behavior of small groups of immature and ma- of the bass (Robbins and MacCrimmon 1974). 
ture bass that range the edges of shallow waters in In Wisconsin, almost all species of fish are associ- 
lakes and ponds. Similar behavior has seldom or ated with the largemouth bass, except for the cold- 
never been observed among other bass species, and water fishes. The largemouth lives principally with 
the cause and function of such movements by the bluegills, pumpkinseeds, golden shiners, and bull- 

largemouth can only be speculated upon at present heads. Competing predator species have been thought 
(Miller 1975). to cause a decline in largemouth bass populations; 

During the day, largemouth bass cruise above the introduction of walleyes into landlocked lakes in 

aquatic plants at depths of 1-3 m, or lie under lily northeastern Wisconsin inhabited only by bass and 
pads or in the shade of overhanging trees, piers, or panfish, for example, had this effect (Mraz et al. 
brush. In the evening, largemouths tend to move 1961). 
into shallow water, apparently to feed. After dark For details on the niche separation between the 
they return to deeper water, where they rest on the largemouth bass and the closely related smallmouth 
bottom under logs or trees (Moyle 1969). They rest bass, consult the smallmouth bass species account. 
with the throat region touching the substrate, with 
the pelvic and median fins erect, and with the tail 
slightly elevated (Miller 1975). They are seldom IMPORTANCE AND MANAGEMENT 
found at depths greater than the deepest water in Young largemouth bass are eaten by other centrar- 
which rooted vegetation grows. chids, by esocids, and by the larger percid fishes. 
Largemouth bass generally move into deeper wa- Since adult bass are rapid swimmers, it is unlikely 

ters in winter (Lewis and Flickinger 1967), but usu- that they often become the prey of birds and other 
ally remain more active than smallmouth bass during fish. Adams and Hankinson (1926) reported on one 
the winter months. In the spring, largemouths mi- largemouth bass from Oneida Lake, New York, 
grate into bays that have warmed up sooner than the which had a lamprey scar from a wound that may 
main body of water. have been responsible for its death. Perhaps a more
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important enemy of the largemouth bass is the bass Largemouth bass young are useful as bioassay ani- 
tapeworm, which attacks the reproductive organs mals. They adjust readily to captivity and are not 
and renders the bass sterile. sensitive to handling (Ward and Irwin 1961). 

The largemouth bass is host to the glochidial stage According to Bennett (1951), legal length limits have 
of a large number of important clams, including Am- no value in largemouth bass conservation, and there 
blema plicata, Fusconaia ebena, Megalonaias gigantea, appears to be no advantage in closed seasons and in 
Quadrula nodulata, Andonta grandis, Lasmigona com- bag limits. There has been no correlation established 
planata, Strophitus undulatus, Actinonaias carinata, between the number of largemouth bass of spawn- 
Lampsilis ovata, Lampsilis siliquoidea, Lampsilis teres, ing size in a population and the number of young 
Ligumia recta, and Ligumia subrostrata (Hart and Fuller bass produced. In Browns Lake (Racine County), Mraz 

1974). (1964c) found that, with liberal angling regulations 
The largemouth bass is eagerly sought by anglers (including no size limit and an earlier opening of the 

in Wisconsin. In a survey of vacationers, 28% pre- season), there were slightly better growth rates among 
ferred bass over other species and the bass had a largemouths toward the end of a 6-year study. He 
higher popularity rating as a sport fish than all other concluded that, during the study period, liberaliza- 
species. tion of bass-fishing regulations afforded an increased 

The largemouth bass bites on almost any type of opportunity for anglers to pursue their sport without 
bait as long as it moves. Live baits such as worms, harm to the largemouth population. 
minnows, frogs, insect larvae, and crayfish have all Largemouth bass meat is moderately firm and has 
been successful. Surface plugs or underwater plugs a mild flavor. It is also nutritious; analyses show that 
work well, and fly fishermen usually use a large pop- an edible portion contains 76.7% water, 20.6% pro- 
per. Laboratory experiments have shown that the tein, 1.8% fat, and 1.2% ash. The low fat content al- 
largemouth bass is able to distinguish colors quite lows largemouths to be kept frozen for a long time. 
readily. It prefers red, which it is able to distinguish In the early part of the fishing season, largemouths 
easily from all other colors except violet (Mraz et al. from weedy waters with mud bottoms have been 
1961). Colors have been worked into a wide assort- known to retain a muddy flavor acquired from the 
ment of bass plugs and artificial flies. Evening and lake bottom during their partial hibernation (Eddy and 
early morning hours are usually the best fishing Underhill 1974). 
times. Snow (1971) analyzed baits and methods of The management of largemouth bass has chal- 
capture for largemouth bass in Murphy Flowage lenged fishery researchers for many years. Popula- 
(Rusk County). tion estimates on three separate occasions at Browns 

In the Mississippi River, the largemouth bass ranked Lake, a 158-ha bass-bluegill lake in Racine County, 
12th in the sport fishery in 1957, and 10th in 1962- placed the largemouth population at between 88 and 
1963 (Nord 1967). For 1967-1968, the estimated sport 138 individuals more than 152 mm long, and the 

fishery catch in Pools 4, 5, 7, and 11 was 30,545 fish standing crop weight at 30.3-37 kg/ha (27-33 Ib/acre) 
weighing 19,960 kg (44,010 Ib) (Wright 1970). (Mraz et al. 1961); about 34 kg/ha (30 Ib/acre) were 

In Murphy Flowage (Rusk County) from 1955 regarded as normal for this glacial lake. 
through 1969, anglers caught 7,176 largemouth bass Like a bluegill population, a largemouth bass 
weighing 3,370 kg (7,426 lb); the annual harvest population may become overcrowded and stunted. 
averaged 6.8 fish and 3.1 kg/ha (Snow 1978). In Esca- Punch Lake (Vilas County) contained only one spe- 
naba Lake (Vilas County) from 1946 through 1969, cies of fish—a slow-growing population of large 
anglers caught 2,271 largemouth bass weighing 1,184 mouth bass which reached 254 mm (10 in) in the 
kg (2,611 Ib). This species never provided more than fourth or fifth year (Churchill 1949a). After a removal 
2% of the total annual catch from Escanaba Lake, and program was instituted, the size of the fish at the end 
never more than 8% of the total annual weight har- of the third summer's growth had increased from 178 
vested (Kempinger et al. 1975). At Browns Lake (Ra- mm (7 in) in 1939 to 203 mm (8 in) in 1942. The intro- 

cine County) in 1953, anglers caught 2,671 large- duction of hybrid muskellunge x northern pike to 
mouths, or about 4.5 kg/ha (4 Ib/acre). Early in the further control the population resulted in a greater 
history of the impounded Yellowstone Lake (Lafay- increase in largemouth growth; the average size of 
ette County), a partial and incomplete creel census the bass in 1948—at the end of the third summer 
placed the yearly harvest of largemouths at 65-183 following the introduction—was 241 mm (9.5 in). 
fish and 10.1-31.4 kg/ha (9-28 Ib/acre) (Mraz et al. Following a thinning operation in Flora Lake (Vilas 
1961). County), in which bluegills, pumpkinseeds, rock
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bass, yellow perch, white suckers, and golden biel et al. 1969). In most cases, the minnows disap- 
shiners were removed in large numbers yearly, pear in about 4 years, but the bass may do almost as 
no change in the linear growth of largemouth bass well without them. Golden shiners are generally fa- 
was observed, but there was an increase in weight vored over fathead minnows because the adult shin- 

(Parker 1956). ers become larger and, therefore, are less apt to be 
Though variable from year to year, the natural re- eaten. Although largemouth bass and bluegills are a 

production of largemouth bass is generally adequate recommended combination in many states, this com- 
to sustain satisfactory fishable populations. Formerly bination is not recommended in Wisconsin (Klingbiel 
bass hatcheries were an important fish management et al. 1969:14-15): 
activity in Wisconsin, but in recent years they have 
been reduced or eliminated. Stocking is confined to . . - Generally bluegills become overpopulated and stunted. 
winterkill lakes, or to new or rehabilitated waters. These fish are of no value because they are too large for 

The introduction of a few pairs of adult largemouths largemouth bass to eat, and too small for angling. Bluegill . 
. - ‘ P : Bi will also compete for food with the smaller bass and will 
s sufficient ‘to. achieve repopulation; natural nurser- eventually stop bass reproduction by eating the young. 
ies, such as small ponds with large numbers of Bass-bluegill management has been successful in very few 
stunted bass, can be tapped for such seed stock. ponds in Wisconsin. 

An analysis of the production of young large- 
mouths in ponds in southern Wisconsin suggests The recommended stocking rate for largemouth 
that high populations of carp may depress the pro- bass is 250 25-51-mm fingerlings per hectare; such 
duction of largemouth bass (Mraz and Cooper 1957b). fingerlings are available in July. Golden shiners or fat- 
This is not true in all cases, however, for two ponds head minnows may be stocked with the bass at the 
containing carp and largemouth bass yielded 2,540 rate of 1,000 adults per hectare. Fishing should begin 
and 14,125 young bass per hectare. Compared with when the bass are 3 years old; harvesting is ex- 
the stocking rates of fingerling largemouth bass com- tremely important because overpopulation occurs 
monly employed in fish management work, this rate easily, particularly in the northern part of Wisconsin, 
of production would appear to be entirely adequate where growing seasons are short and waters are rela- 
to maintain bass populations, if other conditions tively infertile. The angler should keep no fish larger 
were suitable. than about 300 mm (12 in), since large bass help to 

Where excessive carp populations have caused tur- control the numbers of small fish. For example, a 450- 
bidity and destroyed vegetation, the usual manage- mm (18-in) bass can eat a 200-mm (8-in) bass. 
ment approach has been either to eliminate the carp Largemouth females and smallmouth males have 
by fish toxicants or to reduce them by seining. A sub- been artificially crossed to produce the “mean- 
stantial carp reduction results in clearer water, which mouth” hybrid, which as a yearling is 203-305 mm 
is necessary for sight feeders like the largemouth (8-12 in) long and weighs up to 454 g (1 Ib). This 
bass, and in restored weed beds, with the food re- hybrid is fertile, can reproduce at age I, and has the 
sources they harbor (Mraz et al. 1961). ability to backcross with the parent species. It is very 
Where the primary interest of a pond owner is aggressive. There is concern that, if released into the 

sport fishing and large fish are preferred, a combined natural environment, the genetic swamping of either 
population of largemouth bass and golden shiners is the smallmouths or largemouths might result. Con- 
superior to a bass-bluegill combination, in that bass sequently, the hybrids have not been considered for 
reach a catchable size in a shorter time. In Wisconsin, use in fisheries management (Sports Afield, June 1977: 
largemouth bass can be raised alone, or with golden 147-148). 
shiners or fathead minnows as a food source (Kling-
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Warmouth fin lacking a distinct basal blotch; paired fins lightly 
pigmented. 

Breeding male bright yellow and eye bright red. 
Lepomis gulosus (Cuvier). Lepomis—scaled operculum; Hybrids: Warmouth x pumpkinseed, warmouth x 

gulosus—gluttonous. green sunfish, warmouth x bluegill, warmouth x 

Other common names: warmouth bass, goggle-eye, redbreast sunfish, warmouth x redear sunfish 
black sunfish, wide-mouthed sunfish, stump- (Childers 1967). Artificial warmouth x largemouth 
knocker, mud bass, wood bass, weed bass. bass (Merriner 1971b). 

SYSTEMATIC NOTES 
eo Until recently the warmouth was the sole species 

VASA: within the genus Chaenobryttus. Bailey et al. (1970) 

a ee noted that it is closely related to the typical sunfishes 
ie tie of the genus Lepomis, and that it does not differ struc- 

\ = turally from the closest of these (cyanellus) any more 
‘ : A = than cyanellus does from the more divergent forms. 

nh eer. . — Gulosus is now regarded as a species of Lepomis, and 

Peed >, 2 GS Chaenobryttus is downgraded to subgeneric rank. 

DISTRIBUTION, STATUS, AND HABITAT 
In Wisconsin the warmouth occurs in the Mississippi 

Adult 142 mm, Rinehart L. (Portage Co.), 13 June 1977 River and Lake Michigan drainage basins. In the Mis- 
sissippi basin this southern species reaches the 
northern limit of its distribution. It is not known from 

DESCRIPTION the Lake Superior basin. 
Body deep, compressed laterally. Length 89-127 mm Greene (1935) had no records of the warmouth 
(3.5-5.0 in). TL = 1.24 SL. Depth into TL 2.6-3.0. from the Lake Michigan basin. Recent records place 
Head length into TL 2.8-3.1. Mouth large, oblique. it in the headwaters of the Wolf and Fox river sys- 
Upper jaw reaching to middle of eye or beyond, with tems, which suggests a migration into that system via 
supramaxillary well developed; lower jaw decidedly the Fox-Wisconsin canal at Portage. It is also likely 
longer than upper jaw; conical, pointed teeth in that the warmouth was introduced through fish res- 
brushlike pads on upper and lower jaws; well-devel- cue transfers from the Mississippi River into eastern 
oped teeth on pad in midtongue; lower pharyngeal Wisconsin. Extensions of the warmouth’s range in 
arches narrow with bluntly conical teeth. Gill rakers northwestern Wisconsin are based on the following 
on first gill arch long, thin and straight. Opercular reports: Moose Ear Creek (Barron County) (Wis. Fish 
flap inflexible. Dorsal fins 2, but broadly joined and Distrib. Study 1974-1975); Chain Lake (Chippewa 
appear as 1; base of dorsal fins about 2.3 times length County) (Sather and Threinen 1963); Long Lake and 
of anal fin base; first dorsal fin with 10 spines, second Upper Ox Lake (Douglas County) (Sather and Johan- 
with 9-10 soft rays. Anal fin with 3 spines, and 8-10 nes 1973); and Town Line Lake (Chippewa County) 
soft rays; pelvic fin thoracic (almost directly beneath (H. Snow, pers. comm.). 
the pectoral fin), with 1 spine and 5 rays; pectoral fin Few specimens of this species have been taken in 
rounded, moderately long, and when laid forward Wisconsin. Since 1962, collections placed in UWSP 

across cheek reaching posterior edge of eye; caudal are (number of individuals in parentheses): #1505 (1) 
fin scarcely forked. Scales ctenoid, gill covers and Gran Grae Creek (Crawford County); #908 (1) and 
cheeks scaled. Scales in lateral line 36—40; lateral line #4183 (1) Mills Creek (Richland County); #3576 (2) 
complete. Chromosomes 2n = 48 (W. LeGrande, Severson Lake (Portage County); #4160 (3) Petenwell 

pers. comm.). Flowage (Adams County); #4164 (1) Fox River (Co- 

Body brown, with obscure vertical bars or with lines lumbia County); #4614 (3) Pleasant Lake (Walworth 
of dark dots along scale rows; ventral region of head County); #5580 (3) Rinehart Lake (Portage County); 
and belly light brown. Sides of head with 3-5 dis- and #5722 (1) Lake Alice (Lincoln County). 
tinct dark lines, radiating outward from eye. Iris red The warmouth has been reported from 9 of 40 
or reddish brown. Vertical fins darkly pigmented and Waukesha County lakes sampled (Poff and Threinen 
mottled with spots in irregular parallel lines; dorsal 1963), and it has also been reported as present among
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the fish in smaller lakes (Laura and Skidmore ponds, gravel. According to Seeburger (1975), in Walworth Genesee) in the same county (Cahn 1927). Macken- County the warmouth prefers lakes, ponds, and thun (1946) reported it from Turtle Lake (Walworth smaller rivers with mud bottoms. In the Mississippi County), Silver and Powers lakes (Kenosha County), River it is associated with quiet backwater lakes. Storrs Lake (Rock County), and Forest Lake (Fond du 
Lac County). BIOLOGY 
Throughout Wisconsin the warmouth is rare to un- The life history of the warmouth has been exten- common. Except for the southeastern corner of the sively studied in central Illinois by Larimore (1957). state, populations appear to be widely scattered. Ap- Unless otherwise designated, the following account parently its range in Wisconsin is expanding as a re- is derived from his work. sult of the establishment of reservoirs, the increasing In Illinois, the nesting season of the warmouth be- siltation of our waters, and inadvertent transport and gins during the second week of May, reaches its peak stocking. The warmouth is probably more commonly early in June, and starts to decline after the first of distributed in southern and central Wisconsin than July; however, it often extends well into August. The the record indicates, since it can easily be over- length of the nesting season differs among popula- looked. Even when the warmouth is known to exist tions in different lakes, and probably varies consid- in small numbers in a given body of water, its secre- erably from year to year. Evidence indicates that a tive habits in dense vegetation obscure its presence. warmouth may spawn several times during a sum- In Wisconsin, the warmouth occurs in lakes, ponds, mer. It spawns at water temperatures approaching low-gradient streams, and drainage ditches. It is as- 21.5°C (70.7°F). 

sociated with muddy or turbid waters, dense growths The warmouth’s nesting sites are on bottoms of of aquatic weeds, and bottoms of soft mud, sand, or loose silt, sand with loose silt, silt containing sticks
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and leaves, rubble, or rubble covered with a thin layer the male a sharp thump on the side. Each time the female 
of silt. Warmouths show some preference for rubble jerks, she extrudes about 20 eggs. The thump she gives the 
lightly covered with silt and detritus, and are careful male probably stimulates a discharge of sperm, although 
to select a spot near a stump, root, rock, clump of no milt was ever seen coming from the genital pore. After 
vegetation, or some similar object. Nests are not found circling the nest several times, the female interrupts the ac- 
. < : tivities and leaves the nest site. The male usually follows 
in an area that is completely exposed, or in an area hémacshock Aistince Dukseticad Guiell J ° 

a quickly to the nest to as: 
of clear sand, such as the bluegill selects. Nests are sume guardianship. At this point in the spawning activity, 

usually built at depths of 0.6—0.8 m (0.2-1.5 m). males often have been observed to fan the nest with 
The warmouth is not a colonial nester; the nests sweeping motions of the tail in a manner similar to that 

are usually widely separated unless the nesting areas exhibited when nest building. 
are restricted, in which case nests are sometimes 
found close to one another. Richardson (1913) re- Male warmouths ripen slightly earlier in the sea- 
ported that a dozen nests of this species had been son than females, and they remain sexually active 
found at Havana, Illinois, in a circle 6 m diam, in somewhat longer than females. Larimore determined 
water 15-25 cm deep. The nests were 10-15 cm that warmouths over 137 mm (5.4 in) long attained 

across and of irregular shape; they evidently had spawning condition SOOnEr and spawned over a 
been quickly and carelessly made, compared to blue- longer period of time than did 89- to 137-mm (3.5- to 
gill and bass nests. 5.4-in) fish. The male protects and fans the eggs. 

As in other sunfish species, the male warmouth ex- Larimore noted that hybrids can be produced in the 
cavates the nest. Violent sweeping motions of his tail laboratory between the warmouth and a number of 
clear loose debris away from the selected spot and species of Lepomis, yet such hybrids seldom occur in 
produce a shallow irregular concavity. As he enters large numbers in natural populations. In the labora- 

the nest site, he turns abruptly upward, giving three tory, male warmouths have courted green sunfish and 
or four violent sweeps with his tail while balancing bluegill females, but have not succeeded in spawn- 
in an almost vertical position and checking his for- ing with them and have seldom been able to guide 
ward motion with his pectoral fins. them to the nest depressions. Such reproductive iso- 

The nesting site is guarded from intruders by the lation may be explained by the characteristic sounds 

male warmouth. According to Larimore (1957:66): produced by males of some Lepomis species (see Ger- 
oH belli Lattitude by swiawnine toward ald 1971), which enable females of different species 

See ee Ora eee ey 8 to recognize males of their own species. 
the intruder with his mouth open and his opercles spread; 8 a . P . 
at the same time, his eyes become red and his body be- Fecundity is a function of the size of the female 
comes light yellow in color. As the nesting male nears the warmouth. From April to June in Park Pond, Illinois, 

intruder, he usually turns abruptly to one side or upward females 89-180 mm (3.5-7.1 in) long held 4,500-37,500 

and, with vigorous movements of his tail fin, forces small eggs. In Venard Lake in May, females 94-137 mm 
pulses of water toward the intruder. He may also nip. . . . (3.7-5.4 in) long held an estimated 17,200-63,200 

When a female warmouth that is not yet ready to eggs. The diameter of fertilized warmouth eggs is 

spawn is placed in a tank with a nesting male, she is 0.95-1.03 mm. At water temperatures of 25-26.4°C 
charged, nipped, and driven to the surface. Unable (77-79.5°F), the eggs hatch in 34.5 hr. 
to escape the male in an aquarium, she may eventu- Immediately upon hatching, the warmouth prolar- 
ally be killed by his continued aggression. vae drop down onto the sand and silt between the 

In getting a female to his nest, the male warmouth coarse gravel particles of the nest. After 36—48 hours 

assumes an aggressive attitude. He approaches her they begin to make feeble jumps 2 cm or so above the 

with opercles widely spread and his mouth open; his bottom of the nest. The yolk-sac is exhausted by the 
body changes colors in courtship as it does when he fourth day. The young begin active swimming at the 
fights off an intruder—an adjustment requiring only end of the fifth day, and swim about the nest in 

5-10 sec. If the female is ready to spawn, she is easily rather compact groups. In outdoor tanks, they begin 

directed toward the nest, and spawning soon fol- to feed by at least the seventh day after hatching. The 

lows. Spawning behavior has been described by Lari- schools gradually dissolve as individuals begin inde- 

more (1957:44): pendent searches for food. No juvenile warmouths 

On entering the nest site, both male and female begin to have been observed in large groups. 

circle, the female being nearer the center of the nest, slightly Larimore (1957) described development to the 15.7- 
on her side and somewhat beneath the male. . . . As they mm juvenile stage, and photographed stages from 

circle inside the nest, the female works her jaws three or hatching (3.4 mm) to the 12.0-mm postlarva. The 15.7- 
four times and suddenly jerks her body violently, giving mm young is essentially like an adult in body form.
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In ponds and lakes, warmouth fry scatter into until they had reached age II and a minimum length 
dense weed masses, making it impossible for the of 89 mm (3.5 in). 
male parent to keep the young together for close Larimore found that the majority of large war- 
care. After the fry leave the nest area, they receive no mouths were males. A 244-mm, 454-g (9.6-in, 1-Ib) 
parental care. In several Illinois lakes, minnows and male (age VI) was collected from Park Pond, Illinois. 
sunfishes were observed destroying warmouth eggs Trautman (1957) reported a specimen 284 mm (11.2 
and larvae in unprotected warmouth nests. Postlar- in) long, with a weight of 454 g (1 Ib), from Ohio. 
val and juvenile warmouths which had left the nest A warmouth in Georgia in 1974 weighed 907 g (2 Ib 
were eaten in great numbers by larger fish. Large- 0 oz). 
mouth bass 44 mm (1.75 in) long fed voraciously on In Illinois, young warmouths feed on plankton, in- 
warmouths 19 mm (0.75 in) long, which in turn had sects, and small crustaceans. Those over 127 mm (5 

been eating large numbers of postlarval warmouths. in) long, feed largely on small fishes. In Park Pond, 
In the laboratory, a 19-mm warmouth ate 11 postlar- Illinois, warmouths consumed crayfish (29.7% vol- 
vae (4 days old) in 5 min; another ate 12 in the same ume), fish (20.5%), damselflies (15.7%), dragonflies 
length of time. The survival of late warmouth broods (5.2%), diptera larvae (4.6%), mayflies (2.9%), Ento- 
is frequently higher than that of early broods because mostraca (0.7%), Hemiptera (0.3%), miscellaneous 
as the season advances the aquatic vegetation be- insects (12.2%), and miscellaneous items (8.2%). In 

comes more dense and there is less danger of drops Lake Venard in central Illinois, fish constituted only 
in water temperature. 5.9% of the volume of the warmouth’s diet, but dra- 

In Severson Lake (Portage County), young-of-year gonflies made up 23.8%. In Park Pond, where many 
warmouths were 35 mm long on 4 August. In south- species of minnows were present, small sunfish were 
ern Wisconsin streams in the second half of Septem- more commonly taken by warmouths. Warmouths 
ber, young warmouths were 44 mm TL. may feed upon any items that are readily available, 

For combined Wisconsin collections of warmouths, including snails. 
the calculated length at each annulus was: 1—37 mm; When a food item is sighted, the warmouth turns 
2—74 mm; 3—90 mm; 4—126 mm; and 5—147 mm. toward it, judges its acceptability as food, and then 
The best growth was demonstrated by warmouths may move in quickly to snap it up. A motionless ob- 
from Pleasant Lake (Walworth County), which had ject is seldom picked up by a warmouth. The large 
values of 40, 79, 108, 143, and 160 mm at the annuli. size of its mouth is better suited to a fish-eating diet 

In Iowa, the calculated total lengths at the annuli than that of most sunfishes. During the summer 
(estimated weights in parentheses) were: 1—41 mm months, the warmouth’s feeding activity reaches a 
(1 g); 2—91 mm (15 g); 3—147 mm (68 g); 4—178 mm peak early in the morning and practically ceases in 
(129 g); 5—190 mm (175 g); 6—203 mm (214 g); and the afternoon. 
7—221 mm (242 g) (Lewis and English 1949). In Illi- The critical oxygen level for warmouths is 3.6 ppm 
nois (Larimore 1957), these values were: 1—42 mm at a water temperature of 20°C (68°F) (Larimore 1957). 

(2 g); 2—86 mm (12 g); 3—125 mm (40 g); 4—163 mm The warmouth’s ability to survive at low oxygen con- 
(91 g); 5—189 mm (153 g); 6—204 mm (196 g); 7—215 centrations allows it to range into habitats that would 
mm (232 g); and 8—217 mm (239 g). In Enright Pond, be unfavorable to other fish species. It is among the 
Illinois, fish of the first brood produced in the lake last species of fish to die when collections of live fish 
attained a length of 152 mm (6 in) during their first are concentrated in tanks, tubs, or buckets contain- 

13 months. The less turbid the water, the greater is ing water. However, there was a heavy kill of war- 
the growth of warmouths. mouths in a Michigan lake during the winter when 

In Illinois, annuli usually form about the first week the oxygen level dropped to 0.0-0.2 ppm in the up- 
in May. The condition value (K,,) for warmouths 81- per 0.3-1.2 m of water (Cooper and Washburn 1949). 
208 mm (3.2-8.2 in) TL ranged from 2.01 to 2.29. Gould and Irwin (1962) stated that the warmouth had 
Larimore noted that there was a decline in condition withstood concentrations of 1.0 ppm oxygen without 
for the larger warmouth in the early fall and again in fatality; it also endured test concentrations of pH 
winter. No consistent differences in condition were ranging from 8.5 to 7.4. 
evident between males and females. Although essentially a freshwater species, war- 

In Venard Lake, Illinois, both sexes matured at age mouths have been reported in waters with 4.1 ppt 
I, when they had reached lengths between 79 and 86 salinity in Louisiana (Carlander 1977). 
mm (3.1-3.4 in); in Park Pond they did not mature The warmouth’s association with turbid water, or-
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ganic silt deposits, and dense vegetation indicates a mouth will take earthworms, minnows, grass- 
greater tolerance of these conditions than most other hoppers, crickets, grubs, and artificial baits. In Wal- 
sunfish have. This may be a factor in lessening its worth County, warmouths up to 15 cm have been 
competition with other species. taken with flyrod and popper late in the spring (See- 

In learning experiments (Witt 1949), isolated war- burger 1975). In five southern Wisconsin lakes, war- 
mouth individuals learned about as quickly as blue- mouths composed an average of 2.6% (0.7-7.5%) of 
gills and more quickly than largemouth bass, but in the catch (Mackenthun 1946). Other fish species 
groups the warmouths made more errors than either commonly taken from the same lakes were bluegills 
largemouths or bluegills. Warmouths could learn to and green sunfish, and, to a lesser extent, rock bass, 
distinguish a worm on a hook from a free worm. largemouth bass, and black crappies. 
After being penalized for making an error, the war- Exploitation rates are usually lower for the war- 
mouth was not as cautious as the bluegill in ap- mouth than for other sunfishes inhabiting the same 
proaching a hooked worm. waters primarily because of the difficulty of fishing 

According to Larimore (1957), an order of domi- in the dense cover that warmouths prefer. Most war- 

nance in a natural warmouth population has not mouths are taken incidentally while fishing for other 
been observed. However, in a restricted group, such sunfishes. In Wisconsin, the regulations for taking 
as that in an aquarium, a hierarchy is quickly estab- panfish, including warmouths, from inland waters are 
lished. The aggressiveness of a fish in its pursuit of liberal; an aggregate of 50 panfish may be caught in 
food or space, and the dominance of the fish relative 1 day. In the boundary waters there is no bag limit 
to other members of the group, determine its posi- on panfish, except in Wisconsin-Minnesota waters 
tion in the hierarchy. The smaller the group, the more where there is a limit of 25 per day. 
stable and definite the order of dominance appears. The warmouth is a desirable laboratory fish. Its 
In groups of more than three or four fish, the order prolonged spawning season makes suitably sized 
may change frequently. specimens available for much of the year. It trans- 
Warmouths of less than 127 mm (5 in) TL remain in ports well, withstands crowding and low oxygen ten- 

protective cover in shallow water the year around; sions, and is large enough to be easily handled and 
larger individuals spend more time in deep water yet small enough to be accommodated in most 
than in shallow water. There is no school formation aquariums. It is a good animal for bioassay, but it 
even during the winter, when many fishes form needs live food and is difficult to collect because it 
groups. The warmouth has a quiet disposition. It remains in weedy areas (Gould and Irwin 1962). 
moves around relatively little, displays no show ac- Unlike other Lepomis species, warmouths have no 
tivity except during the spawning season, seeks the tendency to become dominant at the expense of 
cover of weeds and other hiding places, and avoids other species. This has been indicated by the rela- 
intense light. tively low proportions of warmouths reported in fish 
Warmouths were collected from Silver Lake (Ke- populations of Illinois and other states. Larimore 

nosha County) along with the common carp, blue- (1957) found that, in 17 ponds in central Illinois 
gill, black crappie, walleye, bullhead (sp.?), large- stocked with 11 different fish combinations (includ- 
mouth bass, pumpkinseed, rock bass, bowfin, and ing largemouth bass, smallmouth bass, and several 
other species (Mackenthun 1946). panfish), warmouths tended to establish small broods 

each year without seriously restricting the reproduc- 
IMPORTANCE AND MANAGEMENT tion or growth of companion species. However, Lari- 
The warmouth plays a role in the ecology of the mus- more also pointed out that small numbers of war- 
sels Amblema plicata, Alasmidonta marginata, Caruncu- mouths which had been introduced into a pond 
lina parva, and Lampsilis teres, since it is host to the overcrowded with other sunfish seemed unable to 
glochidial stage of those species (Hart and Fuller establish a population. In ponds in which other 
1974). populations of fishes had been thinned, an increase 
Known as an excellent small sport fish, the war- in the growth rate of warmouths was noticed.
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Green Sunfish caudal fin scarcely forked. Scales ctenoid, gill covers 
and cheeks scaled. Scales in lateral line 44-51; lateral 
line complete. Chromosomes 2n = 46 (Roberts 1967). 

Lepomis cyanellus Rafinesque. Lepomis—scaled oper- Dorsal region brown to olive, with many emerald 
culum; cyanellus—blue. reflections; sides lighter, with 7-12 faint dark, vertical 

Other common names: green perch, black perch, log- bars; belly yellow to white. Head with emerald spots, 
fish, blue-spotted sunfish, sunfish, little red- and at times with backward radiating emerald lines; 
eye, blue bass, creek sunfish, rubbertail, sand opercular flap with black center and with a broad, 

bass. light-colored margin. Fins generally pigmented; bases 
of rear dorsal and anal fins usually with a vague, 

nee dark blotch. Young similar to adults, but lacking 
Nh ee bands on sides and spots on cheeks and fins. 
hee AS oe Breeding male with prominent, yellowish white 

Z line along margin of the dorsal, caudal, and anal fins, 
i and with dark, vertical bars along sides (Hunter 

aga \ ne & 1963). 
Pig) de nS Os “4 Hybrids: Green sunfish x bluegill, green sunfish 

ah r rt mi \ we ——.| x pumpkinseed (Wis. Fish Distrib. Study 1974-1979); 

oe -. Oe — —_ green sunfish x longear sunfish, green sunfish x 
Es A. Bin ROR ae So orangespotted sunfish, green sunfish x redbreast 

a Yay ES sunfish, green sunfish x redear sunfish (Childers 

1967). 

Adult 130 mm, Pine R. (Richland Co.), 7 Aug. 1962 DISTRIBUTION, STATUS, AND HABITAT 

In Wisconsin, the green sunfish occurs in the Missis- 
DESCRIPTION sippi River and Lake Michigan drainage basins. It is 
Body robust, strongly compressed laterally. Length well distributed in streams and lakes in the southern 
102-127 mm (4-5 in). TL = 1.25 SL. Depth into TL one-third of the state, and it is widely dispersed 
2.4-2.9. Head length into TL 2.8-3.1. Mouth large, northward. It has not been reported from the Lake 
terminal, slightly oblique; lips large. Upper jaw ex- Superior basin with the exception of two records 
tending to about middle of eye; small, blunt teeth in from Houghton County, Michigan, where it was 
brushlike pads on upper and lower jaws; rarely, a few probably introduced (Taylor 1954). 
teeth on tongue; lower pharyngeal arches narrow The green sunfish was present in over 30% of the 
and strong with conical, blunt teeth. Gill rakers on Waukesha County lakes sampled (Poff and Threinen 

first gill arch long, straight and thin. Opercular flap 1963); it was rare in Pewaukee Lake (Becker 1964a). 
inflexible. Dorsal fins 2, but broadly joined and ap- It is rare to uncommon in the Wisconsin and Missis- 
pear as 1; base of dorsal fins about 2.5 times length of sippi rivers, and it is generally common in moderate- 
anal fin base; first dorsal fin with 9-11 spines, second sized streams and lakes of southern Wisconsin. 

with 10-12 soft rays. Anal fin with 3 spines and 9-10 The green sunfish usually inhabits quiet pools in 
soft rays; pelvic fin thoracic, with 1 spine and 5 rays; warm, shallow waters of ponds, lakes, small brooks, 
pectoral fin rounded, moderately long, and when and rivers of low gradient. In Wisconsin, it was en- 
laid forward across the cheek barely reaching eye; countered in clear to turbid water at depths gener- 

ee” ally less than 1.5 m over substrates of gravel (23% 

EF frequency), sand (17%), silt (17%), rubble (12%), mud 
EE (12%), clay (8%), boulders (8%), detritus (1%), and 
eae marl (1%). It occurred in low-gradient streams of the 
EBS, following widths: 1.0-3.0 m (18%), 3.1-6.0 m (22%), 

BSEaRy 6.1-12.0 m (22%), 12.1-24.0 m (28%), 24.1-50.0 m 
SS (8%), and more than 50 m (2%). 

Dorsal view of the lower pharyngeal arches of the green sun- 
fish, showing their narrowed snd bluntly conical ‘oth (from BIOLOGY 

The Fishes of Ohio, by Milton B. Trautman [Columbus, Ohio: In southern Wisconsin, spawning commences in late 
Ohio State University Press, 1957, 499]) May or early June, continues through June and July,



Green Sunfish 823 

| —_ pep tans |7 Of [serene a al 
x ogee U.-, r | mec Pra | J : Oe, | | g an, afd} 

| a i A e | | EN Ye ee BAK 
| SN | pe 3 wl, | | Ys} =e _{ Mf" Say 

| d | Pace aN © 4 » UF bem ee 

mak A NAMEN ey APL sal ON ay * WIRE Na A Ar 

LE PE 1 ge | Do ate 
TEEN VOTERS oP) EZ foes BN ool sor pts 

forsee SEM DAS BES RB) Ted PETE i 
SRS TE UTE SECU | Den See q 

CoB Te ow PR) ge Ib ee 
AY I) RENE TP a ie RA ig Peak oe i BOS DAD: b 

Pe RIES, VARCHAR SL SSE! forme USN SOME ° 5 ‘ 
SSAA oe [le oN SE AE BA CRY acm Ne S 
(Ov RE SON (SD NS JCA | Woe 
(BE YR ETRE Cop MN ED 1) BRP SEL (A NGS 
IYOR AS COP AE OT SA OAL ONE ES ie 

PENS NAT) PRR LN OR BBE 8 pe 
VPI LOO TET TITRA NS VRS PAI 1S CEN 

CAINS CY TANT QI BE (ANS ESE LF | Sao 
Mar HN SRS DARTH UC IAN ep PRS eT has | ~ 

APD NEST WESSEL 2 ae EA INS TOW] Oe TET POAT ot 
2 NBR EE SYS GSS ED FCs 

| SCLIN SS FD Ye hag ees SND - 

‘ VY, JE SEO e bé gut s 
WY Co LCE ah NOP ep roe J | Oar 8 

+ ORG en irk WEE Ree vat ee ot 
RLS AS AWE Sse ai Ae | 
NAS PONE ee YS SO EES | 
BA (os tj BS dN | 
APT YQ By eye SS = lhe ey \ 

== genes sper REN) OR” Ags Feist 1 | 
pu ee te oe fa) BBs er jt MN ‘ pe | | 

ete PAINE RS, et aye We WA RS OL so Ae age (OP a \ Range of the green sunfish 

| | (Sr 28 As fA ae a yf % | | @ Specimens examined 

| dl we ua Ssueg f(T SSS e ES 4s | A Wisconsin Fish Distribution Study (1974-75) 

| | Youle ihn Me 8 ah Ze | © Literature and reports 
Lepomis cyanellus Qe alla On Se ecu O Greene (1935) 

and terminates in early August (Hunter 1963). The Each nest is between 15 and 38 cm diam (Carlander 

green sunfish builds and spawns at water tempera- 1977), and as many as 25 nests have been observed 

tures of 15-28°C (59--82.4°F). Breeding activities take within a 15 square meter area (Sigler and Miller 

place every 8-9 days during the season, and the peak 1963). Large males occasionally dig several trial nests 

of nest establishment nearly always coincides with a prior to spawning, generally within a meter of their 

rise in the mean water temperature. previous nests. Small landmarks in the vicinity of a 

Hunter (1963) discussed in detail the reproductive nest appear to play a major role in nest recognition. 

behavior of the green sunfish in Madison (Wisconsin) Hunter observed that aggregations of female and 

ponds. The following account is from this source, un- male green sunfish of all sizes gathered around the 

less otherwise indicated. periphery of the nests of the first males that spawned; 

Green sunfish nests are seldom located in water he counted 114 fish assembled near the nest of one 

deeper than 35 cm, and small males may construct spawning male. As other nests were constructed and 

nests in water as shallow as 4 cm. The nests are built colonization began, the number of fish around indi- 

in the shelter of rocks, logs, and clumps of grass, if vidual nests decreased. 

these are available; occasionally the abandoned nests Fighting occurs only when the male green sunfish 

of other sunfishes are used. are engaged in constructing nests and spawning. 

The nest is constructed by the male, who rises ver- Nesting territories are defended against intruders. 

tically above the nest site and delivers a burst of vig- The resident male responds aggressively by spread- 

orous outward thrusts with his tail; each thrust dis- ing the opercles wide and by vigorously driving the 

places some sand and gravel, and gradually a shallow trespassing fish from the nest. Two male combatants 

depression is formed. Carlander (1977) indicated that may press their open mouths to their opponent's 

males may remove larger pebbles with their mouths. opercle and rotate in this position. Sigler and Miller
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colonies the male frequently interrupted spawning to chase 
intruding fish. After spawning, the male expelled the fe- 

(\\\) male from the nest with a nip. Both sexes usually spawned 
with more than one individual. Occasionally a male spawned 

} simultaneously with more than one female. While a pair of 
2 sunfish were circling in the nest another female entered the 

) nest, aligned itself with the male, and when the first female 

V rotated on her side the intruding female also slid beneath 
\ the male and vibrated. 

\ The presence of a male in a nest appeared to be 
sufficient stimulus to cause a female to enter the nest. 
Hunter (1963:15-16) saw females during the latter 

sj \ part of the nesting period move from nest to nest in 
N QW old sunfish colonies, often being expelled from every 
N nest: 

. .. Females sometimes darted beneath a male, immedi- 

2 ately rotated on their sides and vibrated. Sometimes mat- 
ing was accomplished in this fashion but often the male 
remained sexually passive, in which case the female was 
eventually driven from the nest. 

During spawning periods, male green sunfish are 

Fighting posture of two male green sunfish (Hunter 1963:15) more active than at any other time during their re- 
productive cycle. Within a 10-min period, Hunter 

(1963) noted that attacking male green sunfish meet observed one male execute five spawning acts, make 
their opponents head on, and sometimes even grasp ten trips in and out of the nest, threaten his neighbor 
them by the jaw during the engagement. once, and gyrate in the nest 39 times. 

Witt and Marzolf (1954) reported that male longear Gonadal growth is stimulated in both sexes of 

sunfish defended larger territories when their nests green sunfish by the simultaneous influence of high 
were isolated than when the nests were a part of a water temperature [greater than 15°C (59°F)] and 

colony. Hunter drew similar conclusions about the long photoperiods (15 hr or more) (Kaya and Hasler 
green sunfish and observed that where nests of this 1972). However, long photoperiods and elevated 
species were 30 m apart the males defended an area temperatures [24°C (75.2°F) ] will not prevent gonadal 

of 1-1.5 m diam, but that where nests were close to- regression from occurring during the postspawning 
gether the males defended only the area encom- period (Kaya and Hasler 1972). 
passed by the nest. The eggs of the green sunfish are numerous, de- 

Gerald (1971) noted that male green sunfish make mersal, and adhesive. Varying egg sizes have been 

a grunting sound while courting a female. A nesting reported: 0.8-1.0 mm diam (Kaya and Hasler 1972), 
male, upon sighting a female, repeatedly rushed to- 1.2-1.3 mm (Taubert 1977), and 1.0-1.4 mm (Meyer 
ward her and then backed toward his nest, while 1970). In nests over mud and marl, the eggs become 

producing a series of gruntlike sounds. Gerald had attached to the roots of sedges and bulrushes (Hank- 
the impression that the female produced a single inson 1908). Eggs held at water temperatures of 24— 
grunt as she first approached the male. The mecha- 27°C (75.2-80.6°F) hatch into prolarvae 3.5-3.7 mm 
nism of sound production is unknown. long in 35-55 hr (Taubert 1977). Swim-up, following 

The spawning behavior of the green sunfish has absorption of the yolk-sac, occurs in the 6-mm stage 
been described by Hunter (1963:15): by 145 hours. Taubert illustrated the 3.6-, 5.8-, 8.3-, 

. .. Spawning was accomplished in the manner typical of and 9.3-mm stages, and described the stages uP 
all centearchice the male ahd female circled in he side through the 22-day-old metalarva. Meyer (1970) fig- 
by side, paused momentarily and released sperm and eggs. ured the 5.4-mm (9-day), 10.2-mm (30-day), 15.1-mm 
The consummatory act took place when the female reclined (37-day), and 23.7-mm (57-day) stages. 
on her side and vibrated while the male remained in an Green sunfish were induced to spawn in aquari- 
upright position. An isolated pair might circle and spawn ums at 25°C (77°F) with a daily, 16-hr period of light 
in a nest for considerable periods of time but in crowded (W. E. Smith 1975). Within several days a male had



Green Sunfish 825 

established territorial rights, and spawning occurred temperature, with the heat released from the bottom 

within 14 days. The eggs hatched 2 days later at 25°C. of a body of water, can improve conditions for green 
Larval swim-up and the beginning of feeding took sunfish growth in northern latitudes, and that the 
place 5 days after hatching, and the fry fed success- growth of young green sunfish was better in a heated 
fully on newly hatched brine shrimp nauplii. At 30 pond than in the unheated reference pond. Gerking 
days after hatching, the mean total length of the fry (1952) noted that a 10-g green sunfish used about 
was 3 cm, and at this time frozen adult brine shrimp 33% of the absorbed protein for growth, compared to 
were introduced as food. At the age of 16 weeks, 20% for a 55-g fish. Carlander (1977) reported that 
green sunfish males were about 10 cm long, and fe- growth among green sunfish was more rapid after 
males about 6 cm long. Spawning occurred at 16 poisoning and restocking, and after an almost com- 
weeks and continued at intervals of 6-10 days to the plete winterkill. 
end of the study period, 2 months later. All of these Although the green sunfish is normally small, oc- 
individuals had been brought to maturity together, casionally a large individual is caught. A 709-g (1-lb 
and there was little aggression exhibited. With the 9-0z) green sunfish was taken from Wind Lake (Ra- 
use of the proper cultural techniques, the green sun- cine County) on 23 August 1967. A 964-g (2-Ib 2-0z) 
fish will spawn at less than 6 months of age. fish came from Stockton Lake, Missouri, on 18 June 

In Wisconsin waters, young-of-year green sunfish 1971. Carlander (1977) cited a report of a green sun- 
were about 29 mm long in mid-July, and 27-37 mm at fish from a Utah reservoir which was 279 mm (11 in) 

the end of September. In Madison (Dane County) long. 
ponds, young-of-year were 4-9 mm in June, 11-28 Siewert (1973) observed that young green sunfish 
mm in July, 19-35 mm in August, and 21-40+ mm consumed zooplankton, and that adults consumed 
in September (Siewert 1973). zooplankton, insects, snails, and young-of-year green 

The green sunfish is aged by reading scales. Hubbs sunfish. Stomachs examined also contained Chara 
and Cooper (1935) called attention to a spawning and Spirogyra, but Siewert concluded that not much 
mark on scales, which indicates an abrupt, though nutritional value was gained from such plant mate- 
temporary, slackening or cessation of growth during rial. In Michigan (Sadzikowski and Wallace 1976), 
the breeding season. plant materials and odonates were important food 

Green sunfish taken from the Pine River (Richland sources for the green sunfish and the bluegill, and 

County) on 7 August 1962 had the following calcu- both of these species consumed more plant materials 
lated growth at the annuli: 1—24 mm; 2—54 mm; 3— than the pumpkinseed. The green sunfish has a 
91 mm; and 4—117 mm (J. Morzinski, pers. comm.). larger mouth than the bluegill, and its diet contained 

In Michigan (Hubbs and Cooper 1935), green sun- food items of a larger average size than those in the 
fish exhibited the following growth: 0—8—44 mm; I— bluegill’s diet, despite the similarities of the food 
24-90 mm; II—54-142 mm; III—68-142 mm; IV—84- items. Thus, even though these two species eat simi- 

168 mm; V—114-188 mm; VI—130-188 mm; and VII— lar foods, they may actually be exploiting quite differ- 
168-196 mm. In Minnesota (Kuehn 1949a), the cal- ent food sources. 

culated total length at each annulus was: 1—43 mm; Other foods taken by green sunfish include cray- 
2—74 mm; 3—99 mm; 4—127 mm; 5—150 mm; 6— fish, terrestrial insects, and fish. In one population, 
168 mm; and 7—183 mm. In the upper Saint Francis green sunfish ate more largemouth bass eggs and fry 
River, Missouri (Purkett 1958b), the green sunfish than other sunfish, but the number taken was not 

reached a calculated length of 196 mm at the 10th an- significant after mid-May (Mullan and Applegate 
nulus. Males grow faster than females, and tend to 1968), when the green sunfish turned to gizzard shad 
live longer. and sunfish young for food. Green sunfish 51-99 mm 

In Madison ponds, some age-I male green sunfish long contained a volume of about 33% fish larvae in 
started to spawn in late July or early August (Hunter late June. Forbes and Richardson (1920) reported that 
1963). In Michigan (Hubbs and Cooper 1935), few age- more than one-third of the diet of green sunfish in 
I fish were mature, but all age-III fish were mature. Illinois was made up of fish, the remainder of insects 

The overall size at maturity for both sexes of green and crayfishes. In California, green sunfish elimi- 
sunfish averaged slightly more than 76 mm in south- nated mosquitofish and threespine sticklebacks from 
ern Michigan, and slightly under that figure in the a pool in a stream as water levels decreased (Green- 
northern part of the state. field and Deckert 1973). 

Siewert (1973) demonstrated that a 5°C (9°F) in- According to Sigler and Miller (1963), green sun- 
crease in the water temperature above the ambient fish prefer to eat animal materials, but are able to
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shift to plant materials when animals are unavailable. to Lagler, Bardach, and Miller (1962), is a violent 
Unusual animal items reported eaten include a short- sweeping of water over the gill lamellae to free them 

tailed shrew (Sigler and Miller 1963) and a bat (Car- of accumulated detritus. 
lander 1977). The green sunfish seeks the warm, shallow waters 

Green sunfish survive water temperatures as high of smaller lakes and reservoirs, and spends much of 
as 33-34°C (91-93°F) (Sigler and Miller 1963) and even its time in the vicinity of weed beds. Its aggression 
36°C (97°F) (Proffitt and Benda 1971). In the labora- appears to be directed against members of its own 
tory, they actively avoided temperatures of more than species, rather than against other species. Hunter 
30.3°C (86.5°F) and less than 26.5°C (79.7°F), and and Wisby (1961) noted that when swarms of redfin 
preferred a median temperature of 28.2°C (82.8°F) shiners appeared above the nests of spawning green 
(Beitinger et al. 1975). Jones and Irwin (1962) deter- sunfish the male sunfish only rarely responded ag- 

mined a temperature preference of 26.8°C (80.2°F) for gressively toward them. The green sunfish enters 
this species. The green sunfish was able to with- small streams when moving upstream in the spring. 
stand sudden changes of temperature as great as 11°C According to Walden (1964), there is a legend in Mis- 
(20°F) without immediate mortality, provided the up- souri that the green sunfish forsakes the streams for 
per lethal limit was not exceeded; some delayed the meadows after a heavy fall of dew. 
mortalities were noted, however (Nickum 1967). The green sunfish is quite sedentary. In one tag- 

Green sunfish tolerated pH changes from 7.2 to 9.6, ging experiment, 77.8% were recaptured less than 
and from 8.1 to 6.0, at water temperatures of 17-19.5°C 1.6 km (1 mi) from the point of release, and 95.6% 

(63-67°F), with 4-9 ppm of oxygen (Wiebe 1931). At were recaptured within 16 km (10 mi) (Funk 1957). 

winter temperatures, they survived at an oxygen level This species is most active while illumination levels 
of 3.6 ppm, but died when the oxygen level was at are changing at dawn and dusk (Beitinger et al. 
1.5 ppm over a 48-hour period (Moore 1942). Green 1975). Green sunfish 7.1-9.7 cm long, stimulated by 
sunfish showed an initial decline in feeding and water draining into a pond from a discharge pipe, 
growth when exposed to concentrations of ammonia jumped to heights 10 times their body lengths and 
greater than 2 ppm (Jude 1973). When exposed to 3, leaped a horizontal distance of 0.6 m (Ellis 1974). 
7, and 15 ppm of cadmium, green sunfish exhibited When displaced, green sunfish appeared to return 
reduced food intake and growth. Cadmium elimina- to the home area more than did bluegills, pumpkin- 
tion after exposure to high concentrations for short seeds (Kudrna 1965), and largemouth bass (Hasler 
periods was complete within 60 days. Siewert (1973) and Wisby 1958). Green sunfish took less time to 
reported a complete kill of green sunfish in a pond home than the other centrarchids studied; they 
in which hydrogen sulfide had developed during started directly toward the site of capture rather than 
June. swimming in circles in a searching fashion. Hasler 

The green sunfish can stand more turbidity and silt and Wisby noted that individual green sunfish in 
than any other sunfish species except the orange- shallow ponds appeared to return in the spring to 
spotted sunfish. In several green sunfish studies high the same area occupied the previous summer. 
levels of silt turbidity did not seem to affect feeding Fifty-nine green sunfish were collected in 1971 from 
or attack behavior but did affect the social hierarchy the Rock River (Dodge County) along with the com- 
and resulted in increased scrubbing movements mon carp (66), spotfin shiner (79), fathead minnow 

against the bottom or side of the aquariums (Heim- (4), shorthead redhorse (1), black bullhead (48), 

stra et al. 1969). In clear water, one fish in a group stonecat (1), orangespotted sunfish (1), and black 
typically made almost all attacks, with attacks gener- crappie (1). 
ally ending in a chase, and it appeared as though a 
definite social hierarchy was established. Under the 
turbid conditions, attacks were less frequent, activity IMPORTANCE AND MANAGEMENT 
was reduced among the fish, and there was not as In a desert impoundment, green sunfish were the 
much indication of a social hierarchy. Horkel and major food for the largemouth bass (Biggins 1968). In 
Pearson (1976) found that an increase in the amount food preference studies (Lewis et al. 1965), channel 
of clay suspended in water resulted in increased catfish selected green sunfish after crayfish and fat- 
ventilation rates among the fish, and an overall re- head minnows. 

duction in their activity. In high turbidity, green sun- The green sunfish acts as a host to the glochidial 
fish engaged in “coughing,’—a quick, short expul- stages of a number of mussels (Hart and Fuller 1974): 
sion of water from the oral cavity, which, according Amblema plicata, Fusconaia ebena, Quadrula metanevra,
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Anodonta grandis, Anodonta imbecilis, Lasmigona com- in longear sunfish numbers was most marked. Al- 
planata, Strophitus undulatus, Actinonaias carinata, though the green sunfish is stunted in Utah and com- 
Lampsilis teres, Leptodea subrostrata, and Ellipsaria lineo- petes for both food and space with some sport fish, 

lata. Sigler and Miller (1963) concluded that it is probably 
The green sunfish bites readily on worms, grass- not detrimental enough to warrant expensive steps 

hoppers, crickets, and artificial flies, and puts up a to curtail it. 
fight about equal to that of a rock bass. Because of its The natural hybridization of green sunfish with 
small size, the green sunfish is most often caught in- other sunfish species is quite common, and is thought 
cidentally by anglers fishing for bluegills. Fishermen to result from the rarity of one of the parental species 
regard green sunfish as bait stealers. The occasional and the abundance of the other in a body of water. A 
large green sunfish which is taken makes an excellent scarcity of nesting sites may also lead to hybridiza- 
panfish. Wisconsin's fishing regulations for panfish tion (Cross 1967). Hybrids exhibit hybrid vigor in that 
from inland waters, including green sunfish, are lib- they are larger than the parents and are more aggres- 
eral; an aggregate of 50 panfish may be caught in one sive in taking anglers’ lures. According to Cross, 
day. In most boundary waters there is no bag limit on such hybrids can be produced in a pond by stocking 

panfish, except in Wisconsin-Minnesota waters where the pond with a few male bluegills and a few female 
there is a limit of 25 panfish. green sunfish. The young hybrids can then be seined 

The green sunfish has been used as an experimen- and transferred to other ponds in limited numbers to 
tal animal, since it is easily handled and makes a ensure their growth to a large size. 
good bioassay animal (Ward and Irwin 1961). Hubbs (1955) described green sunfish x pumpkin- 

Because of its small size and frequent abundance, seed hybrids in a Michigan stream, in which the hy- 
the green sunfish is often regarded as a nuisance brids constituted about 95% of the sunfish popula- 
(Eddy and Underhill 1974, McKechnie and Tharratt tion. The hybrids had migrated upstream about 8 km 

1966). Many overcrowded populations show evi- (5 mi) from a pond which held the parent species. 
dence of stunting. The largest populations of green A golden color mutation in the green sunfish has 
sunfish occur in habitats where there is little compe- been found and developed in Texas (White 1971). 

tition from other sunfish species, and since the green Called the “Texas golden green,” it is highly prolific 
sunfish is more tolerant to turbidity and siltation and reaches sexual maturity in less than 6 months. 
than other sunfishes, it tends to be favored in such Its golden color makes it extremely vulnerable to pre- 
waters. Trautman (1957) noted an increase in green dation. Studies are being conducted on its use as a 
sunfish numbers in several streams where a decrease forage fish.
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Pumpkinseed ward across cheek reaching front of eye; caudal fin 
scarcely forked. Scales ctenoid, gill covers and cheeks 
scaled. Scales in lateral line 38-43; lateral line com- 

Lepomis gibbosus (Linnaeus). Lepomis—scaled opercu- plete. Chromosomes 2n = 48 (W. LeGrande, pers. 
lum; gibbosus—formed like the nearly full moon, comm.). 
referring to the body shape. Back brown to olive; sides lighter; breast and belly 

Other common names: pumpkinseed sunfish, yellow orange to red-orange. Back and sides speckled with 
sunfish, common sunfish, sunfish, round sun- orange, yellow, blue, and emerald spots. Sides of body 

fish, punky, sunny, sun bass, pond perch, with 7-10 faint vertical bands (especially prominent 
bream. in female). Several narrow, wavy, emerald or blue lines 

alternating with orange-brown lines radiate back- 
ward from snout and eye. Opercular flap with black 
center and with a thin, light-colored margin which 
enlarges posteriorly into a halfmoon crimson spot 
(fading to white in preserved specimens). Mem- 
branes of soft dorsal, caudal, and anal fins with 

ey A rn brown pigmented spots (diffuse brown chromato- 
oO j oo ee Rens a) phores in young-of-year) but no pronounced large, 

ae 2] : a? black blotch; small faint orange to olive spots on soft 
“ ty eae dorsal and caudal fins; pectoral and pelvic fins with 

ia eel slight dark pigmentation. Young similar to adult fe- 
. male, but lacking the bright colors. 

Breeding male more brilliantly colored than fe- 

Adult 135 mm, Hilbert L. (Marinette Co.), 21 June 1966 male; breeding female exhibiting more prominent 
dark, vertical bands. 

DESCRIPTION Hybrids: Pumpkinseed =< warmouth, pumpkin- 

Body very deep, strongly compressed laterally. Length seed x green sunfish, pumpkinseed x bluegill, 
127-190 mm (5.0-7.5 in). TL = 1.26 SL. Depth into | Pumpkinseed x orangespotted sunfish, pumpkin- 
TL 2.4-3.1. Head length into TL 3.3-4.0. Mouth seed x redbreast sunfish, pumpkinseed x longear 

short, terminal, slightly oblique. Upper jaw scarcely sunfish (Childers 1967). Pumpkinseed * green sun- 
reaching front of eye, or not reaching eye; lower jaw fish, and pumpkinseed x bluegill. (Wis. Fish Distrib. 

slightly longer than upper jaw; small blunt teeth in Study 1974-1979). 
brushlike pads on upper and lower jaws, no teeth on 

tongue; lower pharyngeal arches with pads almost as DISTRIBUTION a STATUS, AND HABITAT . 
broad as long, and with a few large, low, molarlike The pumpkinseed occurs in all three drainage basins 

teeth. Gill rakers on first gill arch short and knobby, in Wisconsin and in the shallow, protected bays of 
scarcely longer than wide. Opercular flap flexible Lakes Michigan and Superior. It is widely distributed 

only at tip. Dorsal fins 2, but broadly joined and ap- throughout the state except in the unglaciated re- 
pear as 1; base of dorsal fins about 2.3 times length of gion, where its populations are disjunct. . 
anal fin base; first dorsal fin with 10-11 spines, sec- The pumpkinseed is taken occasionally in pro- 
ond with 10-12 soft rays. Anal fin with 3 spines, and tected bays in Lakes Superior and Michigan, and in 
10-11 soft rays; pelvic fin thoracic with 1 spine and 5 Green Bay. It has been reported generally in small 
rays; pectoral fin pointed, long, and when laid for- numbers from the mouths of tributary streams to 

ao Lake Superior (Moore and Braem 1965, McLain et al. 

Soe 1965). The pumpkinseed was reported from 23 of 40 
oy Waukesha County lakes sampled (Poff and Threinen 

Cae 1963). It is a common inhabitant of many ponds, 

ees lakes, and streams. The establishment of impound- 

= on ments on many creeks and rivers has created favor- 
. . , able habitats for this species. It is easily established 

Dorsal view of the pumpkinseed’s broad and heavy lower pha- . 

ryngeal arches with large, molarlike teeth (from The Fishes of TENE W ‘waters. . 

Ohio, by Milton B. Trautman [Columbus, Ohio: Ohio State Uni- In Wisconsin, the pumpkinseed was encountered 
versity Press, 1957, 519]) most frequently in cool to moderately warm waters
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which are clear to slightly turbid; it was found at small area, although Clark and Keenleyside (1967) 

depths of less than 1.5 m, over substrates of sand (28% found that pumpkinseed nests in two ponds were an 

frequency), gravel (19%), mud (18%), silt (13%), average of 60 and 54 cm apart, and were more scat- 

boulders (8%), rubble (7%), detritus (4%), clay (2%), tered than the nests of bluegills, which were 50 and 

hardpan (1%), and bedrock (1%). It occurred in 32 cm apart. In Michigan, Carbine (1939) noted that 

weedy ponds, lakes and reservoirs, and in low-gra- pumpkinseed nests occurred singly or in groups of 

dient streams of the following widths: 1.0-3.0 m two or three and that occasionally pumpkinseed nests 

(13% frequency); 3.1-6.0 m (12%); 6.1-12.0 m (9%); were found within a bluegill colony. 

12.1-24.0 m (36%); 24.1-50.0 m (20%); and more than The nest is constructed by the male pumpkinseed. 

50.0 m (11%). It is a more or less circular depression in the bottom, 

made by a fanning movement of the tail. Objects too 
large or heavy to be removed by this method are 

BIOLOGY pulled away with the mouth (Adams and Hankinson 

Pumpkinseeds spawn sometime between early May 1926). Males defend territories around their nests 

and August. C. E. Johnson (1971) noted that in Wis- with typical sunfish aggressive behavior—spreading 

consin pumpkinseeds prefer to spawn from late May of the opercula, charging, biting, chasing, and, 

to July at water temperatures of 19.4°C (67°F), on sand rarely, mouth-fighting. Pumpkinseeds maintain larger 

or gravel in shallow, warm bays. Nest building starts territories than bluegills; approaching fish of either 

when water temperatures reach 13-17°C (55-63°F). species were often attacked by nesting pumpkin- 

Nests are usually found in 0.3-0.8 m of water, and seeds when they were about 1 m from the nest (Clark 

are about 31-38 cm diam (Wis. Conserv. Com. 1958). and Keenleyside 1967). R. J. F. Smith (1970) noted 

As many as 10-15 nests may be seen together in a that prespawning aggression among male pumpkin-
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seeds failed to occur when water temperatures had gill covers and the display of his colors appear to be 
dropped to 11-13°C (52-55°F). instrumental in driving away intruders, as well as in 

While nest building is going on, female pumpkin- attracting the female. 
seeds spend most of their time in the deeper water. It has been generally assumed that the pumpkin- 
Breder (1936) noted that if a female cruised out in the seed and other sunfish relatives guard only the eggs 
vicinity of the nests she was pursued by one or more and not the young. In this connection, Breder and 
males; and that such attention usually drove the fe- Rosen (1966) cited a report of a male pumpkinseed 
male back to the inactive group of females which re- which was found tending the young in the bottom of 
mained somewhat removed from the nests. Eventu- a nest. The young were rather active, and now and 
ally, after considerable play of this kind, the female then one of them left the nest and swam up to the 
settled closer to the bottom and withstood the male’s surface. When the parent fish snapped up the stray, 
attack; in this case, the male usually began to court he appeared at first to be devouring his young; it was 
her—i.e., to drive her into his nest. Breder has de- soon discovered that each time the parent took a 

scribed this behavior (1936:30): young fish in his mouth he immediately returned to 

. . . The direction of ‘driving’ appears to be determined en- the bottom of the nest, head downward, and spat the 
tirely by the direction the pursued elects to follow. This young into the nest near the ground. Breder (1936) 
view would give the role of spawning determination to the noted that a few students have seen sunfishes trans- 
female. That is to say, the males having established them- porting their young by oral or other means, but that 
selves on a nest pursue practically anything, giving up the he has never seen such behavior himself. 
chase only when it leads far away from the nest. This view The production of Lake Wingra (Dane County) 
fuses the ‘fighting’ and ‘courting’ behavior into one, with pumpkinseeds, which were 112-141 mm TL on 31 
the behavior of the female as the determining element. May 1972, was 5,800 (4,100-7,000) eggs; the produc- 

When a gravid female enters a nest, the male and tion of 119-135-mm fish on 29 June was 4,500 
female swim side by side in a circle, making approx- (2,400-6,700) eggs (Churchill 1976). Two females 
imately 11 circuits per minute, while touching bel- from northern Wisconsin, 122 and 126 mm TL, held 
lies. During a rotation, the female inclines to one side 5,460 and 5,850 eggs in late June (G. Lutterbie, pers. 
at about 45°, and emits some eggs, and the male si- comm.). In Deep Lake, Michigan, Carbine (1939) col- 
multaneously releases sperm. According to Breder, lected 1,509 fry from one nest and 14,639 from an- 
spawning may last an hour. In an aquarium in which other. 
three females and one male were present, a spawn- Pumpkinseed eggs, which are about 1 mm diam, 
ing pair was joined by a second female, and the three are demersal and adhere to bottom objects such as 
fish attempted perhaps with success to spawn to- soil particles, small stones, roots, and sticks. Hatch- 
gether. The male was upright between the two fe- ing occurred in 47 hr at temperatures of 19.0-24.7°C 
males, which inclined on either side of him; all were (66-76.5°F) (Balon 1959); and in about 3 days at 27.8°C 

facing in the same direction. (82°F) (Breder 1936). Balon provided extensive de- 

Breder and Rosen (1966) reported that a male tails and illustrations of the embryonic development 

pumpkinseed sometimes actually operated over two of the pumpkinseed from fertilization to the 5.2-mm 
nests intermittently. Males may spawn at least twice prolarva at 157 hr. Fish (1932) described and illus- 
in a season in the same nest, with the same or with trated the 18.5-mm stage. 
other females. Young pumpkinseeds live on or near the shallow 

The male pumpkinseed guards the eggs against water breeding areas. According to Cahn (1927), they 
other fishes, and he will go so far as to bite hands leave the nest almost at once, after which no further 

and fingers held near the nest. The spreading of his parental care is displayed. Young-of-year in central 

Age and Growth (TL in mm) of the Pumpkinseed in Wisconsin 

Location 1 2 3 4 5 6 7 Source 

Bucks L. (Rusk Co.) 46 81 137 170 188 190 Snow (1969) 
Murphy Flowage (Rusk Co.) 43 69 94 119 137 155 Snow (1969) 

Lowland L. (Chippewa Co.) 51 64 79 94 97 Snow (1969) 

Flora L. (Vilas Co.) 54 79 106 128 151 171 Parker (1958) 
Flora L. (Vilas Co.)* 53 76 99 122 144 154 173 Parker (1958) 
L. Wingra (Dane Co.) 48 87 120 134 137 Churchill (1976) 
#Pumpkinseed x bluegill hybrids.
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Wisconsin lakes were 38 (28-46) mm TL in August, diet. In laboratory experiments, at a water tempera- 
and 46 (39-57) mm in September. ture of 22.7°C (73°F), the pumpkinseed digested all 

Snow (1969) suggested that there may be a higher digestible organic matter it had eaten within 22 hr 
growth rate among pumpkinseeds found in drainage (Kitchell and Windell 1968). 
lakes, where alkalinity is high, than among those The water temperature preference of small pump- 
found in seepage lakes, where alkalinity is low. kinseeds tested in the laboratory, was 31.5°C (88.7°F) 

In nature pumpkinseeds reportedly reach age X, (Coutant 1975). Reynolds and Casterlin (1977) noted 
although most do not exceed ages VI-VIII. They have that published preferred temperatures for this spe- 
lived up to 12 years in captivity (Carlander 1977). cies ranged from 24.2°C (75.6°F) to 32°C (89.5°F). 

Fast-growing males may mature at age I; others ma- Young pumpkinseeds that were found in the thermal 
ture at ages II and III. outfall of a power plant on Lake Monona (Dane 

A 454-g (1-lb) pumpkinseed was caught 15 January County) in August had body temperatures higher 
1976 from Bishop Lake (Forest County). Mackenthun than 29°C (84°F) (Neill and Magnuson 1974). In a 

(1948) reported one pumpkinseed from southern shallow Michigan pond, a 38°C (100.4°F) water tem- 
Wisconsin in the 241-251-mm (9.5-9.9-in) group. perature resulted in a large fish mortality among 

The stomachs of 24 Wisconsin pumpkinseeds, umbrid, catostomid, cyprinid, ictalurid, and percid 
50-169 mm long, contained crustaceans, rotifers, species; among the more resistant species was the 
snails, clams, flatworms, aquatic insect larvae, and pumpkinseed. In southern Canada (Hallam 1959), the 

terrestrial insects (D. Bendlin, pers. comm.). In pumpkinseed associated with rock bass and small- 

Green Lake (Green Lake County) during late sum- mouth bass at an average summer water temper- 
mer, pumpkinseeds which were 146 mm long had ature of 21°C (70°F). 
eaten insect larvae (59.5% volume), clams (6.1%), O’Hara (1968) determined that the bluegill is better 
snails (26.5%), and leeches (7.5%). In Lake Mendota adapted to higher temperatures than the pumpkin- 
(Dane County), pumpkinseeds which were 118 mm seed. In general, the pumpkinseed lives in cooler wa- 
long, had consumed insect larvae (29.3% volume), ters than other members of the genus. However, 
insect pupae (0.5%), insect adults (4.2%), amphipods O’Hara (1968) also determined that small pumpkin- 
(3%), ostracods (29.5%), snails (11%), leeches (5.9%), seeds are better adapted to warmer temperatures 

plant material (5.5%), and sand (11.1%). than larger fish, because temperature has less effect 

In Illinois (Forbes 1880), the food of nine adult on the respiratory metabolism of small fish. 
pumpkinseeds consisted of mollusks (46%), (includ- Power and Todd (1976) studied the effects of in- 
ing Planorbis, Amnicola, and Valvata), insects (20%), creasing temperatures on the social behavior of 

crustaceans (22%), and vegetation (12%); the plants pumpkinseeds in territorial groups. When subjected 
were Chara, Myriophyllum and algae. In southern to a 1°C temperature increase every other day until 
Canada (Keast 1965), fish fry and mollusks were im- they succumbed, their social behavior remained re- 

portant in the pumpkinseed’s midsummer diet. Scott markably unchanged by thermal stress until the tem- 
and Crossman (1973) reported that larval salaman- perature reached nearly lethal levels. As the tem- 
ders have been eaten by pumpkinseeds. Except for perature rose, ritualized behavior increased in 
specimens less than 70 mm long, pumpkinseeds of frequency and then fell off; behavioral and physio- 
all sizes consume more gastropods than the other logical signs of stress appeared at temperatures of 
sunfish species (Sadzikowski and Wallace 1976). This 31-38°C (88-100.4°F). 
is made possible by the pumpkinseed’s wide pharyn- The pumpkinseed has been used as a test animal 
geal arches and round, molarlike teeth, and probably to predict the ecological impact of cold shock during 
helps to minimize competition for food with other co- the winter when thermal discharges from power sta- 
habiting sunfish. tions were terminated. Becker et al. (1977), determin- 

Evidence in one study showed that the pumpkin- ing the pumpkinseed’s resistance to abrupt and to 
seed fed daily from 0500 to 0730 hr, that steady feed- gradual cold shock, found that the lower 50% mor- 
ing began about 0930 hours, and was followed by a tality temperature limit was 12.3°C (54.1°F) among 
marked acceleration in feeding between 1500 and fish acclimated to a 30°C (86°F) temperature, 9.6°C 

1730 hours (Keast and Welsh 1968). A brief period of (49.3°F) among fish acclimated to 25°C, and 4.5°C 
feeding occurred after midnight. Keast noted that the (40.1°F) among fish acclimated to 20°C (68°F). Prior to 
pumpkinseed is a diverse feeder—8-10 different death, the fish suffered from a loss of equilibrium at 
food items were present in significant volumes in its temperatures slightly higher than the lower mortality
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limit. Such fish are in a helpless state and will even- (1971) noted that many displaced pumpkinseeds re- 
tually succumb. turned to their original home range within 24 hr, and 

At a summer temperature of 26°C (79°F), the lowest that most fish tagged and released in the general area 
observed oxygen tension at which pumpkinseeds of capture showed little, if any, tendency to stray. 
survived for 24 hours was 4.3 ppm; at a temperature Forty-five pumpkinseeds were collected froma pond 
of 15°C (59°F), 3.1 ppm (Moore 1942). In southeastern on the south branch of the Popple River (Florence 
Michigan lakes (Cooper and Washburn 1949), the County) along with white sucker (1), pearl dace (2), 
pumpkinseed showed a relatively high tolerance of finescale dace (25), northern redbelly dace (58), golden 
oxygen deficiency; it survived in waters in which the shiner (319), fathead minnow (3), common shiner (4), 
oxygen level dropped to 0.2-0.3 ppm during winter blacknose shiner (695), brassy minnow (2), black 
stagnation. bullhead (2), yellow perch (6), and Iowa darter (3). 

In one study, reproductive isolation appeared to be 
complete between pumpkinseeds and longear sun- IMPORTANCE AND MANAGEMENT 
fish (Steele and Keenleyside 1971). Female pumpkin- Small pumpkinseeds form part of the food of almost 
seeds showed a preference for pumpkinseed males all predatory fishes such as basses, walleyes, yellow 
even in the absence of visual cues, but pumpkinseed perch, northern pike, and muskellunge. Even larger 
males did not discriminate between females of the pumpkinseeds and other sunfish may eat the young. 
two species in either the presence or absence of vi- Because the pumpkinseed spends much time in shal- 
sual cues. The female’s choice of a spawning partner low water, it is exposed to many enemies. It is known 
of the same species may be an important ethological to have been eaten by cormorants, mergansers, and 
isolating mechanism between these two species. It is herons (Adams and Hankinson 1926). 
probable that auditory recognition, as described by The pumpkinseed is host to the glochidial stage of 
Gerald (1971), plays some role in species isolation. the mollusks Amblema plicata and Anodonta implicata 
When equal numbers (1:1 sex ratio) of pumpkinseeds (Hart and Fuller 1974). 
and bluegills were stocked in ponds in southern On- Adams and Hankinson have suggested, with 
tario (Clark and Keenleyside 1967), no spawning be- “abundant confirmation,” that the pumpkinseed de- 
tween the two species was attempted, nor were any stroys mosquito larvae. 
hybrids found in the large numbers of yearling and Although the pumpkinseed has been termed the 
2-year-old offspring. The biologists determined that “small boy's fish,” it is sought by adult anglers as 
behavioral isolation through the visual recognition of well. It can be caught by still-fishing methods with 
mates of the same species was probably the major worms, grasshoppers, and other small, live baits, but 
barrier to hybridization. it also responds to small dry flies, to poppers, or to 

Observations by scuba divers have disclosed that standard wet fly trout patterns. It is caught during 
juvenile pumpkinseeds travel in abundant and loose the day, and especially in late afternoon. Its flesh is 
schools in shallow water (0.5—-0.1 m) in areas of white, flaky, sweet, and delicious. 

emergent water plants (Emery 1973). The young In Escanaba Lake (Vilas County), the total sport 
swim near the surface. Adults, however, are found fishery harvest of pumpkinseeds from 1946-1969 was 
in deeper water over rocky or plant-covered sub- 138,338 fish weighing 11,140 kg (24,559 Ib) (Kempin- 
strates, and only rarely school. Adults are often ob- ger et al. 1975). Pumpkinseeds ranked second in the 
served in pairs or in small aggregations of three or number of fish caught; they constituted 36.3% of the 
four individuals. total numerical catch, and a third (17.8%) of the total 
Pumpkinseeds are active by day. At dusk they weight. The pumpkinseed population in Escanaba 

move toward the bottom, where they rest. Resting Lake, based on fish 114 mm long and larger, was es- 
areas are usually in interstices of rocky cliff areas or timated at 52,000 in 1959; too few were taken, how- 

near fallen logs. Emery noted that pumpkinseeds be- ever, to provide estimates from 1966 through 1969. 
come pale and barred at night. Pumpkinseeds comprised 1.5%, 8.0%, and 3.4% of 

There is evidence that the pumpkinseed is a hom- the total catches from Black, Oak, and Laura lakes 
ing fish. In an Iowa study, 64% of the displaced (Vilas County) from June through August 1970 (Serns 
pumpkinseeds had homed (Kudrna 1965). A greater and McKnight 1974). In Murphy Flowage (Rusk 
percentage of large fish homed than small fish. Ac- County), the total harvest of pumpkinseeds from 1955 
cording to Kudrna, pumpkinseeds, when displaced to 1970 constituted 1.9% of the total fish catch by 
in a new territory, initially spent time moving in number and 1.4% by weight (Snow 1978). 

circles as if searching for familiar landmarks. Reed In Wisconsin, the regulations for taking panfish,
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including the pumpkinseed, from inland waters are Wingra in 1973 was 668 kg/ha; it consisted of pump- 
liberal. An aggregate of 50 panfish may be caught in kinseeds (14 kg/ha), bluegills (503 kg/ha), white crap- 
one day. In most boundary waters there is no bag pies (56 kg/ha), black crappies (20 kg/ha), and yellow 
limit on panfish, except in Wisconsin-Minnesota wa- bass (75 kg/ha). 
ters, which have a limit of 25. In waters which are overpopulated with pumpkin- 

The pumpkinseed is undoubtedly among the most seeds, stunting is a problem. The thinning of such 
strikingly colorful and beautiful of Wisconsin fishes. populations either by mechanical means or by partial 
Jordan and Evermann (1923) called it “a very beauti- poisoning may help, although biological controls in 
ful and compact fish, perfect in all its parts, looking the form of fish predators may provide a more satis- 
like a brilliant coin fresh from the mint.” It makes an factory solution. When the numbers of bluegills, 
interesting and attractive aquarium fish. pumpkinseeds, and their hybrids were reduced in 

In Lake Wingra (Dane County), the estimated bio- Flora Lake (Vilas County) by netting operations, all 
mass (kg/ha) of pumpkinseeds during 1972-1974 responded favorably with an increase in the linear 
ranged from 3 to 4 for juveniles and from 4 to 11 for rate of growth, and the pumpkinseeds showed an in- 
adults (Churchill 1976). The total biomass of Lake crease in weight at all lengths (Parker 1958).
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Longear Sunfish 10-11 soft rays. Anal fin with 3 spines, and 9-11 soft 
rays; pelvic fin thoracic with 1 spine and 5 rays; pec- 
toral fin short, bluntly pointed to rounded, and when 

Lepomis megalotis (Rafinesque). Lepomis—scaled oper- laid forward across cheek barely reaching posterior 

culum; megalotis—great ear, in reference to the edge of eye; caudal fin slightly forked. Scales ctenoid, 

prominent opercular flap. in lateral line 34-38; lateral line complete. Chromo- 

Other common names: northern longear, Great Lakes somes 2n = 48 (W. LeGrande, pers. comm.). 

longear, longear, blue and orange sunfish, Back olive to rusty brown; sides lighter; breast and 
pumpkinseed. belly yellow to orange-red. Back and sides with specks 

of yellow, orange, emerald, and blue; 8-10 vertical 
bars conspicuous to absent. Cheeks orange with wavy 

y blue streaks radiating back from mouth and eye. Ear 
flap black, narrowly edged with pale red to yellow 

a : (white in immature and all preserved specimens). 
cs 2, ae Dorsal and anal fins olive, often with rusty orange 

y Pes wash; in preserved specimens, soft dorsal fin with 
ae Ae 9s Ris —d parallel rows of light dots. Pectoral fins clear to lightly 

x : aff gids = pigmented. 
’ ae ic Breeding male iridescent green above and bright : Mes = ical fi sa orange below; the vertical fins a deep rusty orange, 

and the pelvic fins blue-black. Scale pockets with dark- 
pigmented crescents pointing anteriorly. Breeding 

. females less brilliantly colored. 
Adult male 94 mm, Milwaukee R. (Ozaukee Co.), 2 Aug. 1963 Hybrids: Longear Sdnfish. x orangespotted suns 

fish, longear sunfish x green sunfish, longear sun- 
fish x bluegill, and longear sunfish x pumpkinseed 
(Childers 1967). 

SYSTEMATIC NOTES 
’ 4 2, The Wisconsin form is Lepomis megalotis peltastes 

Aare a e , 2 (Cope), the northern longear sunfish. L. m. megalotis 
Sigg je Pa By m4 3 (Rafinesque), the central longear sunfish, is distrib- 

. i, —_ uted south of the Lake Erie—Ohio River divide to 

i ES Louisiana (Trautman 1957). The northern longear 
~S sunfish differs from the central longear sunfish by 

having an ear flap which usually extends upward at 
a 45° angle, rather than almost horizontal to the body 

Adult female 80 mm, Milwaukee R. (Ozaukee Co.), 2 Aug. 1963 axis; by having a single large, reddish spot in the 
white border of the ear flap, rather than several small 

DESCRIPTION reddish spots; and by reaching a length of about 100 
Body deep, strongly compressed laterally. Length mm, compared to 230 mm. 
71-94 mm (2.8-3.7 in). TL = 1.26 SL. Depth into TL 
2.4-3.0. Head length into TL 2.7-3.4. Mouth moder- DISTRIBUTION, STATUS, AND HABITAT 
ately large, oblique, with jaws of equal length. Upper The longear sunfish occurs in three widely separated 
jaw reaching pupil of eye; conical, pointed teeth in distribution centers in southeastern, eastcentral, and 

brushlike pads on upper and lower jaws, no teeth on northwestern Wisconsin within the Mississippi River 
tongue; lower pharyngeal arches narrow, with pointed and Lake Michigan drainage basins. It has not been 
teeth. Gill rakers on first gill arch short, thick, knob- reported from the Lake Superior basin. In Wisconsin, 
like (about as long as wide), and crooked. Opercular the longear sunfish is near the northern limit of its 
“ear flap” flexible and often much elongated in distribution. 
adults. Dorsal fins 2, but broadly joined and appear Specimens examined (numbers of individuals in 
as 1; base of dorsal fins about twice the length of anal parentheses): UWSP 862 (32) Milwaukee River at 

fin base; first dorsal fin with 10 spines, second with Saukville and Waubeka (Ozaukee County), 1963;
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UWSP 4607 (2) East Branch Rock River (Washington longear sunfish in the Milwaukee and lower Root 

County), 1971; UWSP 5009 (1) Fox River (Brown rivers may have resulted from crossovers from the 

County), 1973; UWSP 5561 (1) Little Lac Court Des Plaines and Illinois-Fox rivers at high water, or 

Oreilles (Sawyer County), 1976; and UWMZ 4373 by means of stream capture, probably the former. Its 

Pensaukee River (Oconto County), 1957. presence in the headwaters of the upper Fox, in the 

The Wisconsin Fish Distribution Study (1974-1978) Wolf River system, and in the Suamico River near its 

reported: (4) Lac Court Oreilles (Sawyer County), mouth indicates its probable dispersal into these wa- 

1968; (6) Pensaukee River (Oconto County) 1975; and ters by means of the glacial Fox connectives. Its oc- 

(7) West Branch Milwaukee River (Fond du Lac currence in the mouth of the Ahnapee River (upper 

County) 1978. Greene's (1935) mapped records are all Kewaunee County) indicates its possible derivation 

indicated by large open circles on my map. Seeburger from glacial Lake Oshkosh during a later stage, when 

(1975) reported the longear sunfish from Mukwo- that lake drained into Lake Chicago. 

nago River below Phantom Lake (Waukesha County) According to Gerking (1953), the longear sunfish 

1972. Other reports: M. Johnson and J. Weckmiller is a very abundant, if not the most abundant, cen- 

(pers. comm.), Mukwonago River below the dam in trarchid fish in smaller midwestern streams. How- 

Mukwonago (Waukesha County), 1968; C. Norden ever, its numbers have decreased in large Ohio 

(pers. comm.) (6) Milwaukee River at Saukville streams as a result of its intolerance of turbid condi- 

(Ozaukee County), 1966; R. Heizer (pers. comm.) tions (Trautman 1957). In recent years it has been 

(12) Little Suamico River (Oconto County), 1974; eliminated from the Root River (Racine County), the 

Mraz (1960) (6) Lake Geneva (Walworth County), lower Milwaukee River (Ozaukee and Milwaukee 

1958. counties), the East Branch of the Rock River (Wash- 

Greene (1935) suggested that the presence of the ington County), and at least some sectors of the Illi-
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nois-Fox and Des Plaines rivers (Walworth, Racine, appears to nest in small colonies of 5-13 nests which 
and Kenosha counties). The population from the East are from a few cm to about 0.3 m apart (Hankinson 
Branch of the Rock River (Washington County) was 1920, H. C. Miller 1963), although colonies of several 

lost through the use of antimycin in a massive carp hundred nests are known (Keenleyside 1972). Often 
control project; unfortunately, no attempts were made the nests within the colony are so close together that 
to salvage this longear sunfish population. The their rims nearly touch. Nests are approximately 0.5 
population losses in other locales were undoubtedly m diam, and more or less circular, but some nests are 
caused by the effects of serious soil erosion and tur- irregular in shape and difficult to discern except for 

bidity. the attending fish (Hankinson 1920). 
Wisconsin accords the longear sunfish threatened The male longear is highly territorial, and although 

status (Wis. Dep. Nat. Resour. Endangered Species a guarding male aften chases intruders through the 
Com. 1975, Les 1979). Many sports fishermen con- territories of other males, the territory itself appears 

fuse this species with the common pumpkinseed, and to include only the immediate nest area and the 
there appears to be little protection afforded to the space above the nest to approximately 1 m (Boyer 
longear by the fishing regulations. Perhaps the best and Vogele 1971). A territorial male defends a nest 
way to ensure its protection is to establish a suitable from individuals of his own and of other nonpreda- 
refuge in a sector of a stream already containing size- tory species of fish, but does not defend it from such 
able populations (e.g., the Saukville to Waubeka sec- surface-feeding fishes as the blackstripe topminnow. 
tor of the Milwaukee River). Since the longear sun- When a largemouth bass 46 cm long approached one 
fish is a sedentary species that seldom moves beyond longear nest for an instant, the sunfish turned to- 
a home range of 30-60 m, a refuge of a few kilome- ward the intruder as if to challenge him, but then 
ters of stream would appear to be adequate. abruptly turned and fled, seeking the meager cover 

The longear sunfish usually inhabits streams of offered by a small, dead branch (Witt and Marzolf 
clear, shallow, nearly still, and moderately warm 1954). Within seconds after the bass had left the vi- 
water, in or near areas of aquatic vegetation. In its cinity, the longear was back in its own nest. 
habitat in the Milwaukee River 1 km above Saukville, Boyer and Vogele have called attention to lateral 
the stream is 18-24 m wide, has an average depth of threat displays which occur between male longear 
0.3 m (greatest depth 0.5 m), and a bottom composed sunfish near spawning colonies and between males 
of rubble, gravel, and some sand. The water is clear, guarding adjacent nests. A weak lateral display was 
and moderate amounts of aquatic vegetation are seen when a spawning female quickly spread and 
present. At Waubeka, where the river forms a pond- folded the dorsal spines upon reentry of a male who 
like widespread, the rocks, boulders, and rubble are had chased excess females from the nest. According 
overlaid with a thin layer of silt. Occasionally the to Boyer and Vogele, the frontal threat, in its various 
longear sunfish occurs in lakes. forms, is the most frequent type of aggressive behav- 

ior among longears, and particularly common and 
vigorous during reproductive activities (p. 22): 

BIOLOGY ; . 
In Wisconsin, the longear sunfish probably begins to . . The longest displays were by males on adjacent nests. 
spawn in June and is known to spawn in early Au- Each male spread his fins except the spiny dorsal fin and 

: i pn made alternate short thrusts forward followed by backing 
gust. At the same latitude in Michigan, spawning into a lateral position. While the male was in the lateral 
occurs from late June to August when water position, the rayed portion of his dorsal fin often was quiv- 
temperatures are 23.3-25°C (74-77°F) (Hubbs and ered repeatedly; this appeared to be an intention move- 
Cooper 1935). Spawning has been reported in late July ment for the thrust which soon followed. 
in Kansas, when temperatures were as high as 30.5°C 
(87°F) (Cross 1967). Aggressive encounters with contact, especially in 

The male longear sunfish builds the nest in gravel, the early nest building phase, probably account for 
if it is available; otherwise the nest is built in sand or superficial injuries observed on guarding males. In 
hard mud. Males construct their nests by a sweeping one Boyer and Vogele study, the rayed portion of the 
action of the tail similar to that of nest-building blue- dorsal fin of nearly every guarding male had been 
gills (H. C. Miller 1963). split, and many other males had portions of their 

Nests may be built in water 0.2-3.4 m deep, al- fleshy opercle lobes torn away. Among even-aged 
though they are most frequently reported at 0.25-0.36 longear sunfish raised in the laboratory, there was 
m (Boyer and Vogele 1971, Adams and Hankinson less extreme aggression, and no injuries to either 
1926, Witt and Marzolf 1954). The longear generally males or females (W. E. Smith 1975). On the other
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hand, Miller (1963) reported that longear females Interruptions known as intrusions sometimes oc- 
were killed by continued male attacks, especially cur at the height of spawning. Keenleyside (1972) de- 
when the fish were confined in small aquariums. termined that the main function of nest intrusion by 
When single male longear sunfish in aquariums females is to eat eggs; males apparently intrude to 

were presented simultaneously with two female sun- fertilize the eggs in another male’s nest. 
fish (one a longear female, and either a pumpkinseed Spawning sessions reported by Boyer and Vogele 
or a bluegill female) the nesting male longears (1971) usually ended immediately following a spawn- 
courted females of their own species more vigorously ing movement, with the female darting from the nest 
than they did those of the other species (Keenleyside and the male chasing her. A female leaving one nest 
1972). The longear males were generally more ag- after only a few spawning movements often went im- 
gressive toward longear females than toward bluegill mediately to another nest to spawn. Two or more fe- 
females but were equally aggressive toward their males were often present in one nest at the same 
own and pumpkinseed females. Gerald (1971), in time, and two females were frequently observed cir- 
preliminary experiments on the courtship sounds cling on the inside of a single male. The male usually 
produced by nesting males, noted that both male and forced out one of the females (usually the female far- 
female longear sunfish responded by swimming to- thest on the inside), and thus limited the occupancy 
ward such calls, at least during spawning. Male long- of the nest to only one female at a time. From 7 to 20 
ear sunfish were induced to court and call to dead eggs are emitted in one spawning movement. 
females that were manipulated on a string. Immediately after the female leaves, the male be- 
When female longear sunfish were seen entering a gins to fan the nest. At first he maintains a normal 

nesting colony, the males began leading. Leading in- attitude over the center of the nest while he moves 
volved spreading the fins (except the spined portion his paired fins and his caudal peduncle rapidly. He 
of the dorsal fin, which was only sometimes spread then assumes a vertical posture over the nest, stand- 
briefly), swimming straight toward a female, and ing on his tail; in this position he fans the nest vig- 
then returning directly to the nest (Boyer and Vogele orously enough to dislodge small pebbles. Witt and 
1971). If a female followed a male into his nest area, Marzolf (1954) assumed that the first method of fan- 

the male swam in a descending spiral toward the bot- ning insures a complete mixing of sperm and eggs, 
tom, with one side tilted inward toward the side of and possibly cleans the eggs of excess sperm, and 
the female. that the second method of fanning drives the eggs 

A spawning or prespawning female sometimes deep into the interstices between the large pebbles, 
made peculiar movements upon entering a nest, be- where they are probably more protected from preda- 
fore she began to circle with a male: she bit the sub- tors. 
strate, then turned on one side and darted away. Hankinson (1920) observed a longear nest from 
When turned on her side, the female’s back was di- which the sunfish had been driven away and which 
rected either toward or away from the pursuing had been entered by bluntnose minnows, redfin 
male. At other times, a female entered a nest, bit the shiners, and stoneroller minnows. The stonerollers 
substrate, and immediately began to circle with the were seen consuming sunfish eggs. Longear sunfish 
male (Boyer and Vogele 1971). eggs are also eaten by hog suckers, white suckers, 
Spawning in a longear sunfish colony typically in- and redhorse suckers (Keenleyside 1972). Boyer and 

creases in frequency during the day, and peak activ- Vogele (1971) observed defending male longear sun- 
ity occurs in the afternoon when water temperatures fish feeding in or adjacent to their nests, and even 
are at their peak. Spawning details have been given consuming eggs from their own nests. 
by Witt and Marzolf (1954:189): Longear sunfish eggs are demersal and adhesive, 

and may become attached to the roots of plants after 
. .. The male circled within the 8-inch center of the nest, the plants have been cleaned of bottom mud (Breder 
always keeping the female between him and the center of 1936). In the Milwaukee River on 1 August 1963, an 
the nest. They circled within the nest both clockwise and age-II, gravid female (75 mm, 9.5 g) with ovaries 12% 
counter-clockwise, the direction dependent upon how the of body weight, held an estimated 745 eggs, 1.3 mm 
male reentered the nest after chasing an intruder. The male di A Tl f 1 A 

ae : a 5 iam. An age-III female (93 mm, 18.99 g) had ovaries 
always remained in an upright position, while every 10 to 13.4% of bod ich d held imated 1,620 
15 seconds the female would roll on her side, to within 20 ee LO of boy WEIE, t, ani fe. an estimated 1, 

degrees of the horizon, and bring her vent in close prox- TIpe eggs; a few immature, white eggs were present 

imity to his. This posture lasted only 2 seconds, during in various sizes up to 0.7 mm diam. 

which time both fish shuddered, the female more violently The number of longear sunfish eggs found in 12 

than the male. nests varied from 137 to 2,836; the number of larvae
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varied from 52 to 1,132 (Boyer and Vogele 1971). Ta- aquatic insects (64.7% volume and mostly midge- 
ber (1969) illustrated developmental stages from 6.0 flies), fish eggs (15.4%), terrestrial foods (7.7%), de- 

to 19.0 mm. Hatching occurs in 3-5 days, although tritus (4.9%), microcrustacea (4.2%), mollusks (0.8%), 

in the laboratory, at 25°C (77°F), embryos hatched in bryozoans (0.7%), filamentous algae (0.7%), fish 
2 days, and swim-up and feeding began 7 days later (0.7%), and mites (0.2%). Fish 102-201 mm long ate 
(W. E. Smith 1975). In nature, larvae left the nest as aquatic insects (42.1% volume, and mostly midge- 
each clutch developed, rather than all at one time. flies), terrestrial foods (18.6%), fish (12.0%), detritus 
Boyer and Vogele (1971) noted that the lengths of 70 (12.0%), fish eggs (10.8%), malacostracans (3.1%), 
advanced larvae collected from one nest were 5.8-7.5 microcrustacea (1.0%), bryozoans (0.3%), and mol- 

mm; the average length was 6.9 mm. Males often lusks (0.1%). Large longear sunfish also ingested 
continued to guard the nest even after the last larvae moderate to heavy quantities of young bass in May, 
had emerged (Huck and Gunning 1967). In October, and newly hatched sunfish in June. In a Kentucky 
the young are 20-56 mm TL (Trautman 1957). study (Lotrich 1973), fish were the principal food of 

Longear sunfish from the Milwaukee River (Ozau- longear sunfish. 
kee County), collected 1 August 1963, showed the Longear sunfish apparently feed more extensively 
following growth: at the surface of the water than some other sunfishes. 

Mature insects constitute a large percentage of their 
TL Calculated TL at Annulus food. On two occasions longears were observed fol- 

Age No. of om eae Mt, lowing hog suckers and feeding on organisms that 
classed Avg Range ie 38 the suckers stirred up (Huck and Gunning 1967). 

! 14 65.5 52-73 30.1 Gerking (1952) determined that young longear sun- 
: 3 aoe ayes 74 fae He fish used about 33% of the protein that they con- 
Iv 2 99.0 96-102 32.0 55.0 75.0 92.0 sumed for growth, but that the oldest longear sun- 

fish (105 g) used only 5% of the available protein for 
_fvaliwetained) 8S EB 820 prowtht, 

A number of behavioral characteristics of the long- 
In southern Michigan (Hubbs and Cooper 1935), ear sunfish have been observed by researchers. H. C. 

the calculated lengths at the annuli (sexes combined) Miller (1963) referred to the longear sunfish species 
were: 1—44 mm; 2—57 mm; 3—73 mm; 4—78 mm; as “quite timid” though not as timid as the orange- 
5—111 mm; and 6—105 mm. Growth in males was spotted sunfish. The comfort movement most fre- 
slightly greater than in females. Hubbs and Cooper quently observed among longear sunfish was chaf- 
have discussed the validity of the spawning mark in ing, during which the fish brushed their sides or 
this species. Aging of the longear is by scale analysis. bellies along the substrate or a protruding stick 
Relatively few longear sunfish live to be older than 4 (Boyer and Vogele 1971). Convulsive coughing oc- 
years; but in Michigan one fish was found to be ap- curred occasionally in individuals that were rapidly 
proximately 9 years old. eating eggs from a nest; such coughing resulted in 

At Wisconsin’s latitude, maturity begins at age II. the ejection of gravel from the mouth. Observers 
According to Hubbs and Cooper, however, occa- have reported that longear sunfish become inactive 
sional large yearling longears in scattered localities at night, although surface feeding has been observed 
may mature soon enough to spawn in their second under bright moonlight in late summer. In intense 
summer. darkness the fish rested on the bottom with their pel- 

Of 1,129 longear sunfish collected in Michigan, the vic fins and the forward parts of their bodies, (from 
majority were from 53 to 89 mm long; the largest was the midventral line to the chin) touching the sub- 
about 140 mm (5.5 in). A 115-mm fish (UWSP 4607), strate; the pectoral fins were spread at right angles to 
collected from the East Branch of the Rock River their bodies. 
(Washington County), is the largest Wisconsin speci- The typical home range of the longear has been es- 
men known. Trautman (1957) reported a maximum timated to be from 30 m to no more than 60 m of 

size of 236 mm (9.3 in) and 284 g (10 oz). stream (Gunning 1965, Gerking 1953). In one study, 
In northern Arkansas (Mullan and Applegate 1968), the majority of longear sunfish that were displaced 

longear sunfish up to 48 mm long consumed aquatic to a new location migrated back to their original 
insects (49.5% volume, mostly midgeflies), micro- home. Gunning (1959) presented evidence to show 
crustaceans (41.2%), fish eggs (9.1%), and terrestrial that blinded longears are able to return to their home 
foods (0.1%). Longears 51-99 mm long consumed range as quickly and accurately as fish not visually
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impaired; he concluded that blind fish apparently (77), rosyface shiner (25), spotfin shiner (5), sand 
recognize the home area by a characteristic odor or a shiner (32), redfin shiner (5), black bullhead (1), 

combination of odors. Olfaction is probably more im- blackside darter (1), logperch (1), johnny darter (1), 
portant than vision in the homing ability of the long- smallmouth bass (1), pumpkinseed (3+), and rock 
ear sunfish. bass (5). 

During the winter in Louisiana, at least some 
longear sunfish desert their home ranges. Only about IMPORTANCE AND MANAGEMENT 
one-third of the fish marked in the summer range In Wisconsin, the longear sunfish is too small to be 
were taken in the same section during the winter considered a food fish for man, and its populations 
(Berra and Gunning 1972). In Arkansas during March, are too sparse to be of much importance as food for 
longear sunfish were seen hiding singly or in small other fishes and animals; nor is it abundant enough 
groups under rocks or stumps on the bottom, but as anywhere in the state to be a serious competitor of 
the water warmed they became more active; aggre- other fishes. Worms, grasshoppers, and small min- 
gations of fish dispersed when the water temper- nows are good natural baits. 
ature reached 17.8°C (64°F) (Boyer and Vogele 1971). The longear sunfish adjusts well to captivity. It is 
The longear has been found at water temperatures not susceptible to injury from handling, is not un- 
up to 37.8°C (100°F) (Proffitt and Benda 1971). duly aggressive, and appears to be a promising spe- 

In a Missouri movement study, 70% of the recap- cies for use as a laboratory test fish (Ward and Irwin 
tured longear sunfish had made no movement, 20% 1961, W. E. Smith 1975). In the laboratory, W. E. 
had moved downstream, and 10% had moved up- Smith was able to get this species to spawn, to raise 
stream (Funk 1957). the young to maturity in 22 weeks (males 10-12 cm, 

Hallam (1959) found that longear sunfish in south- females 7-9 cm), and to produce successive genera- 
ern Ontario commonly associated with rock bass and tions under conditions of long photoperiod and a 
smallmouth bass at an average water temperature of water temperature of 25°C (77°F). The adults contin- 
21°C (70°F). The longear avoids association with ued to spawn with regularity every 6-10 days for 14 
coldwater mottled sculpins and brook trout, having months. 

been taken only once with the latter. In Bull Shoals, Arkansas, where the longer sunfish 
In Illinois, the longear sunfish is a frequent com- has become the predominant sunfish, it is a highly 

panion of the green sunfish (Forbes and Richardson successful competitor, and production in 1968 was at 
1920). In the Milwaukee River at Saukville (Ozaukee 45.8 kg/ha (41 Ib/acre) (Boyer and Vogele 1971). In 
County), 29 longear sunfish were taken with these Jordan Creek, Illinois, 2,015 longear sunfish weighed 
species: golden redhorse (3), largescale stoneroller 38.6 kg, compared to 32.8 kg for 369 smallmouth bass 
(16), hornyhead chub (5), creek chub (2), bluntnose and 108.2 kg for 32,361 minnows collected from the 
minnow (3), common shiner (151+), striped shiner study areas (Durham 1955a).
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Orangespotted Sunfish of head and belly yellow to white. Back and sides 
with up to 7 broad, dark bands; orange spots on sides 
of head and body; black spot on ear flap, margined 

Lepomis humilis (Girard). Lepomis—scaled operculum; with white. Vertical fins usually not mottled, but 
humilis—humble, insignificant. broadly margined with red-orange in life. Female: 

Other common names: orangespot, redspotted sun- head and body brown, no orange. Soft dorsal fin and 

fish, dwarf sunfish, pigmy sunfish, pumpkin- caudal fin base mottled with brown spots; paired fins 
seed. largely unpigmented. This species provides an excel- 

lent example of sexual dichromatism in central North 
American fish; the males are more brilliantly colored 
than the females. 

Breeding male brilliantly colored, with conspicu- 
ous orange-red spots, orange fins; and orange-red eye; 

~ gar anterior pelvic fin and entire anal fin margined with 
Oe. Oy pee ' ee black. / 
ee Ce CR ae ees rs Hybrids: Orangespotted sunfish x green sunfish, 

© 3k af orangespotted sunfish x bluegill, orangespotted 
a s en . : sunfish x longear sunfish, and orangespotted sun- 

: fish x pumpkinseed (Childers 1967). 

DISTRIBUTION, STATUS, AND HABITAT 

Adult 107 mm, Pecatonica R., above Mifflin (lowa Co.), 15 Aug. In Wisconsin, the orangespotted sunfish 1s known 
1962 only from the Mississippi River drainage basin. 

Greene (1935), who collected in the late 1920s, re- 

DESCRIPTION corded it at several locales from the Mississippi River 
Body moderately deep, compressed laterally. Average upstream to the Victory-Genoa sector (Vernon County); 
length 51-76 mm (2-3 in). TL = 1.25 SL. Depth into his only other collection came from the Galena River 
TL 2.8-3.5. Head length into TL 2.8-3.3. Mouth small, (Lafayette County), almost on the Illinois line. The 

oblique. Upper jaw reaching to front of eye; lower literature report from the headwaters of the Fox River 
jaw slightly longer than upper jaw; conical, pointed at Lannon (northeastern Waukesha County) was sup- 

teeth in brushlike pads on upper and lower jaws, no plied by Cahn (1927). Since the late 1920s, the 

teeth on tongue; lower pharyngeal arches narrow, orangespotted sunfish has infiltrated the lower Wis- 
with short, pointed teeth. Sensory head pores greatly consin River basin, the Sugar and Rock river basins, 
enlarged, especially those above the upper lip and the Mississippi River upstream to its junction 
groove—more so than in any other species of Le- with the St. Croix River. 
pomis. Sensory pits (2 depressions in skull between The orangespotted sunfish, probably more than 
eyes) larger than in any other sunfish, the width of most species, has extended its range in recent years, 
each pit about equal to distance between the pits. Gill and, considering its habitat needs, will probably con- 
rakers on first gill arch blunt and straight, the long- tinue to extend its range northward. The orangespot- 
est 3-4 times longer than wide. Opercular ear flap ted sunfish is found in soft-bottomed pools, and it is 
prominent, often elongate, flexible. Dorsal fins 2, but tolerant of silt and some pollution. The extension of 
broadly joined and appear as 1; base of dorsal fins its range is promoted by the tilling and clearing of 
about 2 times length of anal fin base; first dorsal fin land. 
with 10-11 spines, second with 10 soft rays. Anal fin The orangespotted sunfish is uncommon to com- 
with 3 spines, and 8-9 soft rays; pelvic fin thoracic mon in Wisconsin. Its status appears to be secure, 
with 1 spine and 5 rays; pectoral fin rounded to although in Illinois, where the habitat seems to be 
bluntly pointed, and when laid forward across cheek increasing, there has been evidence of a decline in its 
reaching to about anterior edge of eye; caudal fin numbers in some areas (P. W. Smith 1968). 
scarcely forked. Scales ctenoid, gill covers and cheeks In Wisconsin, the orangespotted sunfish was en- 
scaled. Scales in lateral line 36—41; lateral line com- countered most frequently in turbid water, over sub- 

plete. Chromosomes 2n = 44-46 (W. LeGrande, pers. strates of mud (31% frequency), gravel (22%), clay 

comm.). (16%), sand (13%), silt (6%), rubble (6%), and boul- 

Male: back olive, sides lighter, and ventral region ders (6%). It was found in sloughs, in backwater
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lakes, and in sluggish streams down to 5 m in width, built in colonies. In a freshly drained Iowa pond, 

in waters supporting a scanty to moderate amount of some 960 nests were counted along a bank that was 
vegetation. 111 m long; the nests had been excavated through an 

8-10 cm deposit of mud until a solid bottom of gravel 
BIOLOGY had been exposed. In Kansas, Cross (1967) reported 

Spawning at Wisconsin’s latitude occurs from late that males of this species defended individual terri- 
May to August. It begins when water temperatures tories of 30-60 cm diam. When frightened from their 
reach about 18.3°C (65°F), and continues at temper- nests, several males may move together into deep 
atures of 23.9-31.7°C (75-89°F) in water depths of water before returning, seconds later, to their respec- 
10-61 cm. The nest of the orangespotted sunfish is tive breeding territories. 
similar to the nests of other sunfishes, but somewhat Breeding behavior has been described by Barney 
smaller—15-18 cm diam, and 3-4 cm deep. Accord- and Anson: “The two fish after much maneuvering 

ing to Barney and Anson (1923), the nest is con- and occasional splashing come to a position with the 
structed by the male, which, by powerful pushes bellies touching each other, whereupon the eggs and 
with his head, and “by flirts of the tail, combined sperm are delivered.” The females leave the nest after 

with active trembling of the fins, removes the smaller spawning, while the male remains on the nest until 
pebbles and lighter sand from a bowl-shaped pocket.” the eggs have hatched. 
The nest is circular, or nearly so. The following ac- In central Missouri (Pflieger 1975), the red shiner 
count of nesting and spawning behavior is derived and redfin shiner have been observed spawning over 
from Barney and Anson (1923) unless indicated oth- nests of the orangespotted sunfish. 
erwise. The number of eggs produced by orangespotted 

The nests of the orangespotted sunfish are often sunfish is a function of the size of the female. A 105-
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mm female held 4,700 eggs (Barney and Anson 1923). In the stomachs of 11 Wisconsin orangespotted 
In southern Wisconsin (G. Lutterbie, pers. comm.), sunfish, D. Gaudet (pers. comm.) reported insect 

on 27 June, a 57-mm female held about 795 eggs; and larvae (Trichoptera, Ephemeroptera, Plecoptera, Odo- 

in mid-July, fish 64- and 69-mm long held an esti- nata, unidentifiable parts), crustaceans (Daphnia, cope- 
mated 718 and 1,159 eggs respectively. The transpar- pods, Gammarus), mites, and ctenoid fish scales. In 

ent, amber eggs are about 0.5 mm diam. They are Illinois (Stegman 1969), 28 orangespotted sunfish had 
slightly adhesive, and cling to stones, pebbles, and eaten crustaceans, aquatic insects, and dipterous 
sand grains on the floor of the nest, where they are larvae as primary foods. In 41 stomachs from Iowa 
continually fanned by the quivering fins of the male. fish, Kutkuhn (1955) found that insects (Trichoptera, 
Occasionally the male leaves the nest to fight off in- Ephemeroptera, Diptera, Homoptera, Hemiptera) 
truding males intent on feeding on the eggs; at such constituted 87% of the volume of food, crustaceans 
times the eggs are vulnerable to predation by min- (Eucopepoda, Cladocera) 8% and Hydracarina 4%; he 
nows (e.g., red shiners), which will instantly swarm also found traces of algae and debris. In another Iowa 
into an unguarded nest (Cross 1967). Barney and An- study (Harrison 1950), stomach contents were al- 
son also observed darters and spottail shiners raiding most 100% aquatic insect remains, but part of a but- 
nests when the orangespotted sunfish males were terfly and a terrestrial beetle were also observed. 
engaged in fighting off their own kind. Barney and Anson agreed that the orangespotted 

Orangespotted sunfish eggs hatch in 5 days at sunfish feeds primarily on crustaceans and insect 
water temperatures of 18.3-21.1°C (65-70°F). In Wis- larvae, but they reported that it occasionally eats small 
consin, the growth of young-of-year has been re- fish; a 75-mm orangespotted sunfish had eaten two 
ported as follows (G. Lutterbie, pers. comm.): small individuals of its own species. 

The orangespotted sunfish is able to tolerate low 
tei levels of dissolved oxygen. Gould and Irwin (1962) 

Date ae "Ava Rande . reported that this species had the ability to withstand 
g ange Location " 8 

TiSepti971~~67-<30.-19-41”- Rook R, Wetferson Co) oxygen concentrates of 1.7 ppm without sustaining 

19 Sept. 1971 16 34 26-40 Rock R. (Jefferson ca) casualties. The majority of the orangespotted sunfish 
27 Sept. 1970 20 3731-45 Rock R. (Rock Co.) tested in another study tolerated rapid changes of 

GS ee pH, from 7.9 to 9.2, and from 8.1 to 6.0, when the 
On the Mississippi River near Fountain City (Buf- dissolved oxygen was 8 ppm (Wiebe 1931). Wiebe ob- 

falo County), the average calculated lengths at the served this species spawning in water at pH 9.3. 
annuli were: 1—28 mm, and 2—66 mm (Christenson Carver (1967) noted that this species was not col- 
and Smith 1965). lected in salinities exceeding 0.74 ppt. 

In Iowa ponds, Barney and Anson (1923) deter- According to Gerald (1971), male orangespotted 
mined the lengths for each year class of orangespot- sunfish produce courtship sounds which are species 
ted sunfish: 0—10-24 mm (July to September); I— specific. Males were induced to court and to call to 
25-45 mm; II—40-55 mm; III—49-74 mm; and IV— dead females that were manipulated on a string. 
56-93 mm. In Oklahoma (Jenkins et al. 1955), Also, 11 orangespotted sunfish responded to play- 
orangespotted sunfish had the following calculated back of orangespotted male courtship sounds, and 3 
growth at the annuli: 1—53 mm; 2—81 mm; and 3— orangespotted sunfish responded to the courtship 
99 mm; in Illinois (Lopinot 1958), these values were: calls of the longear sunfish. 
1—71 mm, 2—89 mm, 3—94 mm, and 4—137 mm. In the Illinois-Fox river system (Waukesha County), 

Orangespotted sunfish that hatch early attain sex- Cahn (1927) reported that the associates of the 
ual maturity by August of the following year (i.e., at orangespotted sunfish were the grass pickerel and 
age I). The great majority, however, lay their first the central mudminnow. In the Sugar River (Rock 
eggs in May of the third year of life (i.e., at age Il). County), I found this species associated with: the 
Barney and Anson noted that there is a normal retar- quillback, river carpsucker, northern hog sucker, 
dation of growth as the sunfish reaches sexual ma- white sucker, creek chub, golden shiner, bluntnose 

turity. minnow, fathead minnow, common shiner, emerald 
The largest Wisconsin orangespotted sunfish seen shiner, spotfin shiner, weed shiner, sand shiner, big- 

was 112 mm (4.4 in) long. In a Louisiana collection mouth shiner, channel catfish, black bullhead, black- 
(Carver 1967), the maximum total length of this spe- stripe topminnow, johnny darter, smallmouth bass, 
cies was 147 mm (5.8 in). green sunfish, pumpkinseed, and black crappie.
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IMPORTANCE AND MANAGEMENT The orangespotted sunfish has little or no value as 
In an Iowa pond which was stocked with adult large- a sport or a food fish, although it takes the hook 
mouth bass and adult yearling orangespotted sun- readily when it reaches 75-100 mm (3-4 in). 
fish, the latter were apparently used extensively as It is used occasionally as an aquarium fish because 
forage fish by the bass. Although the bass repro- of its brilliant colors, and it appears to live well in 
duced successfully, there were no signs of orange- captivity as long as it has sufficient Daphnia and other 
spotted sunfish reproduction; Barney and Anson live foods (Harlan and Speaker 1956). 
(1923) suggested that the small adult and young This species makes a good bioassay animal because 
orangespotted sunfish served as food for the bass. it transports and holds well, and it is not particularly 
Cross (1967) noted that, where it is abundant, the excitable (Gould and Irwin 1962). 
orangespotted is a significant forage item for larger Barney and Anson (1923) suggested that in some 
centrarchids. On the other hand, the orangespotted locales, the orangespotted sunfish may be a valuable 
sunfish may also compete for food with young bass, fish for mosquito control. 
bluegills, and crappies (Cross 1967, Clark 1960). The standing crop of orangespotted sunfish in an 

Barney and Anson also noted that it may play a Oklahoma pond was 2.9 kg/ha, with a net annual 
role in the natural history of freshwater mussels. It production of 1.6 kg/ha (Whiteside and Carter 1973). 
may be the host of glochidial stages of Anodonta cor- Trautman (1957) noted that, as the orangespotted 

pulenta (Coker et al. 1921), and perhaps of other non- sunfish moved eastward in Ohio, the first specimens 
commercial mollusks. A natural infection of the collected on the eastern frontier were hybrids be- 
orangespotted sunfish with the glochidia of the valu- tween the orangespotted sunfish and some other 
able yellow sand shell mussel (Lampsilis anodontoides) sunfish species. When he collected in the same lo- 

has been reported, but this is of doubtful signifi- cality a few years later, after the eastern frontier had 
cance, as the yellow sand shell has never been car- moved beyond this locality, pure orangespotted sun- 
ried through its transformation into adult form ex- fishes were taken, usually in far greater numbers 
perimentally other than on the gars. than the hybrids.
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Bluegill Ear flap black to edge. Pale blue lines extending 
backward from mouth and chin. Fins brown pig- 
mented; a prominent dark blotch toward rear of soft 

Lepomis macrochirus Rafinesque. Lepomis—scaled dorsal fin, occasionally present toward rear of anal 

operculum; macrochirus—large hand, possibly in fin (in young-of-year, dorsal spot appears as a series 
reference to the size of the pectoral fin. of microscopic round, distinct chromatophores in the 

Other common names: bluegill sunfish, northern last few interradial membranes). Colors vary accord- 
bluegill sunfish, common bluegill, blue sunfish, ing to habitat: fish from dark waters are dark olive or 

bluemouth sunfish, sunfish, pale sunfish, chain- almost black dorsally, and somewhat lighter ven- 
sided sunfish, bream, blue bream, bluegill bream, trally; fish from clear waters are light blue-green dor- 

coppernosed bream, blackear bream, roach, sally, and almost white ventrally. 
dollardee, sun perch, strawberry bass. Breeding male with bright orange to rusty breast 

and a bluish sheen over body; pelvic and anal fins 
dusky. 

Sexual dimorphism: In mature bluegills, the uro- 
genital opening in the male usually terminates in a 
small, funnel-shaped pore; in the female, the open- 
ing resembles a small, swollen, doughnutlike ring— 

probably the result of a slight eversion of the uro- 
z =| . genital tract (McComish 1968). 

. , ee ? me Hybrids: Bluegill x pumpkinseed, bluegill x green 
Ane ood sunfish (UWSP specimens, Wis. Fish Distrib. Study 

, a Pt 1974-1975). Other natural hybrids: bluegill x war- 
se mouth, bluegill x orangespotted sunfish, bluegill x 

redear sunfish, bluegill x redbreast sunfish, bluegill 
x longear sunfish, bluegill x spotted sunfish 

AdUIbT43imin, Waupaca R- (Weupace’Co:),"1S June 1960 (Childers 1967). Artificial hybrids: bluegill x white 
DESCRIPTION crappie, bluegill x black crappie (Carlander 1977). 

Body deep, strongly compressed laterally. Length 
127-178 mm (5-7 in). TL = 1.25 SL. Depth into TL 
2.2-2.6. Head length into TL 3.5-3.9. Mouth small, | SYSTEMATIC NOTES — 
strongly oblique. Upper jaw almost reaching to an- Synonyms are Lepomis pallidus (Mitchill), Helioperca 
terior edge of eye; lower jaw decidedly longer than incisor (Cuvier and Valenciennes), and Helioperca 
upper jaw; conical, pointed teeth in brushlike pads macrochira (Rafinesque). The Wisconsin subspecies 1S 
on upper and lower jaws, no teeth on tongue; lower the northern bluegill, Lepomis m. macrochirus Rafin- 

pharyngeal arches moderately wide, with thin, pointed esque. The form Lepomis machrochirus purpurascens 

teeth. Gill rakers on first gill arch long, straight, and (Cope), which is distributed in Atlantic Coast streams 
pointed. Opercular “ear flap” flexible. Dorsal fins 2, from the Carolinas to Florida, may be a distinct spe- 
but broadly joined and appear as 1; base of dorsal cies, according to Hubbs and Lagler (1964). 
fins less than twice length of anal fin base; first dorsal 

fin with 10 spines, second with 10-12 soft rays. Anal DISTRIBUTION, STATUS, AND HABITAT 

fin with 3 spines, and 10-12 soft rays; pelvic fin tho- The bluegill occurs in all three drainage basins in 
racic with 1 spine and 5 rays; pectoral fin long, Wisconsin. Originally it was not found in the Lake 
pointed, and when laid forward across cheek reach- Superior basin (Greene 1935), but as a result of wide- 
ing to and generally beyond anterior edge of eye; spread stocking it is now present and reproducing in 
caudal fin slightly forked. Scales ctenoid, gill covers many lakes and rivers. It is considered rare at the bar- 
and cheeks scaled. Scales in lateral line 39-45; lateral riers of tributary streams to Lake Superior (McLain et 
line complete. Chromosomes 2n = 48 (W. LeGrande, al. 1965). In Waukesha County, bluegills occurred in 
pers. comm.). 32 of 40 lakes sampled, and, along with the black 

Back olive brown; sides vary from brown to green, crappie, it had the highest frequency occurrence of 
with 5-9 vertical, double chainlike bars (more promi- any species (Poff and Threinen 1963). It is present in 
nent in young); side at times with blue or purple re- most medium-sized streams to large rivers, and in 
flections; throat and belly white, yellow or orange-red. nearly all lakes throughout the state. The bluegill is
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the most abundant sunfish and centrarchid in Wis- (68°F) for long periods may extend bluegill spawn- 

consin. ing, and that ripe female bluegills were collected all 

In Wisconsin, the bluegill was encountered most year from a primary cooling pond. 
frequently in clear water (occasionally in slightly tur- Winter aggregations of bluegills break up when the 

bid and turbid water) at varying depths, over sub- water temperature reaches 10°C (50°F) (Scott and 

strates of sand (29% frequency), gravel (20%), mud Crossman 1973). The males appear first in the shal- 

(17%), silt (11%), rubble (8%), boulders (7%), clay low water of spawning areas; they generally select a 

(4%), detritus (2%), hardpan (1%), marl (1%) and sand or gravel bar which can be hollowed out for a 

bedrock (trace). It is an inhabitant of lakes, ponds, nest. A shallow depression, 5-15 cm deep and about 

reservoirs, and backwater sloughs, and it was found 30 cm diam, is swept out by the male in water 0.8 

in quiet to moderately swift waters in streams of the (0.3-1.5) m deep. H.C. Miller (1963:111) has de- 

following widths: 1.0-3.0 m (12%); 3.1-6.0 m (7%); scribed this process: 

6.1-12.0 m (20%); 12.1-24.0 m (32%); 24.1-50.0 m 
(22%); and more than 50.0 m (6%). It prefers warm- Nest sweeping begins with side to side undulations of 

water habitats with a moderate amount of rooted the caudal peduncle while the male is horizontal and sta- 

vexetation tionary. The undulations become strong, and the body 

8 , bends at the base of the caudal peduncle first to one side 

then to the other. . . . Pectoral fins are held at right angles 

BIOLOGY . : . to the body, spread, and flat. They move alternately push- 

In Wisconsin, bluegill spawning occurs at water tem- ing forward and up to counter the tendency for forward or 

peratures of 19.4-26.7°C (67-80°F) from late May to upward locomotion. Dorsal, anal, and pelvic fins are de- 

early August; spawning peaks in June. Clugston (1973) pressed. These movements bring . . . males to a nearly ver- 
noted that water temperatures which exceed 20°C tical position, slightly ahead of their starting point.
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The effect of this vigorous sweeping is to stir the which may be characterized as a series of grunts 
loose substrate material with the caudal fin, much as (Gerald 1971). In preliminary experiments, the re- 
a broom would. Repeated sweepings create a depres- sponse of bluegills to play back of their recorded calls 
sion, with the loosest and finest bottom materials indicated that bluegills may be attracted by their con- 
forming a rim around the edge. The nest resembles a specific calls, at least during spawning. 
miniature volcanic crater that has been weathered After a female bluegill enters the nest, the male 
away close to the ground (Harlan and Speaker 1956). and female swim about the nest in a circular path; 

Occasionally a bluegill builds an isolated nest, but they eventually come to rest with the male upright 
usually bluegills construct colonies of 40-50 nests and the female at an angle, with their bellies touch- 
within a radius of 18-21 m (Harlan and Speaker ing. A few eggs and some milt are released, and the 
1956); in some colonies, the nests almost touch one spawning behavior is repeated. A female does not 
another (Snow et al. 1962). Occasionally bluegills use necessarily deposit all of her eggs in one nest, nor is 
the nests of the pumpkinseed and the rock bass; one nest necessarily used by only one female. 
bluegills may also use their own nests several times The egg production of Lake Wingra (Dane County) 
during the season (Carbine 1939). bluegills (122-144 mm) on 25 May was estimated at 

The male bluegill defends the nest, before and 4,800 (2,900—8,000); on 29 June it was estimated at 

after spawning, against all species, but most vigor- 2,900 (1,900—4,600). Churchill (1976) suggested that 
ously against other male sunfishes. Lateral displays, the earlier figure may provide a better estimate of the 
with maximum fin erection and caudal fin elevation, total production, but even that figure is probably low, 
occur commonly among nesting male bluegills (H. C. since most of the fish were completely ripe at capture 
Miller 1963). The most aggressive and frequent be- and may have already deposited some of their eggs. 
havior observed in most species of Lepomis is the In Minnesota, Vessel and Eddy (1941) estimated fe- 
frontal threat display. In this behavior, the dorsal, cundity for age-IV to age-VIII fish at 25-46 thousand 
anal, and pelvic fins are displayed, and the fish eggs; they noted a tendency for egg production to 
moves forward toward the opponent; the caudal fin increase with increases in the weight, age, and 
has a locomotive function and is not involved in the length of the fish. 
display posture. The attack consists of a butt or a The bluegill’s eggs are small, demersal, and adhe- 
bite, usually directed at the side of the other fish, but sive. Egg diameter varies from 1.09 mm after water 
more frequently the display ends short of attack and hardening (Merriner 1971a) to 1.2-1.4 mm (Meyer 
is better described as a thrust, rush, chase, or swipe. 1970). Hatching occurs in 71 hr at a water tempera- 
Miller reported bluegill attacks in which highly ag- ture of 22.6°C (72.7°F), in 34 hr at 26.9°C (80.4°F), and 
gressive males rushed each other and hit mouth to in 32.5 hr at 27.3°C (81.1°F) (Carlander 1977). During 
mouth. incubation the male aerates the eggs and keeps them 

H. C. Miller (1963:122) called attention to behavior clean of debris with gentle fanning, and drives all in- 

exhibited by males which she called rim circling: truders from the nest. 
Newly hatched bluegill fry are 2-3 mm long. Ac- 

- > « Males’ over their nests repeatedly circle: the rimjof'the sists 1 Meyer (1970), jase are feasutniine at 
nest with fins in Lateral Display position. As they circle, 5.05.5 3d ce hatchi At8.9-9.4 1 
their fins and the vertical bars on the sides become darker. _ eo TTL, ays alver Nate un « =n 

Color fades when the circling stops. ... The sight of fin rays are formed. Meyer illustrated the 5.5-mm 
spawning fish was a stimulus which made males without and 10.3-mm stages, and Taber (1969) illustrated the 
partners circle their rims faster and more persistently. stages from 5.2-21.5 mm. 

In Michigan, 4,670-61,815 bluegill fry were re- 

The approach of females or other fish caused males ported per nest—the average for 17 nests was 17,914 
to rim circle more frequently and rapidly. Since this fry (Carbine 1939). In northern Wisconsin, Churchill 
behavior makes the performing male conspicuous, it (1949b) reported 22 thousand fry per nest. Shortly 
may serve to attract females to the nest. after hatching, the male abandons the young, which 

The factors involved in the male bluegill’s recogni- in northern Wisconsin appear in the limnetic zones 
tion of the female bluegill when females of other spe- from late June through July (Faber 1967). 
cies of sunfish are present are not clearly understood. The growth of bluegills is rapid. In Murphy Flow- 
When male bluegills were presented simultaneously age (Rusk County), bluegills average about 19 mm 
with a female bluegill and a female pumpkinseed, long in August, and about 38 mm long in September 
they responded more strongly to the former (Keen- (Snow et al. 1962). 
leyside 1967). Male bluegills produce courtship calls Bluegills are typically aged by analysis of their
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Age and Growth (TL in mm) of the Bluegill in Wisconsin 

Location 1 2 3 4 5 6 i. 8 9 10 11 Source 

Murphy Flowage (Rusk Co). 38 74 104 135 155 170 180 203 229 Snow (1969)? 

Clear L. (Sawyer Co.) 36 56 66 81 97, 104-127, 187147 Snow (1969)* 
Muskellunge L. (Vilas Co.) 

(1935-1938) 
Males 44 75 96 120 140 154 165 174 169 180 184 — Schloemer 
Females 44 74 98 4119 «1350144158 163166 (1939) 

Flora L. (Vilas Co.) 53 72 88 110s 124.'sis138—s—id14s—i1B HCG Parker (1965) 
L. Wazeecha (Wood Co.) 44 76 109 138 «#4175 «6195 = 219 Wolff (1974) 
L. Sherwood (Adams Co.) 62 91 119138 Wolff (1974) 
Upper Mississippi R., Pools 3-6 56 104 147 160 185 198 Kittel (1955) 

Mississippi R. (Buffalo Co.) 51 112 163 213 Christenson and 

Smith (1965) 
L. Mendota (Dane Co.) 43 95 135 163 181 El-Shamy (1976) 

L. Wingra (Dane Co.) 50 88 122,—-«139—Ss«152 Churchill (1976) 

#Average empirical length for year. 

scales. The annuli are generally clearly depicted, al- gill was taken from Ketona Lake, Alabama, in 1950 
though care must be taken to identify false annuli. (World Almanac 1976). 

Coble (1970) determined that false annuli may form When bluegills 5.0-5.9 mm long first start to feed, 
as a result of handling the fish, or of interrupted their food consists of rotifers and copepod nauplii 
feeding during the growing season. Southern Wis- (Siefert 1972). At 7 mm other rotifers and Cyclops spp. 
consin bluegills average better growth than bluegills appear in the digestive tracts. In 8-mm fish, cladocer- 
from northern Wisconsin, although they are not as ans become dominant in the diet; they include Bos- 

long lived. More than 500 southern Wisconsin blue- mina, Ceriodaphnia, Chydorus, Daphnia, and Polyphe- 
gills had condition values (K,,) averaging 1.83 mus. 
(1.63-2.18, with the largest bluegills exhibiting the Adult bluegills feed mainly on aquatic insects, 
best condition). small crayfish, and small fish (Carlander 1977). In six 

Male bluegills grew more rapidly than females in fish (avg 147 mm) examined from Lake Geneva (Wal- 
some populations that were studied, but the differ- worth County), aquatic vegetation (Chara) occurred 
ences were usually small; in a few populations, fe- in five stomachs, insects (midge larvae, mayfly and 
males grew larger than males (Carlander 1977). In stonefly naiads, insect fragments) in three, and snails 
other studies, no differences in the growth of the in one (Nelson and Hasler 1942). In Lake Mendota 

sexes were detected. Swingle (1956) reported a re- (Pearse 1921a), four bluegills had eaten insect larvae 

pressive factor, probably a hormone in the water, (0.5% volume), insect adults (11.2%), snails (0.8%), 

which increases with population density and retards oligochaetes (0.8%), plants (75.6%), and algae (10%). 
reproduction, but does not retard it sufficiently to In Green Lake (Green Lake County), 165 bluegill 
prevent crowding and slow growth. The growth and digestive tracts held insect larvae (33% volume), in- 
condition of bluegills is better in waters with strong sect pupae (1.7%), insect adults (12.9%), mites +, 
predator populations than in waters with few preda- crayfish (9.2%), amphipods (14.8%), cladocerans +, 

tors. snails (0.5%), sponges (0.5%), plants (21.3%), algae 

In the South, a few bluegills may reproduce during (1.7%), bottom ooze (2.2%), and sand (2.2%). 

their first summer of life. At Wisconsin’s latitude, In three northern Wisconsin lakes, 65% of the diet 
some individuals mature at age I, and most mature of bluegills consisted of insects, including Diptera 
at age II or III. larvae, mayfly nymphs, caddisfly larvae, dragonfly 

In most Wisconsin lakes, an age-IV bluegill is about nymphs, ants, and miscellaneous insects (Couey 
15 cm long and weighs 71 g. A 227-g (8-0z) bluegill is 1935). Plants constituted 10% of the total food con- 
about 7 years old. A 305-mm, 1,588-g (12-in, 3.5-Ib) sumed, but made up 30% of the food from one lake; 
bluegill was taken in a fyke net from Sand Lake in the other two lakes no plant food had been eaten. 
(Washburn County) in 1945 by Wisconsin Depart- The plants consisted mostly of fragments of leaves 
ment of Natural Resources personnel (Fischthal and terminal buds of large aquatic plants, and a small 
1948), and a 1,701-g (3-Ib 12-0z) fish was caught in amount of filamentous algae. The mollusks present 
Little Clam Lake (Ashland County) in 1953 (Snow et were snails from the genera Physa, Planorbis, and Am- 
al. 1962). A 381-mm , 2.16-kg (15-in, 4-lb 12-0z) blue- nicola.
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Kitchell and Windell (1970) noted that plant mate- In winter, the bluegill feeds sparingly, usually on 
rial makes up about 20% of the volume of the annual planktonic cladocerans and copepods (Moyle 1969). 
diet of natural bluegill populations. In controlled In summer, at a mean water temperature of 20°C, 
feeding experiments in the laboratory, those bluegills bluegills may consume average weekly rations of up 
that were fed algae (Chara) in addition to a mainte- to 35% of the body weight (about 5% per day); during 
nance level of animal food showed a slightly greater the winter, when the water averages between 2 and 
percentage increase in weight than comparable fish 3°C, bluegills may consume less than 1% of body 
fed on a maintenance diet of animal food alone. It weight per week (about 0.14% per day) (Lagler et al. 
was also evident that bluegills do gain some nutri- 1977). 
tional value from algae; however, bluegills neither The temperature preferred by young bluegills in the 
will nor can consume enough Chara to meet meta- laboratory was 31.2°C (88.2°F) (Beitinger 1974). When 

bolic requirements. suddenly exposed to water at 36.1°C (97°F), 35% of 

Leeches and fish eggs are also eaten by bluegills. the fish died, and, among those fish that survived, 
When food is scarce, bluegills commonly eat their thermoregulatory performance was slightly im- 
own eggs; male bluegills, especially, eat early spawns paired. Nickum (1967) found that bluegills were able 
(Swingle and Smith 1943). to withstand sudden changes in temperature as great 

The optimum temperature for feeding by bluegills as 11.1°C (20°F), if the upper lethal temperature limit 
has been given as 27°C (81°F), and the maximum was not exceeded; delayed mortalities sometimes oc- 
temperature at which bluegills feed has been given curred, however. Young bluegills in a Lake Monona 
as 31°C (88°F) (Kitchell et al. 1974, Stuntz 1976). (Dane County) thermal outfall area had estimated 
Feeding decreases at temperatures below 10-12.8°C acclimation temperatures between 29.4 and 31.3°C 
(50-55°F). Baumann and Kitchell (1974) found that (84.9 and 88.3°F) (Neill and Magnuson 1974); the 

bluegills tended to be limnetic during the daytime, highest body temperatures among 31 bluegill speci- 
feeding largely on plankton, but that they moved to mens was 31.8°C (89.2°F). Clugston (1973) found 
littoral areas about sundown to feed on benthic or- bluegills at 35-41°C (95-105.8°F) in heated effluent 
ganisms and organisms attached to or living on waters from a power plant. 
aquatic plants. The bluegill is a grazing fish, taking When juvenile bluegills in aquariums were given a 
this and that, and often hunting individual dipteran choice between an environment at their preferred 
midge larvae or plankters. It is also a sight feeder that temperature (31.0°C) with a large, socially dominant 
readily takes insects which fall on the surface of the bluegill present, or an environment at a higher or a 
water; these are eaten with a sucking, popping sound. lower temperature without the presence of the domi- 
Bluegills feed almost continuously during the grow- nant fish, they selected the latter (Beitinger and Mag- 
ing season, although feeding peaks occur at 1500 nuson 1975). 

hours in the afternoon and again in the evening after In winterkill lakes, the toleration threshold of blue- 
2030 hours (Keast and Welch 1968). Intermittent gills for dissolved oxygen was about 0.6 ppm (Cooper 
feeding occurs at night; in one population that was and Washburn 1949). Moore (1942) determined an 
examined, only 20% of the fish had empty stomachs oxygen threshold of 0.8 ppm for the bluegill. Blue- 
by 0730 hours. gills will not tolerate low oxygen nearly as well as 

The kind of food eaten by bluegills may be dictated northern pike, perch, and bullheads (Snow et al. 
in part by the kinds of associate fishes that are pres- 1962). Bluegills and largemouth bass are among the 
ent. Werner and Hall (1976) demonstrated that, when first fish to die off in winterkill lakes. 

the bluegill is stocked alone, prey from the vegeta- Woodbury (1941) presented evidence of a sudden 
tion made up 61% of its diet; when bluegills were mortality of adult bluegills when oxygen in Lake 
stocked with pumpkinseeds and green sunfish, how- Waubesa (Dane County) reached a super-saturation 
ever, the bluegills concentrated on prey from the level during late April. In death all of the fish looked 
open water column, such as Bosmina and Cyclops. The normal, except for small gas bubbles under the skin 
bluegill’s long, fine gill rakers retain small prey, mak- and in the fin rays. The gills were damaged exten- 
ing such a niche shift possible. Similarities in the sively, and most filaments contained gas emboli large 
food eaten by bluegills and green sunfish may not be enough to block the capillaries and to obstruct blood 
what they seem (Sadzikowski and Wallace 1976). The flow. Analysis of the water showed very high amounts 
green sunfish has a larger mouth, and ingests food of dissolved oxygen caused by algal bloom. 
items of a larger average size; thus, even though Trama (1954) found that bluegills tolerated a pH 
these two species consume similar kinds of food, ranging from 4.00 + 0.15 to 10.35 + 0.15. Although 
they may actually exploit quite different food sources. there was 100% survival at these ranges, adverse
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physiological reactions occurred. Bluegills have been to three-year-old bluegills are eaten by adult large- 
taken in water with 4.5 ppt salinity (Bailey et al. mouth bass and by northern pike; however, the bod- 
1954). ies of larger bluegills are too deep to be swallowed 

Bluegills travel in loose schools, and 10-20 fish can by predators. 
often be seen swimming together. Activity and feed- The bluegill is a host to the glochidial stage of the 
ing are greatest at dawn and dusk, although feeding following mussels: Amblema plicata, Fusconaia flava, 
occurs at low levels during other times of the daily Megalonaias gigantea, Anodonta grandis, Quadrula meta- 
cycle. Bluegills on the Mississippi River were most nevra, Quadrula nodulata, Pleurobema cordatum, Acti- 
active from 0800 to 1000 hr and from 1600 to 2200 hr nonaias carinata, Carunculina parva, Lampsilis ovata, 
(Ranthum 1969). During the day, large bluegills re- Lampsilis radiata luteola, Ligumia recta, and Ligumia sub- 
main in or near cover (Stuntz 1976), while at night rostrata (Hart and Fuller 1974). 
they disperse into all areas of a shallow lake. In early The bluegill in Wisconsin is perhaps the best 
spring, when vegetation has not yet emerged to pro- known and the most sought-after sunfish. It is easily 
vide cover, bluegills select habitats in areas of shade, caught. Small terrestrial or aquatic baits, including 
or in areas where cover is permanent, such as in the worms, grasshoppers, crickets, and grubs, are all ac- 

shelter of a beaver lodge or a fallen tree. According ceptable to the bluegill. Artificial popping bugs and 
to Stuntz, the substrate is important in habitat selec- flies are particularly effective when bluegills are con- 
tion only during the spawning season; temperature centrated in the shallows during nesting. Wintertime 
does not appear to influence habitat selection in the jigging in weed beds, with a fly grub for bait, also 
field. In a deep, northern Wisconsin lake (Hile and produces excellent results. The bluegill is a game 
Juday 1941), bluegills, rock bass, and smallmouth fighter, carries the lure in tight circles, and uses the 

and largemouth basses inhabit the warmwater of the flat of its side against the pull of the line. 
epilimnion, most commonly at depths of 3 m. The In Pools 4 to 6 on the Mississippi River (Kittel 1955), 
young occupy the shallows continuously. the bluegill, carp, black crappie, and white bass 

In Lake Wingra (Dane County) during September, yielded the greatest numbers taken per trap net lift. 
bluegills moved onshore after sunset and offshore High yields persisted between the years 1957 and 1977 
after sunrise. All size classes sampled appeared to (Ebbers and Hawkinson 1978). The estimated sport 
participate in these movements (Baumann and Kitch- fishery catch of bluegills in Pools 4, 5, 7, and 11 for 
ell 1974). In winter, bluegills remain near the bottom 1967-1968 was 311,008 fish weighing 48,140 kg, or 
of a shallow lake, or they may collect below the dis- about 154 g (% lb) per fish (Wright 1970). In 1970, the 
charges of power plant condensers (Snow et al. bluegill provided catch rates of 0.31 and 0.34 fish per 
1962). In the spring, they migrate up sluggish streams man hour—the highest for any species in two Vilas 
or into channels which have warmed up before the County lakes (Serns and McKnight 1974). From 1955 
main body of water. through 1970, a total of 373,520 fish of various spe- 

The bluegill has a home range particularly during cies were caught by 53,637 anglers from Murphy 
the spawning period. In an Iowa study (Kudrna 1965), Flowage (Rusk County); of these, 312,342 (84%) were 

60% of the larger bluegills that were displaced had bluegills (Snow 1978). 
homed. When bluegills were released in a displaced In Wisconsin, bluegills are not permitted in the 
area, however, they swam about as if searching be- commercial catch, but liberal sport fishing regula- 
fore they began to home. tions exist. In inland waters, an aggregate of 50 pan- 

In the Platte River (Grant County), fish associated fish, including bluegills, may be caught in 1 day. In 
with 6 bluegills were: the white sucker (47), central most boundary waters there is no bag limit, except 
stoneroller (17), longnose dace (8), hornyhead chub in Wisconsin-Minnesota waters, where there is a limit 

(140), creek chub (1), bluntnose minnow (61), suck- of 25 per day (Wis. Dep. Nat. Resour. 1979). 
ermouth minnow (3), common shiner (88), rosyface As a food fish, the bluegill is highly respected, and 
shiner (25), sand shiner (1), Ozark minnow (20), it is often referred to as the “bread and butter fish.” 
stonecat (3), johnny darter (7), fantail darter (21), Its flesh is firm, white and flaky. Since the flesh has 

smallmouth bass (11), and green sunfish (2). little fat, bluegills may be kept frozen in storage for 
long periods. 

IMPORTANCE AND MANAGEMENT The bluegill is an easily cared-for aquarium fish, 
Bluegill fingerlings are preyed upon by largemouth and, because it is readily available, it is perhaps our 
bass, northern pike, yellow perch, black crappies, most common native fish kept in home aquariums. 

pumpkinseeds, bullheads, and by bluegills them- Dense populations of bluegills are possible because 
selves. Herons and otters take smaller bluegills. Two- they are largely primary consumers, producing fish
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flesh directly from the most basic foods. In many of (Washburn County), where previous populations 
Wisconsin's lakes, the bluegill is the most common had been winterkilled; within 1 year the bluegills 

sport fish present. Lake Wingra (Dane County), for were 188-226 mm long and weighed 153-338 g. In 
instance, is a very productive lake, with an average that year they had increased their average lengths 
standing crop of about 494 kg/ha of fish over 75 mm approximately 1.7-1.9 times, and their average weights 
long (Churchill 1976). Most of the crop consists of 9-17 times (Fischthal 1948). Two years after the fish 
panfishes, and about 75% of the biomass consists of population of Stewart Lake (Dane County) had been 
bluegills. During one period of study, the biomass of removed and the lake restocked with 722 largemouth 
bluegills over 75 mm long varied from 140 to 500 kg/ bass fingerlings and 2 pairs of adult bluegill breeders, 
ha, while the number of bluegills over 2 years old the lake was opened to fishing. An estimated 300 
varied from 7,000 to 25,000 per hectare. In October bass (330-406 mm long) and 2,000 bluegills (127-203 
1972, Churchill estimated a population of 3.4 million mm long) were creeled during the opening day of 
bluegills in Lake Wingra that were age I or older. fishing (McCutchin 1949). 

From Stewart Lake (Dane County), C. Brynildson Attempts have been made to control extremely 
(1955) recovered 440 kg/ha of fish, which were mostly slow-growing bluegill populations by introducing 
bluegills, and he felt that the recovery was incom- predators. In Clear Lake (Sawyer County), where the 
plete. On the other hand, in Escanaba Lake (Vilas bluegills appeared to be suffering from intense intra- 
County) from 1956 through 1969, bluegills made up specific competition, muskellunge were stocked at 
3% or less of the available standing crop of sport several times the normal level, and walleyes were 
fishes (Kempinger et al. 1975). In some lakes man- heavily stocked (Snow 1968). There was no appre- 
aged for walleyes, coho salmon, and other sport spe- ciable change in the growth of the bluegills, and no 
cies, bluegill numbers may be low, with correspond- drastic change in their abundance—they continued 
ingly low returns to the angler (Serns and McKnight to make up 85-95% of the total population. The wall- 
1974). eyes showed poor survival, which raised the issue of 

The stunting of bluegills and yellow perch occurs their importance as a predatory species. Snow sug- 
in many waters throughout Wisconsin, and has often gested that, when the density of a bluegill population 
been called the number one fish management prob- is above a certain unknown level, predator stocking 
lem in the state. Wisconsin and other states have at- can exert little, if any, control on the bluegill popula- 
tempted to correct the problem by reducing or elimi- tion. The stocking of northern pike in Murphy Flow- 
nating these populations through seining, trapping, age (Rusk County) also failed to reduce the numbers 
angling, and the use of poisons (e.g., rotenone and of bluegills; in fact, the numbers of bluegills, particu- 
antimycin). Predators have been introduced in some larly small ones, continued to increase, while their 
waters to curb bluegill numbers. Where it has been growth continued to decline. The impact of the 
possible to do so, levels have been lowered in lakes stocked pike on the native pike population and on 
or impoundments to concentrate fish for removal, or angler harvest was unfavorable (Snow 1974a). 

to facilitate predation. The failure of predators to control stunted bluegill 
In Flora Lake (Vilas County), bluegills, pumpkin- populations is mentioned in the literature (Beyerle 

seeds, and hybrids of these two species responded 1971, Carlander 1977). An evaluation of the effects of 
favorably in linear rate of growth after their numbers thinning on panfish populations was provided by 
had been reduced by trapping, but only the pump- Buchanan et al. (1974). Carlander suggested that 
kinseeds were heavier at the overall mean length bluegill growth stops when the carrying capacity of a 
(Parker 1958). In Cox Hollow Lake (Iowa County), a given body of water is reached, i.e., when any factor 
new impoundment, stocked bluegills, largemouth becomes limiting. For example, growth slowed after 

bass, and northern pike showed an initial rapid thermal stratification occurred and oxygen depletion 
population expansion and superior growth, followed concentrated bluegills near the surface. 

by a tremendous decline in both population size and In addition to the limiting factors that affect their 
growth (Dunst 1969). The majority of Cox Hollow growth bluegills over age III to IV sustain an annual 
Lake anglers during the 1970s caught many small, mortality rate of 57-99% (Carlander 1977). In Murphy 
thin bluegills that were less than 15 cm (6 in) long. Flowage (Rusk County), Snow (1978) determined 

When stunted bluegills are transferred to a lake that bluegills sustained a total average mortality rate 
that has no existing sport and panfish populations, of 61% annually, and an estimated annual natural 
phenomenal growth may occur. Bluegills 97-152 mm mortality rate of 53% in the absence of fishing. 
long and weighing 11-71 g were placed in Sand Lake Even where management techniques succeed in
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reducing bluegill populations, success is usually tem- tively large population of predator fish has been es- 
porary, and overcrowding and stunting recur within tablished before the bluegills are introduced. 
a few years. It is difficult to achieve a balance in the Although largemouth bass and bluegills are a rec- 
ecosystem which keeps populations at an optimum ommended combination of species for farm ponds in 
level. many states, this combination is not recommended 

The bluegill is commonly stocked in new farm im- in Wisconsin. Klingbiel et al. have summarized the 
poundments and in newly dug farm ponds. At Dela- problem in Wisconsin (1969:14-15): 

a (Waukesha County); Mraz and Cooper (19576) . . . Generally bluegills become overpopulated and stunted. 
emonstrated that bluegill reproduction in ponds THESeTREH aceOR No Wale Becaase the too 1 f 

: 'y are too large for 
was! more ;consistent than that of carp, largemouth largemouth bass to eat, and too small for angling. Bluegills 

bass, and black crappies. Bluegills spawned success- will also compete for food with the smaller bass and will 
fully in all ponds; they averaged nearly 10,000 fish eventually stop bass reproduction by eating the young. 
per hectare in six trials, and ranged from 1,235 to Bass-bluegill management has been successful in very few 
33,900 young fish per hectare. Such a reproductive ponds in Wisconsin. 
capacity soon leads to overcrowding unless a rela-
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Rock Bass Hybrids: Artificial rock bass x black crappie, rock 
bass x bluegill, rock bass x banded sunfish, rock 
bass X warmouth, and rock bass x largemouth bass 

Ambloplites rupestris (Rafinesque). Ambloplites—blunt (Hester 1970, Tyus 1973). 
armature; rupestris—living among rocks. 

Other common names: northern rock bass, redeye, DISTRIBUTION, STATUS, AND HABITAT 

redeye bass, goggle eye, rock sunfish. In Wisconsin, the rock bass occurs in the Mississippi 
River, Lake Michigan, and Lake Superior drainage 
basins. It is present in the shallow waters of the Great 
Lakes, and in many of the softwater lakes in northern 

A Mb hjey Wisconsin, but it is less common in lakes southward. 

i a The rock bass is common in medium to large 
sy streams and in lakes throughout Wisconsin, except 

if A in the southwestern quarter, where it is rare. Accord- 

z 4 og ing to McLain et al. (1965), it is common in the 
Ry = / = Sks mouths of tributaries to Lake Superior. In some lakes 

na : 34 Se where the waters are becoming enriched, the rock 
aw oe ce bass population has declined. This species was com- 

Sy ; mon in the Rock River between Hustisford and 
ee Watertown up to 1920, but has since become rare in 

that area (H. Neuenschwander, pers. comm.). 
Adult 129 mm, Blake Cr. (Waupaca Co.), 7 June 1960 Although the rock bass is found in many kinds of 

water, it shows a distinct preference for clear, cool to 

warming waters over a gravel or rocky bottom, with 
DESCRIPTION some vegetation present. It was encountered in clear 
Body robust, compressed laterally. Length 152-203 water (60% frequency), slightly turbid water (27%), 
mm (6-8 in). TL = 1.25 SL. Depth into TL 2.7-3.3. and turbid water (13%) of varying depths, over sub- 
Head length into TL 2.9-3.4. Mouth large, slightly strates of sand (26% frequency), gravel (20%), mud 
oblique. Upper jaw extending to beyond middle of (13%), rubble (12%), boulders (12%), silt (9%), bed- 
eye, and lower jaw projecting beyond upper jaw; rock (4%), clay (2%), detritus (1%), hardpan (1%), 
small, blunt teeth in broad bands on upper and lower and marl (1%). It was found in lakes and reservoirs, 
jaws; pharyngeal pads with teeth at back of throat. and in streams of the following widths: 1.0-3.0 m 
Dorsal fins 2, but broadly joined and appear as 1; (6% frequency), 3.1-6.0 m (15%), 6.1-12.0 m (9%), 

base of dorsal fins twice as long as anal fin base; first 12.1-24.0 m (31%), 24.1-50.0 m (24%), more than 50 

dorsal fin with 10-12 spines, second with 10-12 rays. m (16%). 
Anal fin with 5-7 spines and 9-11 soft rays; pelvic fin 
thoracic with 1 spine and 5 rays; pectoral fin rounded, BIOLOGY 
short, and when laid forward across the cheek does In Wisconsin, the rock bass moves into areas of very 

not reach eye; caudal fin scarcely forked. Scales cten- shallow water during late May and early June when 
oid, gill covers, cheeks, and back of head scaled. water temperatures reach 15.6-21.1°C (60-70°F). 

Scales 39-43 in lateral line; lateral line complete. Spawning is initiated when water warms to 20.5-21°C 
Chromosomes 2n = 48 (W. LeGrande, pers. comm.). (69-70°F) and may continue to 26°C (79°F) (Carlander 

Dorsal region of head, back, and upper sides 1977). Spawning takes place in water from a few cen- 
brown to olive; ventral region lighter. Eyes bright red timeters deep to more than 1.0 m deep, in circular, 
to orange. All fins pigmented; vertical fins with dis- dish-shaped nests. The male builds the nest by fan- 
tinct white spots posteriorly. Each scale pocket below ning out sand and debris over a bottom of coarse sand 
lateral line with a prominent black spot, forming or gravel to create a depression of 20-25 cm (8-10 in) 
8-10 horizontal rows of spots. In young up to 51 mm, diam. 
sides variably marbled in black and white. Breeding Details of the spawning behavior of rock bass are 
males blackish, with eye color intensified. provided by Trautman (1957), Breder (1936), and 

Sexual dimorphism: In male, a single urogenital Breder and Rosen (1966). Immediately preceding and 
opening behind the anus; in female, 2 openings (gen- during the spawning season, adult females congre- 
ital and urinary) behind the anus (Moen 1959). gate in pools. A female approaches a nest only when
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she is ready to deposit her eggs. She is driven into large crayfish (Cambarus), which were kept as scav- 

the nest by the male, who guards her carefully until engers, whenever the crayfish got within a few cen- 

the eggs have been deposited. During spawning and timeters of the eggs. Such struggles continued for an 

fertilization, the female reclines on her side and the hour until the crayfish eventually withdrew. 

male remains upright. The two fish engage in a pe- A 173-mm, 136-g female rock bass captured 7 June 

culiar rocking motion in a head-to-tail position. Only from Blake Creek (Waupaca County), had ovaries 

a few eggs at a time are extruded, and at each depo- 14.2% of her body weight. She held an estimated 6,300 

sition milt is extruded by the male. This behavior mature (orange) eggs, 1.7-1.9 mm diam, and a small 

may continue for an hour or more, after which the number of immature (white-yellow) eggs, 0.7-1.3 mm 

female leaves the nest and does not return. The eggs diam. In Minnesota (Vessel and Eddy 1941) the fe- 

are carefully looked after by the male, who takes up cundity of rock bass varied from 2,000 to 11,000 eggs, 

a position above the nest, and every now and then depending on the size of the fish. Females 18-20 cm 

fans the eggs with his fins. A few days after the eggs long and weighing 227-340 g produced 2,000-7,000 

have hatched, the fry gradually rise out of the nest; eggs. The average female lays about 5,000 eggs. 

the male soon leaves them to shift for themselves. Rock bass eggs are adhesive, and hatch in 3-4 

Observations of rock bass in aquariums disclosed a days at water temperatures of 20.5-21.0°C (69-69.8°F) 

female we a aistnatly Pent ti = ly nae who Becy and Suihee Ua): m Michigan cane a 

attempted to mate with a male that was fanning a the number of rock bass fry per nest varied from 

batch of eggs. She quivered considerably, and the to 1,756; there was an average of 796 fry for each of 

two fish performed the peculiar rocking motion in a the nine nests counted. 

head-to-tail position. This male continued with little Fish (1932) illustrated and described the 10.5-mm 

interruption to fan the eggs he was guarding. During stage. The young rock bass remain for several months 

the fanning period, males in the aquarium drove off in shallows near or within vegetation.
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In Wisconsin, the growth of young rock bass varies on the enrichment of Lake Nebish by materials 
with the latitude and with the characteristics of the washed in during periods of heavy downpour. Tem- 
water: peratures may have a direct effect on the physiologi- 

cal processes of the fish, and may also affect the 
ati abundance of fish food in the lake. 

Dat oe eat Rana Locati In Nebish Lake, most rock bass reach maturity at 
eo ages II and III. The slower-growing fish do not reach 

11 June 2 20, 19-21 Wolf R. (Langlade Co.) ‘. 7 i - 9 Aug. 3 57 3656 L. Poyaai south store maturity until age IV (Hile 1941). Most rock bass sur. 

(Winnebago Co.) vive for 6-8 years, although individuals of this spe- 

8 Aug. 2 39 39-40 L. Poygan, north shore cies have lived at least 18 years in captivity (Breder 
(Winnebago Co.) 1936) 

10 Aug. "1 35 29-39 L. Mendota (Dane Co.) : . 
19 Alp, 13 28 19-37 L. Winnebago Winne- Normally rock bass do not exceed 227 g (.5 Ib) in 

bago Co.) weight, but a 794-g (1-Ib 12-0z) individual was caught 
18.Sent. a8 36; (28°55 a eae R. (Wash- from Green Lake (Green Lake County) on 14 Febru- 
20 Sept. 33 39 25-50 Butternut L. (Price Co.) ary 1971. A 1.5-kg (3-Ib 5-0z) rock bass was taken in 

1 Oct. 15 43 37-61 Flambeau R., south fork Lake Cadillac, Michigan, in 1946. Scott and Cross- 

Piero} man (1973) reported an individual 340 mm long 
which weighed 1.64 kg (3 lb 10 oz). Adams and 

The paper on Wisconsin rock bass by Hile (1941) is a Hankinson (1926) reported rock bass weighing up to 
classic in the treatment of growth data and in the 1.70 kg (3.75 Ib). 

comparison of growth increments from different years. In Illinois, young-of-year rock bass fed on clado- 
The calculated weights for the Muskellunge Lake cerans, Cyclops, corixid, chironomid and neurop- 

rock bass, years 1 through 11, were: 1, 4, 10, 20, 36, teran larvae, and some land insects (Forbes 1880). In 

56, 82, 108, 141, 165, and 187g (Hile 1942). northern Wisconsin lakes, insects (including dip- 
The general growth curves for the Lake Nebish teran, ephemerid, and caddisfly larvae, dragonfly 

population show that male rock bass grow more rap- nymphs, and ants) were the most important foods 
idly than females, and that the differential growth of consumed by rock bass, followed by crayfish and fish 
the sexes is not distinctly apparent before the fourth (Couey 1935). In Green Lake (Green Lake County), 
year. Hile noted that most of the season’s growth had rock bass had ingested crayfish (64% volume), cla- 
been completed by the time of capture in late July docerans (12%), insect larvae (11.8%), mites (4.2%), 

and early August. Good growth was correlated posi- amphipods (2.9%), insect pupae (0.6%), ostracods 
tively with high temperatures, especially in June and (0.2%), and sand (4.2%) (Pearse 1921a). In Lake 
September. Good growth and heavy precipitation in Mendota (Dane County) rock bass, Pearse found 
June also were correlated positively. Hile suggested crayfish (50%), cladocerans (14%), plant materials 
that the correlation between rainfall, fluctuations in (10%), amphipods (5.8%), insect adults (5%), algae 
growth, and the strength of year classes may depend (3%), insect larvae (2%), and sand (11.2%). Of 24 

Age and Growth (TL in mm) of the Rock Bass in Wisconsin 

No. of 

Location Fish 1 2 3 4 5 6 7 8 9 1 11 «612,18 Source 
Birch L.(WashburnCo.) 117 46—s71,—s«*112,—=s's«150 175208 Snow (1969) 
Bucks L. (Rusk Co.) 27, «56 130-183-229 249-292 Snow (1969) 
Clear L. (Sawyer Co.) 33 46 «= 5B 991241857178 Snow (1969) 
Nebish L. (Vilas Co.) 
Males 395 43°0=CO77,s12,—s«s14Bsia7ss 187 199-209-216 = 224-233 Hile (1941) 
Females 58641 76 #110 138 159 173 183 190 198 205 212 218 227 

Allequash L. (Vilas Co.) 44 67) «88 117s—s«139°—=*—«163-—s«179—S 190 Hile (1942) 
Muskellunge L. 

(Vilas Co.) 40 62 83 106 128 149 168 185 203 214 222 Hile (1942) 
Trout L. (Vilas Co.) 39 «-62—iBFss18-'—s 148181 198216227 Hile (1942) 
Wolf R. (Oneida Co.) 2 2827 8666113 B. Mauch 

(pers. 

comm.) 
Pecatonica R. (lowa Co.) 5 41 73 148 B. Mauch 

(pers. 
comm.) 

*Empirical means, not measured to annulus.
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stomachs examined from Lake Geneva (Walworth the concentrations of total mercury in the fillets had 
County), 4 held Micropterus sp., 8 held mimic shin- declined 53% in the yellow perch and 59% in the rock 
ers, and 14 held crayfish (Nelson and Hasler 1942). bass, all of the reduction in mercury concentrations 

Keast (1965) noted that the rock bass was a fairly was attributable to dilution by growth. The data sug- 
diverse feeder, and that the larger fish avoided small gested an initial redistribution of residues from other 
food items because of the high energy outlay neces- tissues to the muscle and a continued incorporation 
sary to obtain a sufficient quantity of them. He found of background amounts of mercury during growth. 
that there were two periods of feeding: in the eve- A trapping study (Spoor and Schloemer 1939) re- 
ning from 1700 to 2100 hr, and in the morning from vealed that rock bass were captured in far greater 
0730 to 1200 hr. numbers at night than during the day. The highest 

During the summer in lakes of northern Wiscon- rate of capture was between 1900 and 2100 hr, and a 
sin, the rock bass was found at 14.7-21.3°C slight increase occurred between 0300 and 0400 hr. 
(58.5-70.3°F) (Hile and Juday 1941); in streams of The study offered little evidence of daily inshore and 

southern Ontario (Hallam 1959) it occurred at 20.7°C offshore movements. 
(69.3°F). The preferred temperatures of rock bass In an extensive tagging effort in Missouri streams, 
from Lake Monona (Dane County) were 27.3°C Funk (1957) classified the rock bass as sedentary; 64% 
(81.1°F) in the laboratory and 27.5°C (81.5°F) in the of the rock bass were captured within 1.6 km (1 mi) 

field (Neill and Magnuson 1974). In a shallow Michi- of the point of release and 98% within 40 km (25 mi). 

gan pond (Bailey 1955), a water temperature of 38°C In Indiana (Scott 1949), rock bass showed a strong 
(100.4°F) resulted in the deaths of large numbers of tendency to remain in a very limited area, ranging 
fish, including rock bass. within a 1.6 km section of stream during the 2-year 

In winter, rock bass inhabit deeper water, where study; however, a few fish wandered widely—as 
they remain in a condition of semihibernation. After much as 30 km (19 mi) upstream and 13 km (8 mi) 
spawning they are usually found in 2-5 m of water downstream from the point of tagging. MacLean and 
in the region of submerged vegetation (Schneberger Teleki (1977) determined that rock bass along the north 
1973). In lakes of the northeastern highlands during shore of Long Point Bay in Lake Erie inhabit a re- 
July and August, rock bass were taken down to the stricted home range during the nonreproductive sea- 
following depths (depths at which the greatest num- son, but undertake a 36—40 km (22-25 mi) spawning 
ber were taken given in parentheses): Nebish Lake migration to the Inner Bay in the spring. 
10.9 m (6 m); Muskellunge Lake 12.9 m (4 m); and In northern waters, the rock bass is often associ- 
Trout Lake 6.9 m (5 m). Fish of all sizes showed a ated with the smallmouth bass, perch, bluntnose 

preference for the warmer epilimnion, except in Neb- minnow, hornyhead chub, rosyface shiner, northern 
ish Lake, where larger rock bass were found in the hog sucker, johnny darter, rainbow darter, and fan- 
upper thermocline, 2-4 m below the smaller fish. tail darter. 
Penetrations by rock bass into deeper regions of the The rock bass can change color with great ra- 
water are rare. In Lake Geneva (Walworth County), pidity—from silver to almost solid black, or to silver 

Nelson and Hasler (1942) captured most rock bass with black splotches (Eddy and Surber 1947). Pflieger 
at 9 m, although small numbers occurred down to (1975) called it “the chameleon of the sunfish family.” 
12m. 
Moore (1942) determined that rock bass were una- 

ble to tolerate oxygen tensions of 2.3 ppm at winter IMPORTANCE AND MANAGEMENT 
temperatures. In the laboratory at 22.8°C (73°F), It is not known to what extent rock bass are preyed 
Bouck (1972) noted that rock bass hyperventilated upon by other species. The rock bass does serve as a 
and stopped feeding during the low-oxygen periods, host to the glochidial stage of a number of important 
and showed impaired growth when the oxygen level mussels, including Amblema plicata, Amblema margi- 
of the water was lowered from near saturation to 3 nata, Arcidens confragosa, Actinonaias carinata and 
ppm for an 8 hr period per day over 9 consecutive Lampsilis radiata luteola (Hart and Fuller 1974). 
days. The rock bass is not considered an important sport 

Mercury-contaminated yellow perch and rock bass fish in Wisconsin, and is usually caught only inciden- 
from Lake St. Clair, which were stocked in two tally while fishing for other species. It will take 
earthen ponds and held for a 26-month period, in- worms, white grubs, minnows, spoons, spinners, 

creased 88% and 183% respectively in mean weight bucktails, cut-bait, crayfish, and grasshoppers, and 
during that period (Laarman et al. 1976). Although occasionally it will rise to a fly. It usually hits the an-
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gler’s lure with much vigor and begins a strenuous At one time, Wisconsin imposed a size limit on this 
fight, but it tires easily. species. Currently all minimum size limits, bag lim- 

In the Mississippi River, the estimated sport fish- its, and closed seasons have been eliminated (Wis. 
ery catch of rock bass in Pools 4, 5, 7, and 11 during Dep. Nat. Resour. 1979). The rock bass is classified 
1967-1968 was 2,888 fish weighing 340 kg (747 Ib) as a sport fish in Wisconsin. 

(Wright 1970). The numbers of rock bass in the catch There are conflicting reports concerning the palat- 

diminish rapidly as one moves downstream. In three ability of the rock bass, but most reports indicate that 
Vilas County lakes during 1970 (Serns and McKnight the flesh of fish from clear, cool water is firm and 
1974), the estimated catch of rock bass was 1,015 white and has an excellent flavor. 

from Stormy Lake, 1,001 from Black Oak Lake, and The propagation and stocking of rock bass are not 
605 from Laura Lake. The fish averaged 15-18 cm commonly practiced in Wisconsin or in neighboring 
long. states. It is a prolific fish in nature. When the fish 

In Escanaba Lake (Vilas County), from 1946 to 1969, population was thinned by trapping in Flora Lake 
13,171 rock bass weighing 1,657 kg (3,652 Ib) were (Vilas County), rock bass exhibited a marked increase 
caught by anglers (Kempinger et al. 1975). The esti- in their linear growth rate, even though the total 
mated population, based on rock bass 10 cm and number of rock bass present also increased (Parker 
larger, varied annually from 1,000 to 5,600 from 1956 1958). In a Michigan lake, partial poisoning with ro- 
through 1963. In Murphy Flowage (Rusk County), tenone resulted in an increased growth rate in rock 
from 1955 to 1969, 8,084 rock bass weighing, 1,059 bass of all ages (Beckman 1941). 
kg (2,335 Ib) were caught by angling (Snow 1978).
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White Crappie tral region of head and belly whitish. Eyes yellow to 
green. Irregular dark opercle spot scarcely larger 
than diam of pupil of eye. Dorsal, caudal, and anal 

Pomoxis annularis Rafinesque. Pomoxis—sharp oper- fins heavily vermiculated, contrasting with round to 

cle; annularis—having rings, the vague vertical oblong light-colored spots (which are less evident in 

bars of the sides. the anal fin); paired fins unpigmented to lightly pig- 

Other common names: silver crappie, pale crappie, mented. Spots almost absent in large adults (espe- 

ringed crappie, crappie, crawpie, silver bass, cially the females) from turbid waters. 
white bass, newlight, bachelor, campbellite, Breeding male usually darker and more distinctly 

white perch, strawberry bass, calico bass, tin- marked than female; males may be as heavily spotted 

mouth, papermouth, bridge perch, goggle-eye, as male black crappie (Trautman 1957). 

speckled perch, shad, John Demon. Hybrids: White crappie x black crappie (Hubbs 

1955, Trautman 1957), white crappie x flier (Burr 
1974). Hybrids are predominantly males (Schneber- 
ger 1972b). 

DISTRIBUTION, STATUS, AND HABITAT 
In Wisconsin, the white crappie occurs in the Missis- 

' sippi River and Lake Michigan drainage basins, 
. goth ana mo where it is near the northern limit of its distribution. 

ls ee — al It has not been taken from the Lake Superior water- 
i [Aa Ga shed. In the past 50 years this species has extended 

; < ‘ its distribution to the lower Chippewa-Red Cedar 
basin, the midreaches of the Wisconsin River, the 
Madison lakes region, the Beaver Dam and Crawfish 

. rivers, and the Fox-Wolf river system of the Lake 
Adult 166:mm; L. Winnebago (Calumet-Co.).17!Aug:.1960 Michigan basin. Earlier records from the Lake Michi- 

gan drainage were only from the Root River in ex- 

DESCRIPTION treme southeastern Wisconsin (Greene 1935). 

Body deep, strongly compressed laterally (slab-sided). Although some range extension was undoubtedly 

Length 165-229 mm (6.5-9.0 in). TL = 1.29 SL. a result of this species’ natural expansion into suitable 

Depth into TL 2.7-3.9. Head length into TL 3.2-4.0. habitats, some also resulted from the intended or the 

Mouth large, moderately oblique. Upper jaw reach- inadvertent stocking of white crappies with other 

ing at least to middle of eye; lower jaw heavy, tip jut- species. Stocking has been suggested as the source of 

ting beyond tip of upper jaw; minute conical, pointed the Smith Lake record of the upper St. Croix drainage 

teeth in brushlike pads on upper and lower jaws; (Sawyer County) (Greene 1935, Schneberger 1972b). 

lower pharyngeal arches long and narrow, with nu- The white crappie’s continued presence in the St. 

merous fine teeth. Gill rakers on first arch close-set, Croix River above the St. Croix Falls Dam (Polk 

long, slender, and straight; about 28. Dorsal fins 2, County) has been verified by two specimens (UWSP 
but completely joined and appear as 1; 6 (4-7) spines, 4819) taken in June 1974. In the Madison Lakes, 
12-16 rays, base length of dorsal much shorter than white crappies were first reported in the 1944 carp 

distance from dorsal origin to eye; base length of seining of Lake Wingra, where, according to Noland 
dorsal fin equal to or slightly shorter than base length (1951), the crappies appeared in large numbers and 

of anal fin. Anal fin with 6 spines and 17-18 rays; were the most abundant panfish in the lake. Noland 
pelvic fin thoracic, with 1 spine and 5 rays; pectoral concluded that the white crappie had probably been 
fin elongate, and when laid forward across cheek introduced as a result of fish rescue and transfer op- 

reaching eye; caudal fin slightly forked. Scales cten- erations. 
oid, in lateral line 39-46; lateral line complete. Chro- The establishment of the white crappie in the Fox- 

mosomes 2n = 48 (W. LeGrande, pers. comm.). Wolf river system of the Lake Michigan drainage is 

Back and upper head dark green with many blue, of recent occurrence, although it could have been 

green, and silvery reflections; sides lighter, with 5-10 overlooked by Greene in his survey during the 1920s. 
vague, vertical bands composed of dark blotches Its means of entry is uncertain, but three possibilities 

which become indistinct on lower sides of body; ven- exist: (1) via the Fox-Wisconsin canal at Portage, (2)
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via fish rescue and transfer operations from the Mis- consin, and the Mississippi rivers. In addition to ex- 
sissippi River, and (3) via southern Lake Michigan tending its range in Wisconsin, the white crappie ap- 
into Green Bay. The first two means of entry seem pears to be increasing in numbers. 
most likely, because if the species had entered from In Wisconsin, the white crappie occurs in sloughs, 
ate Michigan it nen have left Some peed stock a ee aroked pools a lakes, and in the 
tributary streams along western Lake Michigan, an pools and moderate currents of moderate-sized to 
this is not the case. Earlier Greene (1935) suggested large streams. It inhabits areas of sparse vegetation. 
that the white crappie’s means of entry into the Root It prefers slightly turbid to turbid water, and occurs 
River watershed (Milwaukee and Racine counties) at varying depths within the warm, shallow-water 
may have been through the drainage ditch connect- upper layer, over substrates of sand, mud, gravel, 
ing the Illinois-Fox river and the Root River water- rubble, clay, and silt. 
sheds during high water. 

Although Cahn (1927) reported that the white BIOLOGY 
crappie was found in nearly all of the larger lakes and Rutledge (1971) has prepared a bibliography of litera- 
in some of the smaller lakes in Waukesha County, it ture containing specific life history references to 
was more recently reported (Poff and Threinen 1963) white and black crappies. The spawning of the white 
in only 2 of 40 lakes sampled in Waukesha County. crappie has been dealt with at length by Hansen 
Priegel (1967a) considered the white crappie rare in (1951, 1965), Morgan (1954), and Siefert (1968, 1969a); 
Lake Winnebago, and V. Hacker (pers. comm.) re- unless otherwise indicated, the following account is 
ported it as common in Kingston Pond of the Grand based on these sources. 
River (Green Lake County). The white crappie is Spawning occurs in May and June at water temper- 
common to uncommon in the Rock, the lower Wis- atures of 14~23°C (57-73°F) with most spawning oc-
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curring at 16-20°C (61—68°F). Contrary to what has fish then would slowly move forward and upward with 

been observed in other centrarchid species, the white their bodies quivering. The female would slide under the 

crappie does not desert the nest when the water male in the process, pushing him up and to the side, caus- 
temperature drops. The white crappie may nest at ing the pair to move ina curve as the sex products presum- 
depths of 5 cm to 1.5 m, generally within 10 m of the ably were emitted: The male exerted a steady pressure on 
shore, on hard clay or gravel, or on the roots of aquatic the female s abdomen. Each spawning act lasted from 2 to 
or terrestrial plants. H ted whit : 5 sec with most lasting 4. Intervals between acts ranged 

5 Plants. tiansen reported wiite crappie from one half to 20 min. Maximum number of acts in one 
nests in water 10-20 cm deep along an undercut sod spawning run was 50, and the longest duration of any run 
bank of red clay. In one nest, the eggs were attached observed waee145 min: 
to blades of lawn grass and to grass roots which were . . . . 
dangling in the water only 5 cm below the surface; In two instances, Siefert watched an intruding male 
the fish guarded this nest from a position below the quickly position himself on the unoccupied side of 
eggs. the female and participate in the spawning act; how- 

The white crappie nests in colonies, and as many ever, immediately following spawning, he was chased 
as 35 nests have been reported in one colony; solitary from the area by the defending male. On another oc- 
nests are rare. Nests in circular colonies were spaced casion, a female mated with a second male guarding 
0.50.6 m apart; those in linear colonies were found a nest site which was about 1 m away from the terri- 
to be 0.6-1.2 m apart. White crappies nest in or near tory of her first mate. The male of the primary 
plant growth if it is available. Well-defined nest spawning vigorously chased the female away from 
depressions are generally absent, and a nest may the second male’s nest; the second male, in turn, 

consist of a circular area 12-15 cm across, from which chased the invading first male back to his own terri- 
a thin layer of silt has been swept. In some habitats, tory. . . ; . 
the nest may be 30 cm across. Siefert has described Following egg laying, the male white crappie 
nest construction (1968:254): guards the eggs (Breder and Rosen 1966:424): 

Nest preparation consisted of short vigorous periods (3 . .- The male fish jealously guarded the eggs and kept the 
to 5 sec) of body movement as the abdomen touched, or water about them in constant motion with his pectoral fins. 

nearly touched, the substrate. During this time the fish re- Other fish were kept away and objects that came near the 
mained in an upright position. Sediment was swept out of eggs were savagely bitten. If a person placed his hand 
the nest with fin and body movements, but only the loose within six inches of the surface of the water, the male fish 
silt layer was removed and a well-defined nest depression would leap clear of the water and strike the hand viciously. 

was not constructed. Occasionally the female exhibited the The white crappie’s eggs average 0.89 mm diam, 
same nest sweeping movements as the male immediately . 
before and during the spawning run. and are demersal and adhesive. They are usually 

scattered over an area larger than the actual nest 
Territorial behavior was observed among white (Siefert 1968). Nests surrounded by Chara contain 

crappies places in breeding pens. The territorial crap- more eggs on the periphery than in the middle. The 
pies were aggressive, and vigorously chased all in- eggs sampled from two white crappie nests showed 
truders from the defended area, usually by snapping evidence of multiple spawning over a period of less 
or butting at intruders, and by flaring their opercles. than 2 days; the eggs were in two distinct stages of 
Territories averaged 1 m2, and generally were estab- development. 
lished near a submerged tree branch or a corner of Lake Wingra (Dane County) females, 159-187 mm 
the pen; they did not always correspond to a later TL, held an average of 12,000 (6,200-24,000) eggs on 
nesting site. 25 May. On 29 June, females 163-176 mm TL aver- 
Spawning acts by white crappies in breeding pens aged 3,300 (300-5,100) eggs (Churchill 1976). These 

were observed between 0850 and 1600 hr, and most egg counts appear to be low, and probably represent 
spawning began before 1200 hours. Siefert described females which had already partly spawned. In Ohio 
spawning behavior (1968:255): (Morgan 1954), the total number of eggs produced by 

. .. The female, after being repulsed from the territory a white “taPpPIes a 1,908 in a 149-mm fish to 

number of times, would finally stop retreating from the ter- 325,677 in a 330-mm ish. 5 ; 
ritory when chased, and would be accepted by the male. The hatching time of white crappie eggs kept at 
After circling the nest several times the female would po- water temperatures of 21.1-23.3°C (70-74°F) varied 
sition herself beside the male and face the same direction between 24 and 27.5 hr (Morgan 1954). The embryos 
as the male. They would remain motionless for a few sec- hardly encircled the yolk at hatching, and the move- 
onds, and then the sides of their bodies would touch. Both ments of the larvae were quite feeble. The larvae
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were 1.215-1.98 mm long, and so poorly developed and Fritz 1957), a natural death rate of over 50% oc- 
that Morgan did not expect them to live. Siefert curred in large broods during their third year of life. 
(1969b) found that the minimum total length of white An exceptionally old fish—age XIII, with a weight of 
crappie upon hatching was 2.56 mm, and that the 1.62 kg (3 Ib 9 oz)—was reported by Harlan and 
yolk material was absorbed before the fish reached Speaker (1956) from Corydon Reservoir, Iowa. 
5 mm. The largest white crappie reported by Christenson 

Morgan (1954) illustrated and described the white and Smith (1965) from the Mississippi River (Buffalo 
crappie’s embryonic development from fertilization County) was 325 mm (12.8 in) long. A 1.59-kg (3-Ib 8- 
through the 6-mm stage (14.5 days after hatching). 0z) fish was taken by Cahn (1927) from the Neosho 
There has been no evidence of scale formation on fish Mill Pond (Dodge County). A record white crappie, 
less than 16 mm TL, and the first fully scaled fish 533 mm long and weighing 2.35 kg (21 in and 5 Ib 3 
observed was 27 mm long (Siefert 1965). Larval white oz), came from Enid Dam, Mississippi, in 1957 (World 

and black crappies (5-16 mm long) in Missouri River Almanac 1976). 
reservoirs can be separated by the number of post- The first foods eaten by white crappies are rotifers 
anal myomeres and the number of total myomeres: and copepod nauplii, followed, as the fish increase 
for the white crappie, these are 19 or less and 30-31 in size, by Daphnia, Diaptomus, and Leptodora. Zoo- 
respectively; for the black crappie, they are 21 or plankton are almost the only food eaten during the 
more and 32 respectively (Siefert 1969b). In larvae first year, but a few amphipods and chironomids are 
greater than 16 mm, there are 5-6 dorsal spiny rays taken in late fall and spring (Carlander 1977). 
in the white crappie, and 7 in the black crappie. Entomostraca continue to be a significant food 

In western reservoirs, the white crappie larvae are throughout the life of white crappies in most waters, 
initially collected in nursery areas near coves and but insects and forage fish are usually the major 
boat basins, but during the summer they move out of foods of large crappies. In Pool 19 of the Mississippi 
protected areas into the open reservoir (Siefert 1969a). River, the food of 83 white crappies included Hexa- 
In Lewis and Clark Lake, South Dakota, the young genia naiads (42%) and Potamyia flava larvae (11%); 
are in the pelagic zone during July and August, but the remainder of the food was composed chiefly of 
in September larger numbers of fish are taken with immature Diptera, Odonata, Zygoptera, Hemiptera, 
bottom trawls in water less than 6 m deep (Gasaway and fish (Hoopes 1960). In a later study (Ranthum 
1970). 1969), fish were the most important food item in the 

The average yearly growth of male and female white crappie diet, followed closely by chironomids, 
white crappies is about the same; however, late in life and Hexagenia mayfly naiads and adults; other insects 
females grow faster than males (Morgan 1954). contributed little to the food volume. Five of the crap- 

Determining the age of white crappies by counting pies in this study contained two or three gizzard 

the number of annuli present is difficult, because the shad each; another contained a bluegill or a crappie; 
annulus may be formed over a period of several in another specimen four minnows were found. 
months, or not at all during some years (Morgan 1954, Schneberger (1972b) has suggested that the white 
Hansen 1951). crappie eats its own young. 

In Iowa, the condition (K,,) of white crappies 102- In an Iowa study (Neal 1961), plant materials and 
260 mm long averaged 1.29 (1.11-1.42) (Neal 1961). insect adults never accounted for more than 5% of 
In Illinois, the highest coefficient of condition (K,,) the stomach contents of white crappies. Food items 
for a 279-mm fish was 3.38 (Hansen 1951). found in the stomachs included ostracods, fish eggs, 

Maturity occurs at age II in some individuals, but plant seeds, algae, Hydracarina, nematodes, un- 
most white crappies are mature at ages III and IV identified Crustacea, and insect eggs. 
(Nelson 1974, Siefert 1969a, Morgan 1954). In a Pennsylvania reservoir, during most months 

As a rule, the white crappie is short-lived; few sur- young white crappies fed exclusively on zooplank- 
vive more than 5 years. In an Illinois study (Starrett ton, mostly in the morning and early afternoon; an 

Age and Growth (TL in mm) of the White Crappie in Wisconsin and Other Northern Waters 

Location 1 2 3 4 5 6 7 8 9 Source 

L. Wingra (Dane Co.) 1972-1973 92 140 165 175 179 Churchill (1976) 
Mississippi R. backwater (Buffalo Co.) 66 152 231 277 297 Christenson and Smith (1965) 

Clear L. (lowa) 72 144=«184.—S 208-2381 -272,—S272 Neal (1961) 
Avg for northern waters 66 138 193 238 268 286 313 318 363 Carlander (1977)
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estimated 14-17 hr period elapsed for the food to passed unharmed through the turbines, since no other 
pass through the stomach (Mathur and Robbins water releases occurred, and contributed to the tail- 
1971). These researchers suggested that plankton water white crappie fishery. 
feeding by adult white crappies of all sizes is related In the Mississippi River at Wyalusing (Grant 
to their long gill rakers. County), 14 white crappies were associated with the 
Gammon (1973) determined that the optimum following species: longnose gar (10), bowfin (1), giz- 

water temperature range for the white crappie, based zard shad (89), quillback (187), smallmouth buffalo 
on its selection and avoidance of thermal zones, was (1), shorthead redhorse (3), golden redhorse (7), 

27.0-28.5°C (80.6—83.3°F). Triplett (1976) noted that common carp (2), central stoneroller (1), silver chub 
the initiation of power plant operations resulted in a (1), golden shiner (110), bullhead minnow (145), 

nearly continuous congregation of fish in the outfall pugnose minnow (8), emerald shiner (340), spotfin 
area. The maximum temperature at which the white shiner (245), spottail shiner (589), river shiner (428), 

crappie has been captured was 31.1°C (88°F) (Proffitt sand shiner (6), bigmouth shiner (1), tadpole mad- 
and Benda 1971). The white crappie is active at sum- tom (1), northern pike (1), white bass (119), yellow 

mer water temperatures as high as 30.6°C (Morgan bass (4), yellow perch (5), walleye (2), western sand 

1954). During the winter months when warm-accli- darter (5), river darter (1), logperch (11), johnny darter 

mated fish in a warmwater outfall (28-30°C) were (28), smallmouth bass (1), largemouth bass (31), 

forced into a cold lake water (0-2°C), they manifested pumpkinseed (1), bluegill (173), orangespotted sun- 

apparent oxygen hunger, and continued exposure to fish (8), rock bass (1), black crappie (178), brook sil- 
the cold water was fatal (Agersborg 1930). From June verside (118), and freshwater drum (17). 
to August, no white crappies were found in water 
with less than 3.3 ppm oxygen (Grinstead 1969). This 

species tolerates pH ranging from 6.2 to 9.6 (Schne- IMPORTANCE AND MANAGEMENT 

berger 1972b). The white crappie is preyed upon by large game 
The white crappie is a schooling species. White fishes, including largemouth bass, smallmouth bass, 

crappies in the Mississippi River are more nocturnal northern pike, and muskellunge (Schneberger 1972b). 

than diurnal; their activity peaks between 2000 and The white crappie is host to the glochidial stages of 
2200 hr and between 0400 and 0600 hours. There is a the following mollusks: Amblema plicata, Fusconaia 
rapid decline in movement between the evening and ebena, Fusconaia flava, Megalonaias gigantea, Quadrula 
morning peaks and a more gradual decline between pustulosa, Elliptio dilatata, Anodonta grandis, Lasmigona 
the morning and evening peaks. In Ohio, test net complanata, Actinonaias carinata, Carunculina parva, 
catches have shown that white crappies are most ac- Lampsilis ovata, Lampsilis radiata luteola, Lampsilis teres, 
tive between 1700 hours and 0500 hours (Morgan Ligumia recta, and Proptera laevissima (Hart and Fuller 
1954). Sport fishermen are most successful in the late 1974). 

afternoon or early evening, at which time the crap- The white crappie is taken with small minnows 

pies come into the shallow waters near shore to feed and a variety of artificial baits. Hansen (1951) noted 
on minnows and small fishes, or on insects that ap- that in the morning more black crappies were caught 
pear on the water (Harlan and Speaker 1956). than white, and that in the evening the reverse was 

In a Missouri study, Funk (1957) determined that true. Extreme care must be taken in landing this fish, 
30% of the tagged white crappies moved less than 1.6 since its mouth is very tender, and the hook is easily 
km (1 mi) from the point of release; 40% moved less pulled out. The white crappie is considered an excel- 
than 16 km (10 mi); and 70% moved less than 40 km lent panfish. 
(25 mi). The movements of white crappies appear to Compared to the black crappie, which is much 
be random or haphazard. In Illinois, four white crap- more abundant in Wisconsin and has a statewide dis- 
pies were recaptured 5.6, 12.9, 25.8, and 29.1 km up- tribution, the white crappie is of limited angling and 
stream, from tagging points; others were retaken 1.8 economic importance. Commercial fishing for either 
and 3.2 km downstream (Thompson 1933). White crappie species is not allowed in Wisconsin. How- 
crappies have a strong, positive reaction to water cur- ever, liberal angling regulations for inland waters 
rents, and this may be a factor in their migration permit a daily bag limit of 50 panfish, including crap- 
(Schneberger 1972b). Siefert (1969a) determined that pies and there is no bag limit in boundary waters, 

a substantial portion of tagged white crappies emi- except in Wisconsin-Minnesota waters, where the 
grated from Lewis and Clark Lake (South Dakota) into daily bag limit is 25 panfish (Wis. Dep. Nat. Resour. 
the tailwaters below Gavins Point Dam; these fish 1979). Up-to-date fishing regulations should be con-
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sulted for current regulations, since these are subject poundment period, whereas white crappies became 
to change. dominant during the late impoundment period. 

In suitable waters, the production of white crap- They ascribed this pattern of dominance to the feed- 
pies may be considerable. In Lake Wingra (Dane ing habits of the two species: white crappie adults 
County), the estimated population and biomass (kg/ consumed fishes all year round, whereas black crap- 
ha) during May 1972 were 31,000 and 12 kg/ha re- pie adults consumed benthic insects in the spring 
spectively; during May 1973, they were 120,000 and and fishes in other seasons; the apparent reduction 
56 kg/ha; and during May 1974, they were 43,000 and in the number of insects and earthworms during the 
13 kg/ha (Churchill 1976). In Alabama (Swingle and late impoundment gave the advantage to the white 
Smith 1939), 10 white crappies weighing 1.87 kg (4 Ib crappie. 
2 0z) were stocked in February in a 0.72-ha, unfertil- As is the case in other species of the centrarchids, 
ized pond; on draining the pond the following No- stunting occurs among white crappies where the fish 
vember, 3,780 white crappies weighing 16.38 kg (36 population level is too high for the available food. It 
Ib 2 oz) were recovered. has been shown that the growth of white crappies 

The white crappie is an easy fish to propagate. It improved after population was thinned (Carlander 
thrives in fairly warm water in shallow ponds, lakes, 1977), but there was no clear-cut improvement in 
and reservoirs where the bottom may be muddy. growth following the removal of carp from fish popu- 
Vegetation is not essential to its existence. When fish lations (Scidmore and Woods 1960). After an exten- 

of this species are needed for stocking in newly cre- sive review of the factors affecting crappie growth and 
ated or rehabilitated waters, sufficient numbers can dominant year classes, Rutledge and Barron (1972) 

be obtained by netting in waters where an abundant suggested a number of methods to correct stunting. 
population exists. Consideration should be given, These included increasing the food supply; stocking 
however, to the desirability of introducing this spe- predators like largemouth bass and northern pike 
cies in areas where limited growth may occur. (there has been little evidence of success with the 

Fluctuations in the numbers of white and black longnose gar); the introduction of sterilized fish to 
crappies have been reported from a number of waters control year class abundance; encouraging crappie 

(Ball and Kilambi 1973, Starrett and Fritz 1957). In harvest; and thinning populations by the use of toxi- 
Beaver Reservoir, Arkansas, Ball and Kilambi noted cants, by trapping and seining, and by fluctuating 
that black crappies were dominant in the early im- the water level.
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Black Crappie tance from dorsal origin to eye; base length of dorsal 
fin equal to or slightly shorter than base length of anal 
fin. Anal fin with 6-7 spines and 17-18 rays; pelvic 

Pomoxis nigromaculatus (Lesueur). Pomoxis—sharp fin thoracic, with 1 spine and 5 rays; pectoral fin 
opercle; nigromaculatus—black spotted. elongate, and when laid forward across cheek reach- 

Other common names: crappie, crawpie, calico bass, ing eye; caudal fin slightly forked. Scales ctenoid, in 
strawberry bass, speckled crappie, specked lateral line 34-44; lateral line complete. Chromo- 

perch, speckled bass, speck, grass bass, Os- somes 2n = 48 (W. LeGrande, pers. comm.). 
wego bass, shiner, moonfish, barfish, silver Back and upper head dark green with blue, green, 
bass, lake crappie, butter bass, bitterhead, and silvery reflections; sides lighter, with irregular 
banklick bass, lamplighter. pattern of distinct dark blotches, and no vertical 

bands (although in some individuals partial bands on 
upper back and caudal peduncle); ventral region of 
head and belly whitish. Eyes yellow-brown. Irregu- 

5 lar, dark (often diffuse) opercle spot scarcely larger 
than diam of pupil of eye. Dorsal, caudal, and anal 
fins heavily vermiculated alternating with round to 

Pea ai pf”. wg Oe oblong yellow to pale green spots; paired fins unpig- 
x , ms ee mented to lightly pigmented. Individuals from clear 

4 2 . water show sharply contrasting patterns; fish from 
i oe turbid waters look pale. 

we Breeding male head and breast dark, usually 
darker and more iridescent than in female. 

Hybrids: Black crappie x white crappie (Hubbs 
1955, Trautman 1957). Artificial black crappie x 

Subadult 116 mm, L. Winnebago (Fond du Lac Co.), 19 Aug. bluegill, black crappie x warmouth, black crappie x 

1960 largemouth bass, black crappie x rock bass (Hester 
1970). 

EERE 
gee oe Ue Zz : eB STATUS, tee das asi 

pape toy . is eae a e black crappie occurs in a ree drainage basins 

Mie Sai air KG ees in Wisconsin. This glacial species is well distributed 
2 ‘ Ps pga: Vo ine ‘ af throughout the state, except in the streams of the 

‘ held ye alte ea bars eo driftless area of southwestern Wisconsin. 
x ae We Cones a Ga The black crappie originally did not range through 

een eet te SS “es the central and northcentral portions of Wisconsin, 

Po eee Be SS = Be in the area bounded by Waushara, Forest, Bayfield, 

po and Dunn counties (Greene 1935). Within this area, 
Adult (living) (Wisconsin DNR photo). which represents over 25% of the surface area of Wis- 

consin, only a few collection sites were known up to 
DESCRIPTION the late 1920s. Greene did not encounter this species 
Body deep, strongly compressed laterally (slab-sided). in the counties along Lake Michigan north of Ozau- 
Average length 178-254 mm (7-10 in). TL = 1.30 SL. kee County, except for those draining into the west- 
Depth into TL 2.9-3.5. Head length into TL 3.3-3.8. ern edge of Green Bay. Since the 1920s, however, the 
Mouth large, moderately oblique. Upper jaw reach- black crappie has been extensively introduced into 
ing at least to middle of eye; lower jaw heavy, tip jut- many lakes and ponds throughout the state, includ- 
ting beyond tip of upper jaw; minute conical, pointed ing those areas from which it was not originally 
teeth in brushlike pads on upper and lower jaws; known. Between 1920 and 1925, the Wisconsin De- 
lower pharyngeal arches long and narrow, with nu- partment of Natural Resources made available large 
merous fine teeth. Gill rakers on first arch close-set, numbers of fish for stocking, mostly black crappies 
long, slender and straight; about 29. Dorsal fins 2, rescued from Mississippi River backwaters. 
but completely joined and appear as 1; 7-8(6-9) The black crappie is common in lakes and larger 

spines, 14-16 rays; base length of dorsal equals dis- rivers throughout the state. It is abundant in the
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sloughs and backwaters of the Wisconsin and Missis- The black crappie is usually found in the clear, 
sippi rivers, and it is occasionally captured in the quiet, warm water of ponds, small lakes and bays, 
lower extremities of the larger tributaries of the Wis- and in the shallow waters of large lakes, sloughs, 
consin River. It is abundant in Pewaukee Lake and backwaters, and landlocked pools. It is almost al- 
Lake Poygan (Becker 1964a, 1964b), and in Lake ways associated with abundant growths of aquatic 
Winnebago it is the most abundant species of the vegetation. In Wisconsin, it was encountered in clear 
sunfish family (Priegel 1967a). In Waukesha County, to slightly turbid water, over substrates of sand (32% 
the black crappie and the bluegill appeared in 32 of frequency), mud (20%), gravel (18%), silt (9%), rub- 
40 lakes sampled (Poff and Threinen 1963)—the ble (9%), boulders (9%), clay (2%), hardpan (1%), 
highest frequency of occurrence of all fishes in those and detritus (1%). It occurred in streams of the fol- 
lakes. In the upper Mississippi River, the black crap- lowing widths: 1.0-3.0 m (2%), 3.1-6.0 m (9%), 
pie is more common than the white crappie (Bar- 6.1-12.0 m (10%), 12.1-24.0 m (38%), 24.1-50.0 m 
nickol and Starrett 1951, Kittel 1955, P. W. Smith et (31%), and more than 50 m (10%). It prefers clearer, 
al. 1971). At the barriers of tributary streams to Lake deeper, and cooler waters than does the white crap- 
Superior, the black crappie occurs sporadically, and pie (Schneberger 1972a). 
is “occasionally taken from 4 Wisconsin streams” 
(McLain et al. 1965). This species is the native crap- 
pie of Lake Wingra (Dane County), and was ranked BIOLOGY 
as a dominant fish species in the lake during the first In Wisconsin, the black crappie usually spawns in May 
two decades of this century (Noland 1951). How- and June; however, during a colder season, spawn- 
ever, in the 1944 carp seining in Lake Wingra, the ing may be delayed until July. Favorable spawning 
black crappie was outnumbered 3.5 to 1 by the white temperatures range from 17.8 to 20°C (64 to 68°F), al- 
crappie, and in 1972-1974, by a ratio of 3 to 1 though activity may begin at 14.4°C (58°F) (Sigler and 
(Churchill 1976). Miller 1963). The male sweeps out a nest of 20-23 cm
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diam, near Chara or other vegetation, in sand or fine in July, 51 mm long in August, and 64 mm long at 

gravel; nests also have been observed on muddy bot- the end of September (R. Lorenz, pers. comm.). The 

toms. Nests are built in shallows of 25 cm—0.6 m, as growth of black crappies in the Fountain City back- 

well as at depths up to 2 m or more. The nests are water areas (Buffalo County) was generally faster than 

generally spaced 1.5-1.8 m apart. in any other Wisconsin waters reported. 

Pearse (1919) observed about a dozen male black More than 50% of male and female black crappies 

crappies on nests in a lagoon of Lake Wingra (Dane are mature at age II; 83% of the males and 79% of the 

County) on 20 May. The nests were bare places on a females mature at age III (Nelson 1974). 

clay bottom, adjacent to submerged aquatic plants In the Mississippi River (Pools 4-6) during 1955, 

along the edge of an undercut clay bank, in 0.6 m of Kittel (1955) noted the following frequency of occur- 

water. In Illinois, a black crappie nest was hollowed rence in survey samples of each age class from I 

out under the leaves of a water parsnip, and was sur- through VII: 106, 120, 67, 5, 10, 11, and 1. From this 

rounded by smartweed and Juncus (Richardson 1913). limited sample, it appears that after age III the mor- 

Some of the eggs had adhered to fine roots in the tality of black crappies is high and that few large 

bottom of the nest, but most were on the leaves of crappies remain in the fishery. Kelley (1953) noted a 

the water parsnip, 5-10 cm above the bottom of the decline in trap-net catches of 4- and 5-year-old fish 

nest. This nest was guarded by a 15-cm-long male, from May to September, and concluded that the prin- 

who was so gentle that he moved away when a hand cipal cause was natural mortality. In Murphy Flow- 

reached toward him. Normally, the male black crap- age (Rusk County) from 1955 to 1969, the natural 

pie guarding a nest is quite belligerent and will attack mortality of black crappies was 42%, and the esti- 

intruders or objects within his territory. He guards mated mortality through angling was 11% (Snow 

the nest and protects the young until they start to 1978). In Illinois, a natural death rate of more than 

feed. 50% occurred in large broods of white and black crap- 

The female black crappie may spawn with several pies during their third year of life; anglers took about 

males and may produce eggs several times during 7% of the harvest of catch-sized crappies, and the re- 

the spawning period. Water-hardened eggs average mainder was largely lost through natural mortality 

0.93 mm diam (Merriner 1971a). The number of eggs (Starrett and Fritz 1957). 

produced by fish 3-8 years old was 3,000—188,000, In 1947, a 457-mm, 1.70-kg (18-in, 3-Ib 12-02) black 

or approximately 132,000/kg (60,000/Ib) of fish (Ves- crappie was caught from Mirror Lake (Sauk County). 

sel and Eddy 1941). In Indiana, 3- and 4-year-old black A 457-mm, 1.79-kg (18-in, 3-Ib 15-0z) fish was taken 

crappies averaged 33,700 and 41,900 eggs respec- from Blue Spring Lake (Jefferson County) in 1961 [Wis. 

tively (Ulrey et al. 1938). The fecundity of Lake Win- Conserv. Bull. 1961 26(6):22]. A 502-mm, 2.04-kg 

gra females that were 163-180 mm TL on 25 May was (19.75-in, 4-Ib 8-0z) crappie was hooked from the Gile 

11,400 (7,900-19,100) eggs (Churchill 1976). The me- Flowage (Iron County) on 12 August 1967 (Wis. Dep. 

dian hatching time in the laboratory was 57.5 hr at Nat. Resour. 1977); although listed as a white crap- 

18.3°C (65°F) (Merriner 1971b). pie, it was more than likely a black crappie since white 

In Vilas County lakes, black crappie larvae first ap- crappies are not known from the Lake Superior 

peared during the first half of June and continued to drainage. A 489-mm, 2.27-kg (19%-in, 5-lb) black 

appear in small numbers through most of July (Faber crappie was taken from the Santee-Cooper Reservoir 
1967). in South Carolina in 1957 (World Almanac 1976). 

Characteristics useful in separating larval black The black crappie is carnivorous in its feeding hab- 

crappies from larval white crappies, are given in the its. The food of very young black crappies is pri- 

white crappie species account (p. 860). marily Cyclops and Cladocera; small insect larvae are 

In southern Wisconsin, young-of-year black crap- less important (Pearse 1919). The food of 140 black 

pies were 25 mm long at the end of June, 45 mm long crappies 165-200 mm long, taken between February 

Age and Growth (TL in mm) of the Black Crappie in Wisconsin 

Location 1 2 3 4 5 6 a Source 

Drainage lakes, northwestern Wis.? 61 124 173 203 229 249 246 Snow (1969) 

Seepage lakes, northwestern Wis.* 163 168 196 229 239 Snow (1969) 

Mississippi R., Pools 4-6 84 137 187 234 269 282 302 Kittel (1955) 
Mississippi R. (Buffalo Co.) 69 145 216 262 290 Christenson and Smith (1965) 

L. Wingra (Dane Co.) 73 133 170 202 269 296 352 Churchill (1976) 
Spauldings Pond? (Rock Co.) 114 152 165 Threinen and Helm (1952) 

Actual lengths at time of capture, not calculated to annulus.
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and October in Lake Wingra (Dane County), was that continues to feed during the winter and that 
composed of Cladocera (33% volume), chironomid does not go into semihibernation. 

larvae and pupae (24%), amphipods (11%), fish (9%), Although Reynolds and Casterlin (1977) deter- 

ephemeropteran nymphs (6%), copepods (5%), adult mined that the black crappie had the lowest temper- 
(flying) chironomids (4%), and Odonata nymphs ature preference [24°C (75.2°F)] of the fish tested, 

(2%); other food items, each forming less than 1% of Neill and Magnuson (1974) noted that the preferred 
the digestive tract materials included hemipteran temperature of crappies from Lake Monona (Dane 
nymphs and adults, caddisfly larvae, grasshoppers, County) was 28.3°C (83°F) in both the field and the 
beetles, ostracods, mites, snails, leeches, algae, mis- laboratory. Black crappies in the heated area of a 
cellaneous plants, silt, and debris. In Lake Mendota South Carolina reservoir had higher length-weight 
(Pearse 1921a), the black crappie had consumed the relationships and higher mean coefficients of condi- 
following foods: fish (16.6% volume), insect larvae tion than those from unheated portions (Bennett 

(13.3%), insect pupae (10.8%), insect adults (19.2%), 1972). 

cladocerans (16%), copepods (4.2%), ostracods (6.6%), Moore (1942) determined an oxygen threshold for 

and plants (13.3%). the black crappie at 1.4 ppm at near-freezing temper- 

In the diet of black crappies from northwestern atures. In Lake Traverse, Minnesota, crappies were 
Wisconsin lakes, Van Engel (1941) found that fish distressed but alive at 1.1 ppm oxygen (Moyle and 
outranked invertebrates in importance when mea- Clothier 1959). The thresholds found by Cooper and 
sured by the volume of food in stomachs, although Washburn (1949) in Michigan winterkill lakes were 
the latter were found in a greater number of the notably lower: In one lake, with an approximate 
stomachs; e.g., in Silver Lake, fly nymphs were pres- minimum concentration of dissolved oxygen of 0.8-0.5 
ent in 44% of the stomachs and fish in 38.7% of the ppm in the upper 0.3-1.2 m of water there was good 
stomachs, but the fish accounted for 88.2% of the to- survival of black crappies; in a lake with a concentra- 
tal volume of food and the nymphs for only 2.7%. In tion of 0.3-0.1 ppm, there was still some survival of 
January and February collections at Big Round Lake, that species, although black crappies and other spe- 
Leptodora and fish were absent from the diet, and cies also sustained heavy mortalities. 

Chaoborus larvae were found in 94-97% of the stom- The black crappie, more than any other species, 
achs and accounted for 30-50% of the volume of suffered sudden mortality in waters of Lake Waubesa 
food. In July, fish appeared in the diet of only those and the Yahara River (Dane County) which were su- 
crappies over 14 cm SL; the fish consumed were persaturated with dissolved oxygen as a result of al- 
bluntnose minnows, perch, bluegills, and large- gal bloom (Woodbury 1941). All of the fish looked 
mouth bass. In a Mississippi River study (Ranthum normal in death except for small gas bubbles under 
1969), 21 of 36 black crappies contained fish, includ- the skin and in the fin rays. The gills contained gas 
ing gizzard shad and one small bullhead. Fish were emboli large enough to obstruct the blood flow, and 
an important summer food, particularly in July and death was due to respiratory failure. 
August. In November and December, cladocerans The black crappie is a gregarious fish that travels in 
made up most of the food volume. schools. Moyle (1969) observed schools of 20-25 fish; 

A study of feeding periodicity in Illinois (Childers during the day each school was located around a sub- 
and Shoemaker 1953) indicated that the black crappie merged tree, usually at a depth of 1-3 m, but during 
feeds most actively at dusk, from 1600 to 1800 hr, and the evening the schools moved out over deep water, 
that a second less active feeding period occurs at where they remained within 1-3 m of the surface. 
dawn, from 0600 to 0800 hr. Light feeding continues Keast (1965) has noted some nocturnal movement 

at night from 1800 to 0600 hr; there is practically no into the shallows by the black crappie and the rock 
feeding during the day. bass. Young black crappies may often be found 

The black crappie is a midwater feeder. It feeds swarming in shallow, quiet, or protected waters. 

among aquatic vegetation in the open water, and to Adult fish may rest suspended and motionless, ex- 
some extent at the surface. The black crappie’s nu- cept for occasional flicks of the pectoral fins. 
merous gill rakers permit it to consume planktonic The movements of the black crappie include migra- 
crustaceans at least until it reaches a large size, if not tions. Black crappies living in large bodies of water 
throughout life. The success of the black crappie in may migrate several kilometers (Schneberger 1972a). 
many waters may be attributed to its ability to con- Evidence of winter movement under the ice by black 
sume foods of all types and sizes. The black crappie crappies in a backwater channel of the Mississippi 
is one of the few members of the centrachid family River was determined by Greenbank (1956); the
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greatest movement occurred in early February when will rise to a dry fly. The black crappie has a tender 
the ice had its greatest snow cover. mouth, from which hooks are easily torn. Because it 

In Glass Lake (Grant County) of the Mississippi is active and feeds throughout the winter, this spe- 
River, 509 black crappies were found with these spe- cies is a popular quarry for ice fishing enthusiasts in 
cies: longnose gar (1), gizzard shad (32), bigmouth some parts of Wisconsin. 
buffalo (2), spotted sucker (4), white sucker (1), golden The rank of the combined crappie species in the 
shiner (76), pugnose minnow (4), spotfin shiner (2), Mississippi River sport catch was fourth in 1957 and 
spottail shiner (32), weed shiner (1), tadpole mad- second in 1962-1963 (Nord 1967). The estimated catch 

tom (4), grass pickerel (4), northern pike (5), white of all crappies for Pools 4, 5, 7, and 11 in 1967-1968 

bass (3), yellow bass (3), yellow perch (36), walleye was 277,369 fish weighing 68,090 kg (150,100 Ib), or 

(8), logperch (6), johnny darter (1), mud darter (1), a weight of 245 g (0.54 Ib) for each fish caught (Wright 

largemouth bass (112), bluegill (2), white crappie (6), 1970). Considering the relative abundance of the spe- 
and brook silverside (28). cies, the figures undoubtedly represent more black 

crappies than white crappies for all pools, with al- 
IMPORTANCE AND MANAGEMENT most a total dominance of black crappies in the 

While black crappies are carnivorous in their feeding upriver pools. In Pools 4—6 during 1955, the average 
habits, they are also eaten by a number of other ani- number of black crappies taken per trap net lift was 
mals. Fish that prey on black crappie fry and finger- 17.5 out of a total of 32.4 fish of all species (Kittel 

lings include perch, walleyes, bass, northern pike, 1955). By comparison, yellow and white bass aver- 
and muskellunge. Yearling and adult crappies are aged 3.6 fish per lift, carp 2.0, and white crappies 0.2. 
suitable prey for the larger muskellunge and north- In Escanaba Lake (Vilas County), the black Crappie 
ern pike (Schneberger 1972a). Fish-eating birds that never exceeded 6% of the spring standing crop of 
feed on black crappies include the great blue heron, sport fishes available to the angler from 1956 through 
American merganser, kingfisher, and bitterns. Otter 1969 (Kempinger et al. 1975). During the same pe- 
and mink are probably the only predatory mammals riod in which the other centrarchid populations de- 

that feed on the black crappie. Schneberger sug- clined, the black crappie population also decreased 
gested that snapping turtles and water snakes may and remained low. From 1955 through 1969, 7,482 
occasionally feed on this species. black crappies weighing 2,422 kg (5,339 Ib) Were 

The black crappie is host to the glochidia of the fol- caught by anglers from Escanaba Lake: this repre: 
lowing mollusks: Amblema plicata, Fusconaia ebena, sents 2% of the total number of fish of all species 
Fusconaia flava, Megalonaias gigantea, Quadrula nodu- caught, and 3.9% of the total weight harvested. In 
lata, Elliptio dilatata, Anodonta grandis, Actinonaias car- Murphy Flowage (Rusk County) from 1955 to 1970, 
inata, Lampsilis radiata luteola, and Lampsilis teres (Hart the black crappies harvest represented 4.4% of all the 
and Fuller 1974). fish caught and 5.8% of their weight (Snow 1978). The 

Schneberger (1972a) has suggested that the activi- estimated total number of black crappies caught from 
ties of the carp may benefit the feeding and breeding June to August 1970 in Black Oak Lake (Vilas County) 
activities of the black crappie by converting the habi- was 445 fish (190-290 mm); these constituted 5.3% of 
tat from a weedy to a more open-water environment. the total catch (Serns and McKnight 1974). The esti- 
Crappies have been known to be relatively abundant mated catch from Laura Lake (Vilas County) was 121 
in areas populated by carp. black crappies (229-328 mm), or 1.7% of the total 

In Iowa, Neal (1961) noted that there was a shift in catch. : . 

the dominant population in Clear Lake from black When large sport fish prove uncooperative, when 
crappies to white crappies. He suggested turbidity as human appetites have been whetted for a ready fish 
a reason for this change. The spread northward into dinner, it is the crappie which often fills the bill. 
Wisconsin of the white crappie, its greater incidence The flesh of the black crappie is white, flaky, and 
in Wisconsin waters in recent years, and the in- tasty; however, fish from some waters may have 2 
creased turbidity of our waters imply that a similar slightly muddy taste. An overnight soaking in cold 
population shift may be occurring in Wisconsin. The saltwater, followed by a thorough rinsing before 
shift in crappie species incidence in Lake Wingra, cooking, is said to improve the taste. Schneberger 
noted above, supports this view. (1972a:13) has described methods for cooking black 

The black crappie ranks high as a sport fish and a crappies: 

panfish. It is caught on small minnows, worms, and ... They are usually fried in a heavy skillet after having 
a wide variety of artificial lures, and occasionally it been dipped in flour, in a flour and cornmeal mixture or in
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a commercially prepared breading. Any number of cooking ord of this species in that lake. Fishing remained 
oils, shortenings or combinations with butter may be used poor. In 1941 the lake was netted and poisoned; the 
depending on individual preferences. A well-known fish- only species which seemed to have been holding its 

ing guide prepares the cooking fat by first frying bacon in own was the dominant black crappie: all size groups 
butter. Bacon sandwiches are then eaten along with the from 51-305 mm were taken. O’Donnell viewed the 

puedes black crappi “ecologically dominant,” although ppie as “ecologically dominant,” althoug) 
In 1976, crappies were bringing $1.89 per pound carp made up 55.1% of the total weight. 
($4.16/kg) in a Milwaukee food store. The removal of larger fishes through selective fish- 

In Wisconsin, commercial fishing for the black ing causes crowded populations of stunted crappies. 
crappie is not allowed, but liberal sport fishing regu- Even with liberal angling regulations, overpopula- 
lations are in force. The season in inland waters is tions are often a problem. Studies by the Wisconsin 
year-round; there is no size limit, but there is a daily Department of Natural Resources at Murphy Flow- 
bag limit of 50 panfish, including the black crappie. age and at the Northern Highlands Forest Research 
In boundary waters there is no bag limit, except in Station show that angling is not able to control popu- 
Wisconsin-Minnesota waters, where the daily limit is lations to prevent overcrowding. The stocking of 
25 panfish. Up-to-date regulations should be con- large predator species to control overpopulation has 
sulted, since regulations are subject to change. not been successful because of the rapid removal of 
Many problems have been associated with the the predators by anglers (Schneberger 1972a). 

management of black crappies, some of them evolv- The history of Spauldings Pond (Rock County) 
ing from the widespread stocking of this species in (Threinen and Helm 1952) also illustrates runaway 
waters formerly famed for their larger sport fish spe- black crappie populations. In 1945, bluegills made up 
cies. In the 1947-1948 Biennial Report of the Wiscon- 47% of the total fyke net catch from the pond; by 1946 
sin Conservation Commission (1949) the black crap- this figure had declined to 8.3%; and by 1951 it had 
pie was called the “carp of the north” because it dropped to 4.6%. The incidence of crappies in the 
became so abundant in many northern Wisconsin catch increased from 47% in 1945 to 87.5% in 1946, 

lakes, prevented the growth of other fishes, and and to 91% in 1951. At the same time, stunting oc- 
often became stunted itself as a result of competition. curred among the crappies: the largest crappie in 
By preying on the young of other species, especially 1945 measured 284 mm (11.2 in), whereas the largest 
predator fish species, black crappies may greatly alter fish in 1951 measured a mere 178 mm (7 in). 
other fish populations. Black crappies, carp, largemouth bass, and blue- 

Undoubtedly the crappie has been blamed for im- gills were stocked in a number of experimental ponds 
balances among fish species which should be attrib- at the Delafield Hatchery (Waukesha County) (Mraz 
uted to other factors. In the late 1800s, Long Lake and Cooper 1957b). The adult fish were stocked dur- 
had a reputation for being one of the best small- ing April and May, and the ponds were drained dur- 
mouth bass lakes in Bayfield County (O’Donnell ing December. For this 5-month period, the average 
1943). In 1891 carp were planted in the lake in order survival rates for the four species were: carp 95.5%, 
to “make fishing better.” The bass fishing began to largemouth bass 49.5%, bluegills 35.8%, and black 
decline rapidly, and by 1920 had become so poor that crappies 44.0%. Reproduction of black crappies in 
angling had almost been abandoned. Around 1930, these small ponds was uniformly low, never exceed- 
yellow perch were introduced, and in 1937 Long ing 1,258 per hectare, and failing entirely in two trials 
Lake received 700 adult black crappies, the first rec- out of six.



Perch Family— 
Percidae 

Eighteen species of percids in five genera are known from Wiscon- 
sin. This does not include the greenside darter (Etheostoma blennioides), 

which has been incorrectly reported from southeastern Wisconsin. In 
the United States and Canada, 130 species in 5 genera are known 
(Robins et al. 1980). 

The percidae appear to have originated in Europe from some basal 
percoid family during the Cenozoic, and to have spread to North 
America through at least two separate invasions. Percids have been 
known from the Upper Cretaceous and Oligocene of Europe, and from 
the Eocene of North America. 

The darters, all of which are of North American origin, exhibit the 

greatest evolutionary development. The three genera, Percina (30 spe- 
cies), Ammocrypta (7 species), and Etheostoma (89 species), represent a 

cline from the primitive to the advanced. 
By using 45 characters involving pigmentation, squamation, biochem- 

istry, counts, and measurements, Page (1974) was able to develop a phy- 
logeny for the genus Percina. Percina has a system of uninterrupted head 
canals and a complete lateral line (Page 1977). Ammocrypta is similar to 
Percina, but shows a reduction in some species in the number of pores in 
the head canal system. In the most advanced Etheostoma, the pores have 
been lost and the canals have become interrupted in the head canal and 
lateral line systems. Bailey and Gosline (1955) demonstrated the value of 
vertebral counts in the taxonomy of the Percidae and their utility in as- 
sessing relationships and deciphering phylogeny. 
Members of the perch family are widely spread throughout Wiscon- 

sin. These are advanced fishes with ctenoid scales, and with the pelvic 
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fins well forward and almost beneath the pectoral fins (thoracic posi- 
tion). All have one spine and five rays in the pelvic fins. The two dorsal 
fins are separate, the first dorsal with 6-15 spines and the second with 
only soft rays. The anal fin is small, with one or two spines, and the 
caudal fin is shallowly forked to rounded. The preopercle is smooth or 
serrate on its posterior edge, and the opercle usually ends in a single flat 
spine. The swim bladder is present in Stizostedion and Perca, but it is 
reduced or absent in Percina, Ammocrypta, and Etheostoma. If the swim 
bladder is present, it is without a duct to the pharynx (physoclistous 
condition). 

Breeding tubercles are now known for 48 percid species. They function 
primarily in maintaining contact between the male and the female during 
the spawning act (Collette 1965). Walleyes, saugers, and perch lack these 
structures, and usually spawn in more slowly moving waters; they gen- 
erally display little external sexual dimorphism. Males of most species of 
darters are much more brightly colored than females, especially during 
the spawning season. 

The percids are limited in their range by high summer temperatures. 
They are adapted to temperature climates of the northern hemisphere, 
where water temperatures are less than 4°C (39°F) for more than 8 

months of the year in the northernmost parts of their range, and may 
reach about 32°C (90°F) in the southernmost extremities of their native 

range (Collette et al. 1977). 
The walleye, sauger, and perch are among the most valuable sport and 

commercial fishes in Wisconsin. As food fishes, these species rank 
among the favorites and command high prices. 

The darters are considered important links in the food chains of fishes. 
Darters are also among the most beautiful of our native fishes; their 

colors are striking, and they make interesting aquarium pets, although 
some species are hard to keep alive. 

The darters appear to be particularly sensitive to changes in their 
aquatic environments. Some react negatively to impoundments, since 
they need swift-running water over silt-free bottoms. In areas of heavy 
human settlement, most species of darters are quickly lost.
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Walleye fusely pigmented, no definite horizontal rows of 
spots; last few membranes black. Second dorsal and 

caudal fins with dark spots in regular rows; ventral 
Stizostedion vitreum vitreum (Mitchill). Stizostedion— lobe of caudal fin often white-tipped. Pectoral fins 

pungent throat, according to Rafinesque; vit- pigmented with dark blotch at base; pelvics and anal 
reum—glassy, from the large eye. largely clear. 

Other common names: yellow walleye, pickerel, yel- Sexual dimorphism: In male, .a single urogenital 
low pickerel, yellow, yellow pike, perchpike, opening behind the anus; in female, 2 openings (gen- 
yellow pikeperch, walleye pike, walleyed pike, ital and urinary) behind the anus (Moen 1959). 
walleyed pikeperch, walleyed pickerel, dory, Breeding male without nuptial tubercles. 
glasseye, white-eye, blue pike, gray pike, green Hybrids: Walleye x sauger (Stroud 1948). 
pike, grass pike, jack, jack salmon, white 
salmon, okow, hornfish, blowfish, gum pike. SYSTEMATIC NOTES 

For many years the blue pike (Stizostedion vitreum 
glaucum) from Lakes Erie and Ontario, and possibly 
from other northern waters, has been recognized as 

7 x a separate form. It is distinguished from the walleye 
oe ey nl by its blue color, slightly larger eyes set higher on 
= I santa ent the head, a different spawning time and place, a 

g slower growth rate, smaller ultimate size, and differ- 
Subadult 205 mm, L. Winnebago, Aug. 1960 ent depth distribution (Scott and Crossman 1973). To- 

day the blue pike is almost, if not entirely, extirpated 
(Committee on Rare and Endangered Wildlife Spe- 

DESCRIPTION cies 1966). 
Body elongate, almost cylindrical but slightly com- 
pressed laterally. Length 36-43 cm (14-17 in). TL = DISTRIBUTION, STATUS, AND HABITAT 
1.21 SL. Depth into SL 4.9-5.4. Head length into SL It is believed that the walleye was originally confined 
3.1-3.5. Preopercle serrated on posterior edge. Gill to the larger lakes and waterways in Wisconsin. The 
membranes extended forward, narrowly joined to one extensive stocking of walleye fry and fingerlings that 
another, and narrowly joined to isthmus. Premaxil- 
laries protractile, upper lip groove continuous over ebgee. 
tip of snout. Mouth large, almost horizontal, upper pea ee ON ae 
jaw reaching about to back of eye, jaws equal ante- wf a ae 
riorly; strong caninelike teeth on premaxillaries, lower sly 7a eee 
jaw and palatines; pharyngeal arches with short re- a : {2 ¥ 
curved teeth. Gill rakers on lower limb of first arch fr reg Q 
thin, long, about 8. Branchiostegal rays usually 7. a te By ; st 
Dorsal fins 2; first or spiny dorsal fin with 13 (12-14) 2 | [a ery & e 

spines; second dorsal fin with 1-2 spines, 18-21 rays. ¢ Pelee - CF ¥ Ff 

Anal fin with 2 spines and 13 (11-14) rays; pelvic fins ; ‘ Mt AY fgg 
thoracic, space between pelvic fins greater than one- wuld 1 T ‘ 
half length of base of pelvic fin. Scales ctenoid; cheeks * é Le | er] 
scaleless or nearly so; opercles mostly naked; breast Olli a | fw @ 
and belly scaled. Lateral line complete, scales 77-87. NG 4 { 
Pyloric caeca usually 3, about same length as stom- g 4 } 
ach. Vertebrae 46-47 (Bailey and Gosline 1955). [original range P| Z 

Dorsal region of head and back brown, olive, to f a fo 4 , 
brassy yellow; sides paler; ventral head and belly yel- . | ere | \ 
low to white. Sides and back variously speckled with Sa f 
dusky spots; in younger fish, vague dusky bands Pet is 
(about 9) across back and down sides. Eyes silvery in 

life; a reflecting layer (tapetum lucidum) causes glow- The original range of the walleye in Wisconsin (after Niemuth 
ing in dark. Membranes on the spiny dorsal fin dif- et al. 1959a:2)
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occurred early in many Wisconsin waters partly ob- though during the spawning season it is frequently 
scured the original distribution of the species. Today taken in moving water. Occasionally it occurs in the 
the walleye is present throughout Wisconsin. lower ends of small tributaries to large rivers. On the 

The walleye is common locally in large rivers and Mississippi River, walleyes frequent the main chan- 
in most large lakes in the state (Wis. Dep. Nat. Re- nel, the deeper side channels, Lake Pepin, and some 
sour. 1971). It is uncommon at the barriers within other river lakes (Nord 1967). At certain times they 
tributaries to Lake Superior (McLain et al. 1965). The occur below the dams and along riprap banks and 
walleye fishery is particularly well known in the Fox wing dams. 
and Wolf river basins and their connecting lakes, the According to Niemuth et al. (1959a), walleyes pre- 
boundary waters of the Lake Michigan drainage, the fer moderately fertile waters, but they occur in all 
central and lower portions of the Wisconsin River, types of lakes, including the darkly stained dys- 
the northern resort waters, and the Mississippi River. trophic, or bog, lakes; the oligotrophic, or clear, soft- 

The walleye is generally associated with large riv- water lakes; and the eutrophic, or fertile, hardwater 
ers and drainage lakes, “although excellent popula- lakes which combine the necessary spawning grounds 
tions are also sometimes found in smaller landlocked and feeding areas. Most walleye lakes are more than 
waters” (Klingbiel 1969). Many large impoundments 80 ha (200 acres) in size, and have substantial areas 
also contain substantial walleye populations even in of open water. Reproduction is often sporadic in the 
drainages where the species is not native. more fertile waters. 

The walleye was encountered most frequently in 
clear water, over substrates of sand, gravel, mud, BIOLOGY 
rubble, boulders, clay, silt, and detritus (in decreas- The spawning migration of the walleye begins soon 
ing order of occurrence). It is found mostly in the after the ice goes out, at water temperatures of 
quiet water of lakes, backwaters, and sloughs, al- 3.3-6.7°C (38—44°F). Walleyes have specific spawn-
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ing habitat requirements, although no nests are built Montello Dam (Marquette County), which is a dis- 
and the eggs are broadcast over a suitable substrate. tance of 123 river kilometers (76 mi) from Lake Win- 
In lakes with rocky shorelines, the rocky, wave- nebago. Active spawning occurs in the Montello River 
washed shallows are the primary spawning grounds. when water temperatures reach 5.6°C (42°F) in early 

On lakes with inlet waterways, spawning occurs in April. 

inlet streams on gravel bottoms. In some places wall- Spawning in the Eau Pleine Reservoir (Marathon 
eyes spawn on flooded wetland vegetation. County) occurred toward the end of April, and vir- 
Spawning in Wisconsin generally occurs between tually ceased after 1 May (Joy 1975). In Pike and 

mid-April and early May, although it may extend Round lakes (Price County), ice-out occurred on 7 

from the beginning of April to the middle of May. May 1972 and spawning activity peaked on 10 May, 
Walleye spawning ordinarily reaches a peak when probably because of unseasonably warm weather im- 
water temperatures are 5.6-10°C (42-50°F); it has mediately following ice-out (Bever and Lealos 1974). 

been observed, however, at temperatures as high as Walleyes spawned in Escanaba Lake (Vilas County) 
17.2°C (63°F). Northern Wisconsin has a spawning in late April (Morsell 1970). In the Rock River below 
season 1-2 weeks later than southern Wisconsin Hustisford (Dodge County), spawning occurred from 
(Niemuth et al. 1959a). 8 to 16 April, and was observed by H. Neuenschwan- 

Details of spawning by walleyes in the Wolf-Fox der (pers. comm.) early in the morning and in the 
river system have been provided by Priegel (1970b). evening; he also observed spawning during the day 
Walleyes from Lake Winnebago and connecting wa- and at times through the night. 
ters prefer to spawn in the flooded marsh areas ad- In the Mississippi River, on 14 April 1969, a spawn- 
jacent to the Wolf and Fox rivers. These marshes are ing concentration of walleyes and saugers was lo- 
located in the flood plain, and in most cases they are cated over a rock-riprapped dike adjacent to Lock 
old oxbows that are flooded only during the spring and Dam 6 (Trempealeau County) (Upper Miss. R. 
runoff; they all have inlets and outlets which provide Conserv. Com. 1970, Gebken and Wright 1972b). Ripe 
a continuous flow of water over the marsh area dur- males outnumbered ripe female walleyes by a factor 
ing the period of high water levels in the rivers. This of 7:1. Walleye eggs were recovered from the site. 
flowing water is considered to be the key to success- According to Gebken and Wright, earlier workers have 
ful spawning by the walleye, and to the escape of suspected that flooding contributes to the varying year 
walleye fry to the river. class strengths of walleyes and saugers. Gebken and 

Adjacent to the Wolf River there are 13 major Wright suggested that walleyes and saugers spawn 
spawning marshes, located 53-157 river kilometers in Pool 7 of the Mississippi River during periods of 
(33-97 mi) from Lake Winnebago. In Spoehr’s Marsh moderate or low flooding and that as flood waters 
near Shiocton (Outagamie County), male walleyes in rise suitable spawning areas become increasingly 
most years frequent the marsh over a 3- to 4-week available, with suitability depending on the slope and 
period, while females occur there only during the ac- size of the riprapped substrate. 
tual spawning. Females are usually found near the The walleye is not a territorial fish at spawning 
outlet of the marsh, either in the adjacent river chan- time, but courtship behavior has been noted among 

nel or in deeper areas of the marsh. There is a strong fish grouped over shallow spawning grounds at night 
indication that females move into the marsh only (Ellis and Giles 1965). Ellis and Giles have described 
when spawning is imminent and leave the marsh as courtship and spawning behavior (p. 360): 
soon as spawning has been completed—all within a 
1-day period. Walleye eggs are usually found where . . . Overt courtship began by either males or females ap- 
the water is between 30 and 76 cm (12 and 30 in) deep, proaching another of either sex from behind or laterally 
over vegetation mats of sedges and grasses. Walleye and pushing sideways against it or drifting back and cir- 

spawning also occurs in Lake Winnebago along the cling around pushing the approached fish backwards. The 
west shore, especially near the mouth of the Fox first dorsal fin was alternately erected and flattened during 
River, about a week after spawning on the river these approaches. The approached fish would either hold 

A position or withdraw. Approaches and contact of this sort 
marshes (Priegel 1968c). as : : 

Walleves inioratine out of Lake Winnebago on the appeared to be the preliminary essentials of courtship and 

y 8 8 2 . 8 . were promiscuous, i.e., there was no continued relation- 

annual spawning run may move into the Fox River; ship between any particular pair of fish. Activity increased 
when water levels are high, they may migrate be- in frequency and intensity and individuals began to make 
yond the Eureka Dam (Priegel 1966b). Once above preliminary darts forward and upward. Finally one or more 
the dam, it is possible for them to migrate into Lake females and one or more males came closely together and 
Puckaway (Green Lake County), or as far as the the compact group rushed upward. At the surface the
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group swam vigorously around the compound until the the current is most rapid. Marking experiments have 
moment of orgasm when swimming stopped and the fe- suggested that fry migrating out of marshes above 
males frequently turned or were pushed violently onto Shiocton are able to reach Lake Winnebago within 
their sides. This sideways movement by the females was 3-5 days. In Lake Winnebago, the food supply is 
taken as an indicator of spawning even when no eggs or readily available and abundant. 
milt were seen. On one occasion during orgasm a male was Similar i Heations by Presél on the Fox River 
clearly seen to have the first dorsal fin fully erected. _cunwal HWesu gat y 8 . . 

disclosed that the current was slow, especially in the 
Similar observations have been made by Priegel wider sections of the river, and that it was probably 
(1970b) and O’Donnell (1938). O’Donnell estimated not sufficient to carry the fry downstream. Evidence 
that 200-300 eggs were released with each spawning also showed that walleye fry passing over low-head 
act, and that the act was repeated at 5-min intervals. dams, such as the Eureka Dam (Winnebago County), 
Priegel observed that, once the upward rush began, may either be killed or trapped in the eddies below 
only two males flanked each female, while the rest of the dam. The data indicated that, when water veloc- 
the males followed in close pursuit. Females may ity was high, walleye fry were unable to survive pas- 
spawn out completely in 1 night, whereas males have sage over the dam; at lower velocities, they were able 
the potential for spawning over a longer period (Ellis to pass safely over. 
and Giles 1965). The early development of the walleye, from the 4- 

Walleyes usually broadcast their eggs; they exercise hour through the 6-day and hatching stages, has been 
no parental care. After release, the adhesive eggs illustrated and described by Deason (1934). Norden 
stick to one another and to objects they touch for the (1961) illustrated the 8- and 14.8-mm stages, and de- 
first hour or two. Water then hardens the external termined that the number of postanal myomeres in 
egg membrane, and the adhesive qualities are lost. walleye larvae (26) can be used for separating them 

The diameter of mature eggs from ripe walleyes in from yellow perch larvae (18). Fish (1932) illustrated 
Lake Winnebago varied from 1.8 to 2.1 mm (Priegel and described the 7.8-, 12.5-, and 32-mm stages of 
1969c). The egg production of Lake Winnebago wall- the walleye. Scales first appeared on the caudal pe- 
eyes ranged from 43,255 eggs for a 442-mm, 680-g duncle in 24-mm young from Lake Winnebago, and 
(17.4-in, 1.5-lb) fish to 227,181 eggs for a 615-mm, 45-mm fish were completely scaled (Priegel 1964c). 
2,359-g (24.2-in, 5.2-Ib) fish. In lakes, walleye fry probably move into open 

The eggs hatch in 26 days at a water temperature water and lead a pelagic existence until a length of 
of 4.4°C (40°F), in 21 days at a temperature of 2.5 cm or more is attained (Eschmeyer 1950). In 
10-12.8°C (50-55°F), and in 7 days at a mean temper- northern Wisconsin lakes, Faber (1967) collected 

ature of 13.9°C (57°F) (Niemuth et al. 1959a). All- older larvae in both surface and bottom waters in 

baugh and Manz (1964) determined that walleye eggs June. In Escanaba Lake (Vilas County), fry move out 
and fry suffered no damage with rapid temperature to open water within a day or two after hatching, 
fluctuations of 4.4°C (8°F). where they remain until they are about 30 mm long 

On Spoehr’s Marsh, newly hatched walleye fry av- (Morsell 1970); in late June they return to inshore 
eraged 7.6 (6.0—8.6) mm TL (Priegel 1970b). All indi- areas of the lake. 
cations are that, upon hatching, the fry must leave After the yolk-sac has been absorbed, walleye fry 
the marsh to reach a food source within 3-5 days, or feed first on plankton crustaceans, then on insect lar- 

they will perish. They are probably swept out of the vae, principally chironomids. The greatest growth in- 
marsh by water currents and carried by river cur- crease of the fry occurs from July to August, which 
rents into Lake Winnebago or into upriver lakes be- probably indicates a change in the diet from zoo- 
fore the food supply in their yolk-sacs has been used plankters to insect larvae and forage fishes (Priegel 
up. The majority of the fry taken in the river channel 1969b). Lake Winnebago walleyes less than 75 mm 
as it enters Lake Winnebago have absorbed their long are plankton feeders, but turn to forage fishes if 
yolk-sacs. these are abundant. In Escanaba Lake, the yellow 

Newly hatched walleye fry have not yet developed perch is clearly an important food of young-of-year 
paired fins, and their movement is restricted to ver- walleyes, and appears to be selected over inverte- 
tical swimming. Fry sink in the water 15-20 cm, and brate food items (Morsell 1970). 
then, with a vigorous motion of the tail muscle, move In Lake Winnebago, young-of-year walleyes are 
in a vertical direction to the surface again. When generally over 75 mm TL at the end of July; by the 
most walleye fry move down from the marshes, they end of October they are 130-137 mm TL (Priegel 
travel in midriver near the surface of the water where 1969b).
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The age of walleyes is determined by reading reach sexual maturity at age III, while most females 
scales. According to Priegel (1969a), the precise time mature at age IV (Mraz 1968). 
of annulus formation has not been established, but it In Wisconsin, the life span of walleyes appears to 
probably occurs in May or early June. be about 7 years; few fish reach 10-12 years of age. 

In Lake Winnebago, few walleyes live beyond 6 An 18-year-old walleye, 838 mm long and weighing 
years (Priegel 1968c). Females reach a larger maxi- 4.65 kg (33 in, 10.25 Ib), was caught in the Wisconsin 
mum size than males, and on the average are longer River near Rhinelander in 1934 (Juday and Schloe- 
and heavier than males in a given year class, espe- mer 1938). According to Louis Dornfeld (H. Neu- 
cially after the first 2 years of life. Weights for the Pike enschwander, pers. comm.) a 9.3-kg (20.5-Ib) wall- 
and Round lakes walleyes cited in the table below are eye was speared in April 1896 below the Hustisford 
as follows: age I—22 g; II—73 g; III—161 g; IV—268 Dam (Dodge County). An 8.17-kg (18-lb) fish was 
g; V—347 g; VI—431 g; VII—530 g; VIII—637 g; IX— caught from High Lake (Vilas County) in September 

757 g; and X—836 g. Walleyes in the Mississippi River 1933 (Wis. Dep. Nat. Resour. 1977). A 1.04-m, 11.34- 
(Pool 7) weighed: I—86 g; II—241 g; III—431 g; IV— kg (41-in, 25-Ib) walleye was taken from Old Hickory 

844 g; V—1,158 g; VI—1,249 g; VII—1,512 g; VIII— Lake, Tennessee, in 1960 (World Almanac 1976). 
2,651 g; IX—2,701 g; X—2,978 g; XI—3,809 g; and Young walleyes (10-50 mm TL) in Lake Winne- 

XII—3,178 g. bago fed first on Diaptomus, Leptodora, and chiron- 

The length-weight relation of the Lake Winnebago omid larvae, but the fry of white suckers, quillbacks, 
walleyes cited in table is expressed by the regression troutperch, and yellow perch were eaten to a limited 
Log WT (lb) = —5.3596 + 3.2162 Log TL (in). Priegel extent (Priegel 1969b). In the diet of walleyes up to 
has suggested that a lack of forage fishes, competi- 100 mm long, planktonic crustaceans and chiron- 
tion from other fish species (burbot, sauger, and yel- omid larvae were still important, but in one collec- 
low perch), and the long spawning migration (which tion fish remains occurred in 82.6% of the walleye 
must result in great energy loss) may be factors in the stomachs; young freshwater drums were found in 
slow growth of Lake Winnebago walleyes. 42.9% of the stomachs. Even when substantial pop- 
Among Lake Winnebago walleyes, males mature ulations of young-of-year freshwater drums (8-18 cm 

at ages II-V, and females mature at ages V—VII (Prie- TL) were available, only walleyes more than 38 cm 
gel 1969a). Mississippi River males mature at an long utilized them. The drum’s rapid growth in length 
average age of 4.6 years, and females mature at 7.8 and body depth soon makes it unavailable to fish less 
years (Gebken and Wright 1972b). In Pike Lake than 28 cm long (Priegel 1963b). 
(Washington County), a high percentage of the males In Vilas County lakes, Couey (1935) found that 

Age and Growth (TL in mm) of the Walleye in Wisconsin 

Location 1 2 3 4 5 6 7 8 9 10 11 12 Source 

Northwestern Wis. drainage lakes 145 241 312 371 421 472 Snow (1969) 

Trout L. (Vilas Co.) 135221 « «348 «421 483-526 551566. 587892 Schloemer and 
Lorch (1942) 

Pike L—-Round L. (Price Co.) 140 208 267 «4307 «333 «358 «381 399 429434 Bever and Lealos 
(1974) 

Mississippi R., Pool 7° 196 290 356 427 472 480 526 605 607 630 663 673 — Gebken and Wright 
(1972b) 

Mississippi R., Pool 11 175 307 «414 «493° «541-584. 610.s«627,-«s«wG4B_s«iG SCG Vasey (1967) 
Red R. (Dunn Co.) 162-264 ««328« 373,419 452474490 514.537 562_—«G18_~——Collvin (1975) 
Big Eau Pleine Res. 

(Marathon Co.) 180 299 393 458 498 Joy (1975) 
South Green Bay 
Males 226 «333: «399470 493 Niemuth et al. 
Females 216 «335° «421 «500 «559617691711 (1959a) 

L. Winnebago (Winnebago Co.) 

Males 142 259-323-361 384. 396411427 Priegel (1969a) 
Females 152 257. 3340-396 439) 472, 495 — 8521 

L. Puckaway (Winnebago Co.) 

Males 190 323 394 432 460 480 498 516 541 Priegel (1966b) 
Females 198 345 439 498 536 569 599 627 648 

Pike L. (Washington Co.) 
Males 173-287 «368.401 «432457 Mraz (1968) 
Females 178 292-376 «= 439'-« «480 533.574 «630653701 
*Empirical lengths, not calculated to annulus.
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fish, consisting of darters, minnows, and _ perch, The fish looked normal in death except for small gas 
amounted to 85% of the walleye’s diet. The balance bubbles under the skin, in the fin rays, and in the 
consisted of Diptera larvae, Ephemerida, entomos- gills, where most filaments contained gas emboli 
tracans, caddisfly larvae, dragonfly nymphs, cray- large enough to block the capillaries and to obstruct 
fish, and plant material (less than 1%). In one lake, blood flow. It was theorized that oxygen was the gas 
insects were an important item of food, even in the causing the problem, and that death had resulted 
largest walleyes caught. In the Eau Pleine Reservoir from respiratory failure. 
(Marathon County), fish ranked first in importance In one study, DDT and its analogs in walleye egg 
as food for walleyes of all sizes (Joy 1975). The stom- samples ranged from 0.067 to 9.380 ppm. No rela- 
ach contents of walleyes less than 200 mm long con- tionship between the DDT content and the survival 
sisted of fish (90.8% volume), insects (3.1%), and of walleye eggs and fry was established, however 
zooplankton (6.1%); walleyes more than 200 mm (Kleinert and Degurse 1968). 
long had consumed fish (93.2% volume), insects Schooling is common among walleyes, especially 
(1.3%), crayfish (5.3%), and zooplankton (0.2%). The while they feed and during spawning periods. Wall- 
major prey species were bullheads and perch, but eyes seem to travel in loose aggregations in open 
johnny darters, fathead minnows, carp, and black water. They never become abundant in weedy wa- 
crappies were also identified. No cannibalism was ters. 

noted in this study. In Lake Bemiji, Minnesota, walleyes traveled con- 

In summary, food habit studies have shown that siderable distances, particularly during the spring 
walleyes consume almost all species of fish, as well and fall. Distances ranged from 0.8 km to 17.3 km 
as many of the larger invertebrates (Niemuth et al. (Holt et al. 1977). The mean daily distance moved 
1959a). It is obvious that walleyes eat those food was least during the summer season. The presence 
items which are most available. They are vigorous of overcast skies and precipitation appeared to be 
swimmers, capable of overtaking largemouth bass. more important than changes in water temperature 

Walleye weight gain is greatest at the 20°C (68°F) or dissolved oxygen concentrations in initiating long 
temperature level, and the rate of food conversion is distance movements. Tagged walleyes were most ac- 
lower at variable temperatures than it is at constant tive from late afternoon to early morning. 
temperatures. Maintenance requirements increase Tagging studies of walleyes in the Mississippi River 
rapidly in the 12-20°C (54-68°F) interval (Kelso below Lock and Dam 6, in the spring of 1959, dem- 
1972). In Trout Lake (Vilas County), walleyes pre- onstrated that movement out of the home pool is in- 
ferred water temperatures of 20.6°C (69°F) during the significant, but that locks and dams do not prohibit 

summer (Hile and Juday 1941). They are most active movement between pools (Hubley 1963b). Walleyes 
at temperatures of 12.8-23.3°C (55-74°F). were recovered up to 63 km (39 mi) from the point of 

Characteristically, walleyes retire to the deeper, tagging. 
darker waters during the daytime. In the evening, An early study of walleyes tagged in the vicinity 
they migrate to the bars and shoals to feed among of the confluence of the Wolf and Waupaca rivers 
the rocks or on the edge of weed beds. When waters (Waupaca County) indicated that within 10 days a 
are turbid or the weather is cloudy, they may be ac- number of fish moved 81-97 river kilometers (50-60 
tive during the daytime. In midsummer (July and mi) to the mouth of the Fox River and into Lake Win- 
early August) walleyes remain in deep water, where nebago (Herman 1947). Priegel (1968b) determined 
they continue to feed. They are active and feed that the average distance walleyes traveled from Lake 
throughout the winter, particularly when the ice first Poygan was 47 km (29 mi); from Lake Winneconne 
forms and again prior to the spring break-up (Nie- 45 km (28 mi); from Fox River marshes 36 km (22 mi); 
muth et al. 1959a). and from Wolf River marshes 53 km (33 mi). The 

Walleyes often become the victims of winterkill in maximum distance traveled was 157 km (97 mi), from 

shallow lakes with low oxygen concentrations (Nie- Oshkosh on Lake Winnebago to Leeman (Outagamie 
muth et al. 1959a). In Fox River marshes, embryo de- County) on the Wolf River. During the course of the 
velopment was inhibited by low dissolved oxygen study, nine fish originally tagged in Lake Winnebago 
concentrations (Priegel 1970b). On the other hand, were recaptured in Lake Puckaway, a distance of 110 
the walleye was one of several species of fish that river kilometers (68 mi) from Lake Winnebago. These 
suffered sudden mortality when the water of the Ya- fish had to pass over four low-head dams in the Fox 
hara River below Lake Waubesa (Dane County) be- River at Eureka, Berlin, White River, and Princeton. 
came supersaturated with oxygen (Woodbury 1941). In many waters walleyes are associates of yellow
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perch, and the predator-prey relationships of the two other sport fish. A recent tagging program showed 
species are close. In Lake Pepin (Pool 4) of the Mis- that the harvest of walleyes in Lake Winnebago was 
sissippi River, experimental gill nets caught saugers, consistently highest during the spawning migra- 
which made up 19.2% of the catch; walleyes, which tion (Priegel 1968c). Walleyes, however, are taken 
made up 2.7% (Upper Miss. R. Conserv. Com. 1967). throughout the year from various sites; they are 
Other species taken, in order of abundance, were: taken from reefs and rocky shores during the late 
channel catfish 22.0%, yellow perch 10.3%, gizzard spring, trolled from deep water over mud bottoms 
shad 8.2%, mooneyes 4.8%, and white bass 4.2%. In during the summer, caught along reefs and shore- 
Pool 7, 68 walleyes were taken with 23 saugers, 20 lines in the fall, and are taken in the tip-up or jigging 
common carp, 20 spotted suckers, 11 freshwater fishery in winter. 
drum, 10 white crappies, 8 black crappies, 8 golden In Escanaba Lake (Vilas County), which had an ex- 
redhorse, 6 bluegills, 6 mooneyes, 4 quillbacks, 3 perimental year-round open season and no size limit 
shorthead redhorse, 3 longnose gars, 2 largemouth on all species (except northern pike) from 1946 to 
bass, 1 white bass, 1 channel catfish, 1 black bull- 1969, walleyes ranked first in the catch in weight, 
head, 1 gizzard shad, and 1 shortnose gar (Gebken with 23,253 kg (51,263 lb) harvested, and third in 
and Wright 1972b). number of fish taken (following the yellow perch and 

pumpkinseed), with 63,029 caught. In Pike Lake 

(Washington County) the walleyes were harvested at 
IMPORTANCE AND MANAGEMENT the annual angler catch rate of 19-24%, while annual 
The walleye is fair game for all fish-eating species. In natural mortality did not exceed 5-10% (Mraz 1968). 
Lake Poygan, a northern pike, 889 mm long and On the Mississippi River, the walleye ranked sixth 
weighing 5.22 kg (35 in, 11.5 Ib), had swallowed a in the sport catch in 1957, and ninth in 1962-1963 
381-mm (15-in) walleye (Herman 1947). Young wall- (Nord 1967). The estimated sport fishery catch of 
eyes are often found in the stomachs of adult wall- walleyes in Pools 4, 5, 7, and 11 in 1967-1968 was 

eyes. Walleyes are subject to the usual fish-eating 74,179 fish weighing 58,242 kg (128,399 lb) (Wright 

bird and mammal predators, but, because of their 1970). 

generally nocturnal habits, their preference for open In Wisconsin a number of rivers and inland lakes 
water and deepwater areas, and their relatively large (including Lake Winnebago) have a continuous open 
size as adults, this kind of predation is small. Inci- season on walleyes; others have a closed period from 
dents of adult walleyes being taken by eagles and 1 March to early May. The 1980 Wisconsin fishing 
herons have been observed in Wisconsin (Niemuth regulations generally allow a daily combined total of 
et al. 1959a). five walleyes and saugers; for most waters there is 

Fishing surveys point out that the walleye is the no minimum size limit (Wis. Dep. Nat. Resour. 1979). 
most popular large sport fish in Wisconsin. In 1967, Before fishing, the angler should consult current 
Wisconsin anglers alone took an estimated 4.5 mil- fishing regulations. 
lion walleyes. In 1973, there were 1.2 million licensed The flesh of the walleye is an epicurean delight—it 
anglers in Wisconsin, of whom one-half million pur- is firm, white, fairly dry, and virtually free of bones. 
sued the sport of walleye fishing; they caught 5 mil- To many fish connoiseurs it is top table fare, deli- 
lion walleyes (Kempinger 1975). The walleye run on cately flavored and without a strong fishy taste. Since 
the Wolf River ranks with the top outdoor events of the flesh is not fatty and contains little oil, freezing 
the year. and long storage are possible. Analysis indicates that 

Walleyes are lured with a wide variety of live or the walleye is 79.7% water, 18.6% protein, 0.5% fat, 

artificial baits. They are taken with night crawlers, and 1.4% ash (Niemuth et al. 1959a). 
worms, minnows, frogs, and crayfish, and, on the By law the commercial fishery for walleyes is re- 
Mississippi River, with the tadpole madtom. They re- stricted to the waters of Green Bay. Its status as a 
spond to artificial spoons, plugs, spinners, streamer commercial fish in Lake Michigan has been summa- 
flies, poppers, and heavily weighted jigs. Twilight rized by Wells and McLain (1973). From 1899 to 1946, 
fishing is preferred, although walleyes will bite on yearly production of walleyes averaged 58 thousand 
cloudy days. They are one of the few sport fishes that (14-157 thousand) kg. A pronounced production in- 
will take minnows or jigging baits through the ice. crease to 600 thousand kg in 1950 was followed by a 

The walleye is an abundant sport fish in Lake Win- decrease to 137 thousand kg in 1952, and another 
nebago and connecting waters, and it attracts more peak of 443 thousand kg in 1955. After 1955, produc- 
fishermen to the Lake Winnebago area than any tion declined steadily to only 5,400 kg in 1970. The
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Lake Michigan walleye fishery is centered in Green there was a simultaneous rise in the number of wall- 
Bay, which produced an average of 97% of the total eyes and bass, followed by an increase in the abun- 
annual catch from 1947 to 1970. In 1974 the Green dance of walleyes and a decrease in the number of 
Bay production totaled 2,630 kg, and was valued at bass (F. H. Johnson and Hale 1977). Interspecific 
$3,921 (Wis. Dep. Nat. Resour. 1976c). To bolster this competition for spawning sites, for shoal habitat, or 
fishery, walleyes have been stocked from state hatch- for food did not appear to be factors in the fluctua- 
eries. In 1976, 5 million fry and 150,425 fingerlings tions in abundance. Predation of young walleyes by 
were planted in Green Bay (Wis. Dep. Nat. Resour. bass may have been a factor in failure of walleye year 
1976a). classes. 

As a commercial fish, the walleye has declined so There is little evidence that there is significant pre- 
greatly since 1956 that it is not now common in any dation on walleye eggs by other fish species, al- 
part of Lake Michigan. Wells and McLain (1973:41-42) though it has often been suspect. Priegel (1970b) 

observed: noted the presence of yellow perch, northern pike, 

. . . Reasons for the early decline in walleye abundance in suckers, and carp. on the walleye Spawrung grounds 

southern Green Bay are not clear. The severe decrease of of the Wolf River marshes and in Lake Winnebago, 
walleyes which occurred there . . . before 1882 . . . prob- but he had no evidence of predation on walleye eggs. 
ably was the combined result of heavy fishing and deterio- There was sufficient evidence, however, to show that 
rating environment; the generally low abundance since the presence of spawning carp is detrimental to wall- 
1930 might logically be blamed on the unsuitable habitat in eye eggs, since the carp roil up the bottom, dislodge 
that heavily polluted area. . . . the walleye eggs, and allow them to settle on the silt 

Sea lamprey predation offers a possible explanation for bottom where they quickly die from lack of oxygen. 
the present poor state of the walleye stocks in Lake Michi- The walleye is the most extensively propagated 
gan, but the relation is certainly not as conspicuous as in fish in Wisconsin. In 1976 the Wisconsin Department 

some cases of destruction of fish stocks by sea lampreys. . . . of Natural Resources (1976a) distributed 59,515,000 
Alewives might have had an influence on walleye repro- : , ay a 

duction, but the relation is not obvious. If the walleye’s de- walleye fry and 3,261,329 fingerlings. The artificial 

cline has been a result of a long succession of year class rearing of this species has been described by Nie- 
failures, the earliest failures would have to have occurred muth et al. (1959a:5): 
before 1955, on the basis of production records. Interfer- Wh ken for hatch hi f 

ence by the alewife at that early date is extremely unlikely. leneges are taker OF atchery, Purposes; the EBEe O 
It is not too far-fetched to suppose, however, that the ear- a female are first extruded in a pan containing a little water 

liest year class failures were due to natural causes (e.g., by gentle pressure on the abdomen of a ripe female. Milt is 

weather conditions) and that by the late 1950’s alewives then: added by forcing 2 male in the: same!way: Eggs and 
were abundant enough to prevent any further possibility milf are gently stirred by tilting the pan.to accomplish fer: 
of a good hatch. tilization. The fertilized eggs are then placed ina pail con- 

taining water and clay in suspension. Clay particles adhere 

Walleyes are important components in the preda- to the eggs which are adhesive for the first hour. After 
tor-prey balances in lakes which have extensive open hardening for an hour or so, the eggs can be transported 

water and are essentially weed free. One successful and placed in battery jars where they will remain separated 
plant of walleye fingerlings, beneficial to both wall- and roll freely. The hatch of artificially fertilized eggs is 

eyes and perch, was made in a lake in which perch high, sunning 75 pet cenit or'more, Seca pe 
was the dominant panfish (Threinen 1960), but poor The walleye BY Bre reared: to larger sizesiin fertilized’ 

‘i natural rearing ponds. Mean production of 48 pounds of 
control over bluegills occurred mn lakes where the fingerlings per acre has been achieved in Minnesota. Max- 
bluegill was the dominant species. Walleyes are a imum production was 234 pounds per acre. 
natural enemy of both largemouth and smallmouth 
bass, and, in lakes where walleyes are dominant, Fingerlings range from slightly over 25 mm to about 
small bass eventually disappear from the popula- 127 mm long, with a few somewhat larger. The most 
tions and they become walleye lakes. This has been consistently successful walleye stockings are in new 
demonstrated in a number of lakes in Wisconsin that impoundments or rehabilitated lakes. Fry are usually 
were originally bass lakes and were planted with used for this purpose. Wisconsin has a 9.3-ha (23-acre) 
walleyes (Doyle 1937, Niemuth et al. 1959a). In Min- drainable pond which has been used for walleye fin- 
nesota, however, when smallmouth bass were intro- gerling production for many years (Klingbiel 1969). 

duced into four rocky, infertile lakes with established Excluding 1 year in which production was very low, 
walleye populations, the walleyes declined in three the harvest has averaged 130 kg/ha (116 Ib/acre), and 

lakes as the bass increased, and in the fourth lake 83% survival has been obtained.
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Stocking rates for walleyes vary according to a slid- perch populations. In more productive waters where 
ing scale for lakes of different sizes. The larger the species composition is more diversified, the produc- 
lake, the smaller the per hectare stocking rate. A tivity released by removing white suckers might be 
40.5-ha lake receives 50 fingerlings per hectare, assimilated by other species that feed on the same 
whereas a 405-ha lake receives 19.5 per hectare. De- foods, with no measurable response by the percid 
viations are made, however, whenever conditions populations. 
warrant. Sufficient evidence has been presented above to in- 

In Wisconsin, walleye populations in many waters dicate that successful walleye populations depend on 
are quite stable, producing good natural year classes spring flooding. Flooded marshes produce prime 
annually or every 2 or 3 years (Klingbiel 1969). Other spawning sites. In 1964, when the marshes were dry 
waters, however, have tremendous population fluc- along the Wolf River, walleyes were observed spawn- 
tuations. The causes of such fluctuations are not al- ing on sand bars in the main river channel, as well as 
ways known, but at times they are quite evident. along the river's banks where grassy vegetation oc- 
High onshore winds, fluctuating water levels, and curred, and in the deeper bayous. Although Priegel 
high predator populations are sometimes limiting (1970b) followed egg development in numerous 
factors. areas, no indication of a hatch was found. Though 

The construction of artificial spawning beds holds flooding may present problems to man in his many 
promise for improved walleye reproduction. Al- endeavors, it is beneficial to the walleye and to other 
though artificial reefs were not successful in estab- fish species. 
lishing walleye year classes in Jennie Webber Lake After a thorough study of the walleye spawning 
(Oneida County), two of the three reefs were used marshes along the Wolf and Fox rivers, Priegel 
for walleye spawning, and advanced egg develop- (1970b) concluded that state ownership of existing 
ment took place (McKnight 1975). Unexpected repro- spawning marshes was of primary importance for 
duction occurred when walleyes began to spawn on the maintenance of high quality spawning sites. All 
the rock riprapped bank and willow root entangle- walleye spawning marshes along the Wolf and Fox 
ments just below a highway fronting on Lake Min- rivers have been mapped and approved for acquisi- 
ocqua, Oneida County (Niemuth et al. 1959a). Among tion by the state. Priegel recommended the following 
the few known walleye spawning sites in the Missis- management practices for state-owned marshes: the 
sippi River are the riprapped wing dams below the prevention of level ditching or diking which would 
locks (Gebken and Wright 1972b). block the flow of water across the marshes; the use of 

Bever and Lealos (1974) have suggested that an in- controlled burning and brush cutting to curtail plant 
verse relationship exists between walleye numbers succession on marshes where desirable grasses and 
and the abundance of panfish and related forage spe- sedges were being replaced by undesirable woody 
cies. A decline in panfish numbers and an increase in vegetation; and the deepening of channels and re- 
walleye numbers has been observed in the Pike Lake moval of roads to improve current flow over the 
Chain (Price County); however, this has not resulted marshes. 
in an associated increase in walleye biomass. They According to Klingbiel (1969), the regulation of im- 
suggest increasing the forage base through intensive poundment water levels to favor walleyes is becom- 
stocking of desirable food species (e.g., yellow perch). ing easier because of legislation and public opinion. 

F. H. Johnson (1977) determined that the removal The protection of natural spawning areas by land 
of white suckers from lakes with a limited number of control and legislation is increasing. 
fish species appears to benefit walleye and yellow
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Sauger glowing in dark. Membranes on the spiny dorsal fin 

with definite horizontal rows of spots, and last few 
membranes not solid black; second dorsal and caudal 

Stizostedion canadense (Smith). Stizostedion—pungent fins with dark spots in regular rows; ventral lobe of 
throat, according to Rafinesque; canadense—of caudal fin sometimes white edged. Pectoral fins 

Canada, the type locality. lightly speckled, and with a strong, black blotch at 
Other common names: eastern sauger, sand pike, base; pelvic and anal fins clear to lightly speckled. 

river pike, spotfin pike, ground pike, sand pike- Breeding male without nuptial tubercles. 

perch, sand pickerel, blue pike, blue pikeperch, Hybrids: Sauger x walleye (Stroud 1948). 
blue pickerel, gray pikeperch, gray pickerel, 
dory, walleye, pickering, jackfish, jack salmon. DISTRIBUTION, STATUS, AND HABITAT 

In Wisconsin, the sauger occurs in both the Lake 
Michigan and Mississippi River drainage basins, but 
not in Wisconsin waters of the Lake Superior drain- 

- 3 age. 
oii : ie In the Lake Michigan drainage, the sauger is abun- NS il catcleanas = dant in Lake Winnebago, and is occasionally taken in 
oe . — Lakes Poygan, Winneconne, and Butte des Morts 

jw Da (Priegel 1969c). In the Upper Fox River, it has been 
taken as far upstream as the Eureka Dam. It occurs in 
Little Lake Butte des Morts, in the lower Fox River, 

Subadult 187 mm, Mississippi R., Dresbach Dam (La Crosse and in Green Bay. 

Co.), 13 June 1974 In the Mississippi River drainage, the sauger is 
common in the Mississippi River, and, according to 

DESCRIPTION Priegel, occurs in the following tributaries: the St. 

Body elongate, almost cylindrical but slightly com- Croix River upstream to the dam at St. Croix Falls; 
pressed laterally. Length 305-330 mm (12-13 in). TL the Kinnickinnic River from the River Falls Dam 
= 1.20 SL. Depth into SL 5.0-5.9. Head length into downstream to the St. Croix; the Chippewa River up- 
SL 3.1-3.4. Preopercle serrated on posterior edge. stream to the dam at Eau Claire; the Eau Claire River 
Gill membranes extended forward, narrowly or not to the dam at Lake Altoona; the Eau Galle River to 

joined to one another, narrowly joined to isthmus. the Eau Galle Dam; the Red Cedar River to the dam 
Premaxillaries protractile, upper lip groove continu- at Menomonie; the Black River upstream to the Jack- 
ous over snout. Mouth large, almost horizontal, up- son County line; the La Crosse River to the dam at 

per jaw reaching to back of eye, jaws equal ante- Lake Neshonoc; and the lower reaches of the Bad 
riorly; strong, caninelike teeth on premaxillaries, Axe River. It is also found in the Wisconsin River up- 
lower jaw, and palatines; pharyngeal arches with stream to lower Adams County, and in the lower 
short, recurved teeth. Gill rakers on lower limb of reaches of two Wisconsin River tributaries, Otter 

first arch about 8. Branchiostegal rays usually 7. Dor- Creek and the Kickapoo River. It is more common 
sal fins 2: first or spiny dorsal fin with 12 (10-13) below the Prairie du Sac Dam than the walleye. Two 
spines; second dorsal fin with 1-2 spines, 18 (17-19) saugers were reported from Jordan Lake (Adams 

rays. Anal fin with 2 spines and 11-13 rays; pelvic County) in 1958. 
fins thoracic, space between pelvic fins greater than Cahn (1927) reported the sauger from Lac La Belle 
base of one pelvic fin. Scales ctenoid; cheeks well and Forest Lake (Waukesha County); he suggested 
scaled; opercles, breast, and belly scaled. Lateral line that it had been widely introduced in Waukesha 
complete, scales 79-87. Pyloric caeca usually 4-6, County; however, no recent records are known, and 
each usually shorter than stomach. Vertebrae 44-45 it is doubtful that this species still exists there. 
(Bailey and Gosline 1955). Greene (1935) doubted that the sauger was native 

Dorsal region of head and back brown to gray; to the Lake Michigan drainage of Wisconsin. 
sides paler, ventral region of head and belly white. Greene had only a single report from Lake Winne- 
Sides and back variously speckled with dusky spots; bago, and failed to take any specimens himself while 
4 dark saddles across back, some of which expand sampling from 1925 through 1928. He suggested that 
horizontally on sides. Eyes silvery in life; a well-de- the sauger may have entered the Lake Michigan 
veloped reflecting layer (tapetum lucidum) causes drainage by way of the Fox connectives—outlets of
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glacial Lake Oshkosh near the Portage Canal and mouth of the Chippewa River in Lake Pepin and in 

Lake Winnebago. Priegel (1969c) learned from dis- other locations. 

cussions with reliable, long-term residents, who 

knew the difference between the sauger and the wall- BIOLOGY 

eye, that the Lake Winnebago sauger had “provided The life history of the sauger in Lake Winnebago has 

a fabulous fishery during the winter since the early been thoroughly documented by Priegel (1969c). Un- 

1920's.” less otherwise indicated, the following account is 

In Wisconsin, the sauger appears to have extended from that source. 

its range since the 1920s. It is found in increasing Saugers are known to spawn in both streams and 

abundance in both the Mississippi River and Lake lakes, but the choice of a stream or a lake apparently 

Michigan drainages. ' depends on local conditions in the waters con- 

The sauger prefers large, turbid rivers and lakes. It cerned. Spawning generally occurs over hard bot- 

occurs in large, deep waters of low gradients, except toms in the reservoirs of streams, in the tailwaters of 

during spawning, when it may occur in the tailwa- dams, and in the running water at the heads of ma- 

ters of dams over rubble substrates. In the Missis- jor tributaries to reservoirs on large rivers. In Lake 

sippi River saugers prefer running water, except in Erie, the sauger spawns on shallow bars of gravel or 

areas such as Lake Pepin; they are generally found in sand, and often runs up nearby rivers to spawn (Fish 

the main channel, in the side channels, and in the 1932); with the beginning of warm weather it is re- 

tailwaters below the dams. It has been observed that ported to work its way downstream again and to 

young saugers sometimes frequent the shallow mud move into deep lake water. 

flats; they have been collected in such areas near the The principal spawning sites of saugers in Lake
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Winnebago extend almost without interruption for a 
distance of approximately 13 km (8 mi) along the . 
north shore of the lake. Some spawning has been eee — 
noted on the Calumetville reef along the east shore, YU VV 
and on the Long Point Island reef along the west A \ 2 Cf — : \ ] 7 = 
shore. There is no indication of spawning migrations He 
into either the Wolf or the Fox rivers. ES 

Spawning occurs from late April through early hy . _ ss 
May when water temperatures are between 6.1 and ¥ ) \ ( 
11.7°C (43 and 53°F); peak activity occurs in May. The a ° y C 
male saugers arrive on the spawning grounds before ‘\ 9 Hy \ J 
the females. No nest is built. Spawning occurs at \ CC 1 \ Y 
night, and females leave the grounds soon after 7 : 
spawning (Scott and Crossman 1973). The eggs are : : 
shed in Lake Winnebago along the entire northern sauger walleye 

shore, in water depths up to 1.2 m on sand, rocks, Identification of young saugers and walleyes by the “color spot” 
and gravel, with a greater number on gravel. Spawn- technique (Priegel 1969c:36) 

ing is essentially completed in less than 2 weeks. 
In Pool 7 on the Mississippi River, spawning oc- M. Fish (1932) illustrated and described the 9-, 

curred 14 April 1969 (Upper Miss. R. Conserv. Com. 13-, 14.6-, and 27-mm stages. W. R. Nelson (1968) il- 
1970, Gebken and Wright 1972b). The water temper- lustrated the 5.5-, 8.5-, 10.3-, 14.5-, and 17.5-mm 

ature was 8.3°C (47°F), and the river was 0.8 m above stages, and described how very young saugers may 
flood stage. The saugers, 50% of which were ripe, be distinguished from young walleyes by the sau- 
were found in 0.3-1.4 m of water over rock riprap. ger’s smaller size, fewer areas of pigmentation, and 
Very little is known about the spawning habits and more oval yolk-sac shape. 
the specific spawning sites of saugers and walleyes In Lake Winnebago, the first young saugers were 
in the western Wisconsin boundary waters. It is sus- taken on 3 June; they averaged 17 (12-20) mm TL. 
pected that flooding is responsible for strong year Usually the first fry are captured after 20 June, and 
classes, since suitable spawning areas become in- exceed 20 mm in length. By trawling in deeper, open- 
creasingly available as flood waters rise over the rock- water areas of the lake, Priegel readily took saugers 
riprapped dikes adjoining dams. in the 12-50-mm size class. Young-of-year averaged 

The average number of eggs produced by saugers 50 mm in mid-July, 75 mm in mid-August, 118 mm 
257-371 mm TL, from Lake Winnebago, was 15,871. in mid-October, and up to 154 mm at the end of Oc- 

There was a range of 4,208 eggs for a 269-mm fish to tober. 
43,396 eggs for a 368-mm fish. In South Dakota, the The calculated lengths at the annuli of saugers from 
estimated number of eggs ranged from 19,130 to Wisconsin and elsewhere are given on the next page. 
209,920; the average number of eggs per kilogram of The age of saugers is determined by scale analysis. 
body weight was 65,250 (W. R. Nelson 1969). The precise time of the annulus formation of Lake 

According to Priegel, the fertilized sauger eggs are Winnebago saugers has not been established, but 
not strongly adhesive; they are not found clinging to Priegel stated that it probably occurs in mid-May. No 
rocks or to any other substrates after water harden- fish obtained during April had formed a new annu- 
ing. In Lewis and Clark Lake, South Dakota, the in- lus. The calculated weights for Lake Winnebago sau- 
cubation period for sauger eggs was approximately gers were: age I—9 g male (14 g female); II—91 g (104 
21 days at an average water temperature of 8.3°C g); II—195 g (204 g); IV—259 g (268 g); V—313 g (327 
(47°F) (W. R. Nelson 1968). The eggs of Wisconsin g); VI—372 g (390 g); VII—422 g (431 g); and VIII— 
saugers averaged 1.3 (1.0-1.5) mm diam. In a fish 468 g (468 g). A 5-year-old female was 460 mm (18.1 
hatchery they hatched into larvae 4.7-5.1 mm TL. in) TL and weighed 953 g (2.1 Ib) ; the heaviest male 

Priegel was able to separate very young saugers was 7 years old, 419 mm (16.5 in) long, and weighed 
from walleyes by the absence of pigmentation on the 652 g (1 Ib 7 oz). 
dorsal surface of the sauger’s midbrain area, which is Of 1,742 saugers sampled from Lake Winnebago, 
visible through the top of the head. In walleye larvae 54.9% were females; the sex ratio of males to females 
this area is heavily pigmented, and appears dark to was 1:1.2. Few saugers live beyond 5 years in Lake 

black. Winnebago; only 10.8% of the males sampled were
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Age and Growth (TL in mm) of the Sauger in Wisconsin and South Dakota 

Location 1 2 3 4 5 6 7 8 Source 

Mississippi R., L. Pepin, Pool 4 267 338 381 434 472 483 Upper Mississippi River Con- 

servation Committee (1967) 
Mississippi R., Pools 4-6 137 234 297 335 335 391 Kittel (1955) 
Mississippi R., Pool 5A 124 229 302 345 Christenson and Smith (1965) 
Mississippi R., Pool 7° 155 244 315 381 472 483 544 Gebken and Wright (1972b) 
Mississippi R., Pools 7-10 249 300 351 391 411 427 478 Jergens and Childers (1959) 
Mississippi R., Pool 11 145 269 356 414 450 480 513 Vasey (1967) 
L. Winnebago (Winnebago Co.) 
Males 124 241 302 333 361 388 401 a Priegel (1969c) 
Females 135 241 297 325 358 394 417 434 

Lewis and Clark L., S. Dak.® 

Males 186 315 376 421 469 W.R. Nelson (1969) 
Females 193 327 an 472 512 560 596 626 
2Empirical lengths, not calculated to annulus. 

Corrected, using an intercept of 29 mm. 

over 5 years of age, compared to only 7% of the fe- by adult saugers on all sampling dates from 1965 to 
males. 1968, occurring in 63.4-100% of the stomachs and ac- 

Male saugers attain maturity at age II, while fe- counting for 90.4-100% of the total food volume 
males attain maturity at age IV. The respective (Priegel 1969c). Trout-perch were the most frequently 
lengths at which more than 50% of the male and fe- utilized forage fish; others eaten were young wall- 
male saugers from Lake Winnebago attained matu- eyes, saugers, burbots, black crappies, yellow perch, 
rity were 249 and 284 mm. On the Mississippi River, and white bass. When emerald shiners and trout- 
female saugers mature as early as age III (Gebken perch were present in abundance, the trout-perch 
and Wright 1972b). were preferred by the saugers (Priegel 1962c). Sau- 

A 2.31-kg (5-Ib 1.5-0z) sauger was caught from the gers less than 279 mm long ate the most inverte- 
Mississippi River (Buffalo County) on 26 May 1976 brates, including chironomid larvae and leeches; 
(Wis. Dep. Nat. Resour. 1977). Nord (1967) reported saugers more than 279 mm long also ate midge lar- 
that an individual weighing more than 2.72 kg (6 Ib) vae, leeches, and young-of-year freshwater drums. 
was taken by angling in 1964 below Lock and Dam 4 Priegel noted that walleyes showed a greater prefer- 
on the Mississippi River. A 711-mm, 3.97-kg (28-in, ence for emerald shiners, while saugers preferred 
8-Ib 12-0z) sauger was taken from Lake Sakakawea, trout-perch, thereby reducing competition between 
North Dakota, on 6 October 1971 (World Almanac these closely related species. 
1976). Scott and Crossman (1973) noted that the northern 

In Lake Winnebago, saugers in the 12-50-mm size distribution of the sauger is apparently related to the 

class fed heavily on Daphnia sp., and to a lesser extent 15.6°C (60°F) July isotherm. In the Wabash River, In- 

on Cyclops and chironomid larvae and pupae. The fry diana, saugers avoided the three heated zones and 
of trout-perch, white bass, and freshwater drum consistently selected the coolest zones available; 
were found in 46.9% of sauger stomachs examined in Gammon (1973) suggested a preferred water temper- 
1966, and 64.7% of the stomachs examined in 1967. ature of about 25.5°C (78°F). The preferred temper- 
Saugers in the 51-75-mm class consumed young atures of saugers in the Norris Reservoir, Tennessee, 
freshwater drum, trout-perch and white bass, but were 18.6-19.2°C (65.5-66.6°F) (Ferguson 1958). The 
when these were not available in sufficient quantities maximum temperature at which saugers were cap- 
they turned to Cyclops, Daphnia, chironomid larvae tured in the White River and Ipalco Discharge Canal, 
and pupae. Among saugers in the 76-150-mm class, Indiana, was 33.6°C (92.5°F) (Proffitt and Benda 

chironomid larvae were the most important food 1971). 
item; in 1965, however, they positively sought and In the sauger the tapetum lucidum (reflecting layer 
selected Leptodora, the least abundant (but large and behind the retina) is more uniformly developed within 
attractive) zooplankton in Lake Winnebago. Fish re- the eye, than it is in the walleye, in which it is well 
mains, primarily trout-perch, were found in about developed only in the ventral region (Collette et al. 
half the stomachs. 1977). Apparently this sensitivity gives the sauger an 

In seven of eight samples during 1965, yearling advantage over the walleye in turbid water. In a bay 
saugers from Lake Winnebago fed primarily on fish. of Lake Nipigon, Ontario, walleye dominance 
Fish were also the most important items consumed changed to sauger dominance a few years after tur-
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bid water had been diverted into the bay (Scott and number of mollusk species, including Amblema pli- 
Crossman 1973). Turbidity may prevent excessive egg cata, Megalonaias gigantea, Quadrula metanevra, Pletho- 
adhesion and thereby reduce suffocation, it may pro- basus cyphyus, Actinonaias carinata, Lampsilis orbiculata, 
tect the young from predators, and it may facilitate Lampsilis ovata, Lampsilis radiata luteola, Ligumia recta, 
the feeding of the young by concentrating plankton Ellipsaria lineolata, Truncilla donaciformis, and Truncilla 
near the surface. Saugers are more adapted to dark- truncata (Hart and Fuller 1974). 
ness and feed in deeper water than walleyes. In Where it is found in large numbers in Wisconsin, 
clearer water saugers are most active for short peri- the sauger is an important sport fish. Its firm, white 
ods in the evening and early morning. In more tur- flesh is equal to the walleye’s in taste, and some con- 
bid water, where light intensities are lower, the pe- noisseurs prefer it to walleye. Angling for saugers is 
riod of activity is longer. Collette et al. (1977) indicated largely confined to Lake Winnebago and to the Mis- 
that in shallow water the activity of saugers in- sissippi River and the extreme lower reaches of its 
creases when the wind increases. major tributaries. The sauger is taken below dams, at 

In large, deep lakes the sauger is generally found the mouths of tributary streams, and below the rock 
in bays in the region above the thermocline, al- wing dams in the Mississippi River. Anglers usually 
though in Lake Huron Koelz (1929) reported gill net- prefer to catch walleyes, since they are larger in size. 
ting specimens from depths of 146-183 m. In clear Saugers respond readily to both artificial and live 
water at midday, saugers tend to stay in deep water, baits, including small bass plugs, spinner-minnow 
but they remain above the thermocline. and spinner-fly combinations, streamer hair and 

On rare occasions saugers are known to descend feather wet flies, live minnows, small frogs, and 

the St. Lawrence River to a point where the water is nightcrawlers (Harlan and Speaker 1956). 
usually brackish (Scott and Crossman 1973). The sauger is more abundant in the Mississippi 

Collette et al. (1977) stated that saugers are the most River than the walleye. In the Burlington to Du- 
migratory of the percids. Tagged fish have been re- buque (Iowa) sector of the river, in an experimental 
covered at distances up to about 380 km (236 mi) from netting, 68 saugers were taken with 17 walleyes 
the point of release; their minimal mean swimming (Barnickol and Starrett 1951). In a gill net sample taken 
speeds have been estimated at 19.7 km/day upstream in Lake Pepin during October 1965, 368 saugers were 
and 21.1 km/day downstream. caught with 55 walleyes (Upper Miss. R. Conserv. 

Studies of saugers tagged in the Mississippi River Com. 1967); the saugers made up 19.2% of the total 
below Lock and Dam 6 in the spring of 1959 demon- catch. In 1957, the sauger ranked third in the sport 
strated that movement out of the home pool is insig- catch of the upper Mississippi River, and in 1962-1963 
nificant, and that locks and dams do not prohibit it ranked sixth (Nord 1967). The estimated sport fish- 
movement between pools (Hubley 1963b). Saugers ery catch of saugers in Pools 4, 5, 7, and 11 of the 
were recovered up to 57 km (35 mi) from the point of = 

tagging. Ay 
In the Missouri River, the farthest distance traveled 

by saugers was 105 km (65 mi)—from the tailwaters , ~ 
of the Fort Randall Dam to the tailwaters of the Ga- ci 

vins Point Dam (W. R. Nelson 1969). Most saugers, ie ’ PF 

especially mature fish, move out of Lewis and Clark < - he ‘ 
Lake in the fall and winter to concentrate upstream Se SV silt fe. : 
in the Missouri River and in the tailwaters of the Fort a 7 Pies, 
Randall Dam. After the completion of spawning in SY fae 
the spring, the fish return to Lewis and Clark Lake. = “Se 

rer ree s A ew ce Me 7 

IMPORTANCE AND MANAGEMENT ee ee coe 
Saugers of various sizes are preyed on by saugers, ‘7 Te ee oer | 
walleyes, and northern pike, and probably by yellow zs i ie a = 
perch, burbot, gars and bowfins. Although saugers Ps ge pee: 
consume most fishes, Scott and Crossman (1973) y iy te en 
have suggested that they are not significant preda- is A Lee ‘sat % 

tors on any species of importance to man. ad al a 

The sauger is host to the glochidial stages of a large Sauger winter catch (Wisconsin DNR photo)
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Mississippi River in 1967-1968 was 107,803 fish Priegel (1969c) has suggested that the sauger in 
weighing 47,930 kg (105,666 Ib) (Wright 1970). Lake Winnebago could stand a greater harvest and 

In Lake Winnebago, the majority of saugers are recommended that on Lake Winnebago a daily bag 
caught through the ice, and this species usually con- limit of five saugers should be tried to increase the 
stitutes more than half of the ice fisherman’s catch sauger harvest. The daily bag limit of a combined to- 
(Priegel 1967a). On 28 January 1961, a creel census tal of five walleyes and saugers is not sufficient to 
showed that 2,813 of the anglers checked had taken harvest a sauger population that is shortlived, very 
3,998 saugers, which was 75% of all fish taken. Wind stable, and attains high population levels. The argu- 
tipups baited with minnows are effective when fish- ment that anglers cannot distinguish saugers from 
ing for saugers through the ice. When the water is walleyes is not realistic in view of the fact that there 
open in the spring, saugers are effectively caught by are separate bag limits for northern pike and muskel- 
trolling or drifting over sand bars and gravel along lunge, which resemble each other, and for large- 
the north and northeast shores of the lake. The mouth bass and smallmouth bass, which are also 
sauger harvest during the rest of the year is minimal similar. 
at best, and at times there is no sauger fishing at all Carlander (1955) determined that standing crops of 
(Priegel 1968c). saugers from Tennessee to Wisconsin averaged 2.0 

In Wisconsin a number of rivers and inland lakes kg/ha (0.5-6.3 kg/ha). Rapid growth rate of saugers 
(including Lake Winnebago) have a continuous open is common in the expanding environments of new 

season on saugers; others have a closed period from reservoirs (Carter 1968, W. R. Nelson 1969); Nelson 
1 March to early May. The 1980 Wisconsin fishing noted that growth rate improved after impoundment 
regulations generally allow a daily combined total of of the reservoir (Lewis and Clark Lake) in 1955 but 
five saugers and walleyes; for most waters there is thereafter decreased and was quite stable between 
no minimum size limit (Wis. Dep. Nat. Resour. 1979). 1957 and 1963. 
Before fishing, the angler should consult current 
fishing regulations.



886 Perch Family—Percidae 

Yellow Perch Breeding male without nuptial tubercles, but more 
intensely colored than breeding female. 

Sexual dimorphism: In male, urogenital opening 

Perca flavescens (Mitchill). Perca—dusky, the ancient behind the anus; in female, 2 openings (genital and 
name of Perca fluviatilis, the Eurasian perch; fla- urinary) behind the anus (Moen 1959). 

vescens—becoming gold colored. 
Other common names: perch, lake perch, river DISTRIBUTION, STATUS, AND HABITAT 

perch, common perch, American perch, ringed The yellow perch occurs in all three drainage basins 

perch, ringtail perch, raccoon perch, red perch, in Wisconsin, in all of the state’s boundary waters, 
striped perch. and in Lakes Michigan and Superior. A glacial lake 

species, it is widely distributed except in the ungla- 
ciated region of southwestern Wisconsin. 

The yellow perch is common locally in the Missis- 
sippi and lower Wisconsin rivers, and it is abundant 

aa ee in lakes, ponds, and impoundments on rivers. In 
J py ae ee pn a Lake Pepin (Pepin County), its numbers have in- 
i ne = mri creased since the turn of the century. It is probably 

nes < = the most abundant panfish in Lake Poygan and in 

as Pewaukee Lake (Becker 1964a,b). In Lake Winne- 

bago, it is second only to the white bass in numbers 

Adult 158 mm, Sugar Cr. (Door Co.), 19 Sept. 1965 (Priegel 1967a). The yellow perch is an important 

panfish in Lake Mendota (Dane County), Arbor Vitae 
Lake (Vilas County), Lake Geneva (Walworth County), 

DESCRIPTION and Little Lake Butte des Morts (Winnebago County). 
Body oval in cross section. Length 127-229 mm (5-9 It is common in Chequamegon Bay (Johnson and 
in). TL = 1.20 SL. Depth into SL 3.3-3.8; deepest of Becker 1970), and at the barriers in tributaries to Lake 

all fishes in the perch family. Head length into SL 2.8- Superior, especially in those streams with lakes in 
3.1. Preopercle serrated on posterior edge. Gill mem- their systems (McLain et al. 1965). This species is also 
branes extended forward, not joined to one another, common in Green Bay and the inshore waters of 
and not joined to isthmus. Premaxillaries protractile, Lake Michigan (Herman et al. 1959). Early in the cen- 
upper lip groove continuous over tip of snout. Mouth tury the yellow perch was the most abundant panfish 
moderately large, slightly oblique, upper jaw reach- in Lake Wingra (Dane County), but today it is far be- 
ing to pupil of eye, lower jaw equal to or slightly hind the bluegill, pumpkinseed, white crappie, and 
longer than upper jaw; minute, pointed teeth in yellow bass (Noland 1951, Churchill 1976). 
brushlike pads on upper and lower jaws; no canines. The yellow perch is adaptable to a wide variety of 
Gill rakers on first arch heavy, close-set, about 18; habitats; however, it prefers lakes, backwaters, and 

branchiostegal rays usually 7. Dorsal fins 2: first or sloughs with modest amounts of vegetation and 
spiny dorsal fin with 13 (12-14) spines; second dor- water of moderate fertility. In stream collection samples 
sal fin with 2 spines, 12-14 rays. Anal fin with 2 it has been encountered in slow, medium, and fast 

spines, 7-8 rays; pelvic fins thoracic, space between currents, although it occurred more commonly in 
pelvic fins less than one-half base of 1 pelvic fin. Scales pools of the following widths: 1.0-3.0 m (15%), 
ctenoid; cheeks scaled, opercles mostly scaleless, 3.1-6.0 m (13%), 6.1-12.0 m (17%), 12.1-24.0 m 

breast, and belly scaled. Lateral line complete, scales (28%), 24.1-50.0 m (17%), and more than 50 m (10%). 

52-61. Pyloric caeca 3, short, thick. Vertebrae 40 (39- It occurred most frequently in shallows in clear to 
41) (Bailey and Gosline 1955). Chromosomes 2n = slightly turbid water, over substrates of sand (30% 
48 (Chromosome Atlas 1973). frequency), gravel (21%), mud (17%), silt (11%), rub- 

Dorsal region of head and back brown to green; ble (9%), boulders (7%), detritus (3%), clay (1%), and 
sides yellow-green to yellow; ventral region of head marl (1%). 
and belly whitish; 6-7 dark, vertical bands extending 
over back and ending on lower sides. Eyes yellow to BIOLOGY 
green. Spiny dorsal fin dusky, but black in the first 2 Spawning normally occurs shortly after ice-out in 
and the last 3-4 interradial membranes. Pectoral fins April or early May, at water temperatures of 7.2-11.1°C 
darkly pigmented anteriorly; pelvic fins generally (45-52°F) (Herman et al. 1959, C. E. Johnson 1971). 

clear; the paired fins yellowish to reddish in life. The spawning of the yellow perch closely follows that
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of walleyes and often coincides with that of suckers. rington (1947) observed spawning after 0940 hr at a 

In Lake Winnebago, the spawning season usually water temperature of 8.9°C (48°F) (p. 199): 

starts between early April and early May, and once ...A single, large, conspicuously gravid female was fol- 

initiated may continue for 8-19 days (Weber 1975). lowed by a long queue of males. The first two males kept 

Peak spawning occurs at water temperatures rang- their snouts prodded against the belly of the female, and 

ing from 6.7 to 19.0°C (44—66°F), and Weber noted they were followed by a double row of males so close to 

that many yellow perch from Lake Winnebago mi- one another that the retinue moved as one body led by the 

grate considerable distances to the upper Fox River female. Several such retinues were formed, and maneu- 

to spawn—a round-trip journey of as much as 48-81 vered in the area at the same time. Each one was about a 

km (30-50 mi). In Lake Michigan, spawning occurs yard long, and numbered from 15 to 25 individuals. These 

from 11 June to the end of June (R. Schumacher, pers queues followed a curved course, ranging from bottom in 

comm.) " ’ : 2 to 4 feet of water, and often proceeding through spaces 

* among the interlacing branches near the surface. 
Yellow perch are random spawners, and do not 

construct nests; nor do they guard their eggs and Activity continued at 1130 hr at 9.4°C (49°F), but 

their young. The relatively unspecialized require- fewer fish appeared to be present. The eggs were 

ments of this species for spawning substrates allow draped on branches of birch and pine which had top- 

yellow perch to use almost all slow-moving or static pled into the water. At the time of egg deposition, 

waters within their geographical range (Collette et al. the males shed milt close to the female’s vent. 

1977). The eggs are usually deposited in sheltered Spawning by yellow perch in aquariums was ob- 

areas—most frequently they are draped over emer- served by Hergenrader (1969:840): 

gent and submergent vegetation or submerged brush _. . At 1125 hr one of the females, who was in and facing 

in water depths of 0.6-3 m. Spawning generally oc- the corner of the aquarium, attended by three males which 

curs at night (Breder and Rosen 1966) although Har- were beside and beneath her near her vent, began a series
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of rapid swimming movements. The female’s tail beats in- exceeding that of the parent fish. Jordan and Ever- 
creased in frequency until expulsion of the egg strand oc- mann described an unusually large ege strand 

curred. The strand was expelled over a period of 5 sec. Al- (1923:367): 
most simultaneously the males released milt which appeared 
as a white cloud. Two strings of eggs were released al- -.. One yellow perch in a Fish Commission aquarium at 
though they probably represented a single mass that was Washington deposited a string of eggs 7 feet 4 inches long, 
torn in half. After release of the eggs the males left and did 4 inches wide at one end and 2 at the other. After being 
not approach the female again. The female did not attempt fertilized this string weighed 2 pounds 9 ounces, while the 
to protect the egg strand. . . . weight of the fish before the eggs were discharged was 

only 1 pound 8 ounces. 
Whenever a female made a quick turn or some other . . . . 
rapid movement, the males rushed to her and ap- The fecundity of yellow perch varies strikingly in 

peared to compete for the position just beneath and different localities. Egg numbers range from 950 to 
behind the vent. Quick movements invariably at- 210,000; egg diameters vary from 1.0 to 2.1 mm 
tracted the males who remained near the female for (Thorpe 1977). In Minnesota, egg production varied 
a few seconds, and then swam away if the move- from 10,000 to 48,000, with the largest fish produc- 

ments did not persist. Hergenrader reported the re- ing the greatest number of eggs (Vessel and Eddy 
lease of seven fertilized egg strands, some about 60 1941). In Lake Winnebago, a 132-mm, age-II female 
cm long. Although the defense of eggs by the female held 4,200 eggs, and a 305-mm, age-VII female held 
yellow perch has been observed in a tank, it is not 121,000 eggs (Weber 1975). The gonads of the yellow 
known if this occurs regularly in the wild (Collette et perch before Spawning may: make up more than 20% 
al. 1977). of the body weight of the female, and more than 8% 

of the body weight of the male; after spawning the 
J Page ages by ovaries or testes may shrink to about 1% or less of 
NERS By the body weight (Lagler et al. 1977). 
“a The hatching time of yellow perch eggs is variable. 

Se RD Herman et al. (1959) reported incubation over 8-10 ‘ eas days at normal water temperatures in the spring; 
BEES” Mansueti (1964) reported a 27-day incubation period 
ier at temperatures of 8.5-12.0°C (47.3-53.6°F). Weber 
RPE (1975) noted an incubation period of 17-20 days, and 
EES hatchi iod of 5-7 days. The prol REDON. atching over a period o ays. The prolarvae are 
OEE ERR 5.5-7.0 mm TL (Norden 1961). 

Lig SSA SIN ES RIS The early development of Lake Winnebago yellow Ze SSO oe early develop go yel 
Cae : perch is discussed by Weber (1975) who provided 

. es photographs of embryos 1 day and 9 days after fertil- 
“Ru Sa ization. The larvae are less than 5 mm long upon 

LER ETE ae SS hatching. They swim up to the surface, where they 
ESE. soot in in th 0.9-1.2 m of water for 3 or 4 fe SR SS remain in the upper 0.9-1.2 m of water for 3 or 

Ca pea weeks. The yolk-sac is absorbed in 3-5 days. Micro- 
. Co SS ERS! SARs . scopic zooplankton become important to the survival 

gee Ae $4 a of young yellow perch when they first begin to feed; 
HEE, if the zooplankton are too large for the young to eat, 

‘ ne the fry will starve soon after their yolk-sacs and oil 
Yellow perch egg strand (Worth 1892:334) globules have been used up. Mansueti (1964) noted 

that in the laboratory there was an almost complete 
Yellow perch egg strands are distinctive, and there lack of feeding success among yellow perch in larval 

is little possibility of confusing them with the eggs of stages. 
any other species of fish. The eggs are held in a mas- According to Mansueti (1964), fin formation starts 
sive, gelatinous matrix known as a strand. These at approximately 11 mm TL. All of the yellow perch’s 
strands are accordion folded, about 38 mm thick, and fins are formed at 13 mm TL. The formation of dis- 
slightly heavier than water; they float in the current tinct body bands begins when the young are about 
until they become entangled in debris and fallen 20 mm TL. M. Fish (1932) described and illustrated 
branches in the shallow water (Mansueti 1964). 5.6-, 7.3-, 9-, 12.5-, 14.4-, 20-, and 20.5-mm stages. 
When water hardened, the strands attain lengths far Norden (1961) sketched the 5.8- and 12.0-mm stages,
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and provided means for separating perch and wall- sexual maturity in its second year of life, and the fe- 
eye larvae (see p. 874). male attains it in the third year (Hasler 1945). In Lake 

In Vilas County lakes, larval yellow perch were Winnebago, females reach maturity in the third or 
caught in varying numbers from the open water re- fourth year of life at lengths of 190-229 mm, while 
gion between late May and early July (Faber 1967). In males mature during their second year at a length of 
Lake Winnebago, the young live and feed near the about 152 mm TL (Weber 1975). It is not unusual to 
surface until they are about 25 mm long (Weber 1975); find males from stunted populations that have ma- 

at this size they gradually swim to the bottom of the tured at 102 mm (4.0 in) (Herman et al. 1959). 
lake. By mid-July, young yellow perch have attained A 1.47-kg (3-Ib 4-0z) yellow perch was caught from 
50% of their first year’s growth; they are 102 mm (4 in) Lake Winnebago in 1954 (Wis. Dep. Nat. Resour. 

long by the end of the growing season in October. 1977). A large yellow perch was taken in New Jersey 
The age of yellow perch is determined by markings in 1865; it weighed 1.91 kg (4 Ib 3.5 oz) (World Almanac 

on the scales. In this species, the time of annulus for- 1976). 
mation varies with the calendar year, with age (new In a Minnesota lake, yellow perch young-of-year 
growth starts earlier in younger fish), and possibly began to feed when they were 6 mm long, and yolk- 
with locale. Growth is more rapid in southern Wis- sac absorption was completed at 7.1 mm (Siefert 
consin waters than in northern waters. 1972). Copepod nauplii were the dominant food at 

The weights of yellow perch from the Lake Michi- the initiation of feeding, and remained a common 
gan study below (Schaefer 1977) were: I—13 g; II— food for all sizes of fish examined. Cladocera were 
58 g; III—84 g; IV—108 g; V—171 g; VI—233 g; and nearly absent from digestive tracts until the fish 
VII—307 g. Females grew faster and lived longer reached 11 mm. Algae were negligible food items. 
than males. Yellow perch of ages III to VIII from Lake In northern Wisconsin lakes, yellow perch young 
Mendota (Dane County) showed the following total eat entomostracans, but quickly change to an insect 
length and weight relationships: 188 mm—82 g; 213 diet consisting, usually, of small dipterous larvae 
mm—132 g; 236 mm—182 g; 251 mm—218 g; 264 (Couey 1935). These, along with other aquatic insect 
mm—268 g; and 279 mm—281 g (Mackenthun and larvae, constitute the principal foods until the perch 
Herman 1949). The average yellow perch in the catch is rather large. Although yellow perch begin to eat 
of Lake Mendota fishermen in 1947 measured 244 fish at an early age, fish does not become a major 
mm (9.6 in) and weighed about 179 g (6.3 oz) (Her- food item until the perch has reached a length of 180 

man et al. 1959). mm or more. One 200-mm yellow perch had eaten a 
Yellow perch increase in length rapidly during the 65-mm perch. 

first 2 years of life. Thereafter they show only small Couey found considerable variety in the food hab- 
annual length increments, but significant weight its of the yellow perch from year to year, even among, 
gains. Growth was significantly less at an average fish in the same body of water. In Silver Lake (Vilas 
mean water temperature of 14.5°C in one year than County), fish constituted 90% of the food volume 
at 16.0°C in another year (Coble 1966). The maxi- consumed by yellow perch in 1932, but only 6.5% in 

mum observed longevity of yellow perch is 13 years 1931. In general, insects were the principal food in 
(Brown 1957). 1931; they consisted of Diptera larvae, mayflies, cad- 

The male yellow perch in Lake Mendota attains disfly larvae, dragonfly nymphs, Sialis larvae, and 

Age and Growth (TL in mm) of the Yellow Perch in Wisconsin 

Location 1 2 3 4 5 6 7 Source 

Drainage lakes, northwestern Wis. 69 109 140 180 201 236 Snow (1969) 
Seepage lakes, northwestern Wis. 66 99 127 150 168 183 Snow (1969) 

Flora L. (Vilas Co.) 84 109 131 159 189 229 249 Parker (1958) 
Mississippi R., Pools 4-6 97 135 185 229 259 285 Kittel (1955) 
L. Mendota (Dane C.) 
Males 142 198 224 231 Herman et al. (1959) 
Females 137 196 231 246 

L. Wingra (Dane Co.) 109 145 170 192 Churchill (1976) 
Green Bay (Oconto Co.)? 

Males 79 127 160 173 Joeris (1957) 
Females 84 130 165 193 183 

L. Michigan (Milwaukee Co.) 77 138 175 200 228 247 269 Schaefer (1977) 

2Empirical lengths, not calculated to annulus.
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miscellaneous insects, and constituted 48% of the food into water both warmer and cooler than the pre- 
volume of food consumed. Fish were the next most ferred temperatures. In southeastern Lake Michigan, 
important food. yellow perch were usually found in water above 11°C 

The stomachs of Mirror Lake (Waupaca County) (51.8°F) and were occasionally abundant in water as 

yellow perch exceeding 20 cm TL, contained chiron- warm as 22°C (71.6°F); substantial numbers, how- 
omid larvae and pupae (82% frequency) and Daphnia ever, were found at water temperatures as low as 8°C 
(36%); for fish less than 20 cm TL the figures were (46.4°F) (Wells 1968). The upper lethal temperature 
28% and 83% respectively (O. Brynildson and Serns limit for yellow perch is reported at 32.2°C (90°F) 
1977). Pearse (1918), in studying the food of shore (Clark 1969); a somewhat higher lethal temperature 

fish in lakes near Madison, found that yellow perch [about 33.5°C (92.3°F)] was reported by Collette et al. 

ate mostly insects, amphipods and entomostracans; (1977). 
even large adults had nothing in the alimentary The yellow perch is quite tolerant of low oxygen 
canal except a large number of cladocerans. Later levels, and has been known to survive winterkill con- 
studies in Lake Mendota and Green Lake indicated ditions under which bluegills, largemouth bass, and 

a diet mostly of insect larvae and entomostracans, walleyes have suffocated (Herman et al. 1959). At ox- 

along with lesser amounts of crayfish, oligochaetes, ygen tensions of 0.3—0.1 ppm in a southern Michigan 
mollusks, plant material, and traces of fish (Pearse lake, there was a heavy kill of yellow perch, but num- 
1921a). bers of the species survived as well (Cooper and 

In western Lake Superior, crustaceans were the Washburn 1949). The toleration threshold of yellow 
predominant food of yellow perch during all months perch for dissolved oxygen has been reported as ap- 
except February (Anderson and Smith 1971b). Am- proximately 0.4—0.3 ppm (Moore 1942). Pearse and 
phipods were the principal crustaceans during April Achtenberg (1920) noted that yellow perch may sur- 
and May, Mysis during November, and isopods in vive for more than 2 hr under field conditions in 
February. Copepods and cladocerans also were water containing only 0.07 ppm of oxygen at 15°C 
eaten. Unidentified fish remains were the most im- (59°F). 
portant item in February. Fish eggs were eaten in The relationship between the depth distribution of 
February and November, and plant material in Feb- yellow perch in lakes and conditions with respect to 
ruary. In Lake Michigan near Milwaukee, 98% vol- temperature and dissolved gases (especially oxygen) 
ume of the summer diet of adult yellow perch con- is not clear-cut (Hile and Juday 1941:184-185): “In 
sisted of slimy sculpins and alewives; the other 2% some lakes (Geneva, Mendota, and Muskellunge) 
included insects, cladocerans, fish eggs, and other fish perch appear to select the coldest water containing 
(Schaefer 1977). sufficient oxygen to support life, and may even pen- 

The close-set gill rakers of the yellow perch effec- etrate strata in which the oxygen is deficient or even 
tively strain out small pelagic foods. Two feeding pe- lacking (Mendota, Muskellunge?). . . . In other lakes 
riods are known—morning and afternoon, the heav- (Silver, Trout, and Green) the perch exhibits a marked 

iest feeding occurs in the afternoon. An adult yellow preference for shallow water in spite of an abun- 
perch eats about 7% of its weight in a day (Pearse dance of cold, well oxygenated water in the thermo- 
and Achtenberg 1920). Pearse, Achtenberg and Has- cline and hypolimnion.” 
ler (1945) reported that, for the summer and winter Yellow perch can tolerate salinity of up to 10 ppt 
seasons, yellow perch move into water devoid of ox- (Collette et al. 1977). On the other hand, they are 
ygen, in close proximity to the lake bottom, to feed among the fish most sensitive to antimycin (a fish 
on chironomid larvae. When feeding yellow perch toxicant), and in soft water situations they die in con- 
were observed on 16 July 1954, the oxygenless zone centrations of 0.5 ppb (Radonski 1966). 
was very near the lake bottom, which forced the Much evidence has been presented to show that 
perch to tolerate brief periods without oxygen while the yellow perch is a strongly schooling fish. Schools 
feeding on the bottom (Hasler and Tibbles 1970). of 50-200 fish are apparently stratified by size and by 

In three Ontario lakes and four Wisconsin lakes, age. Schools of small yellow perch locate in the shal- 
yellow perch were found at average temperatures of lows among vegetation; schools of large fish locate in 
19.7-21°C (67.5-70°F) (Ferguson 1958). At the Lake offshore, open waters. Many lone yellow perch have 
Monona (Dane County) power plant, Neill and Mag- been captured in gill nets, however, which suggests 
nuson (1974) noted that perch avoided the thermal schooling behavior is not strictly adhered to. Indi- 
outfall and preferred nearby lake temperatures of viduals often stray from a school (Hasler and Wisby 
27.1°C (81°F); in the laboratory its preferred temper- 1958). Schooling is essentially a daytime behavior at 
ature was 23.4°C (74°F). Yellow perch made forays for a time when this species is actively feeding.
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In Lake Mendota (Dane County), the daily and yellow perch are similar to those described by Schae- 
seasonal activity of the yellow perch has been exten- fer. No yellow perch have been taken from south- 
sively studied by Hasler (1945), Hasler and Wisby eastern Lake Michigan waters deeper than 46 m; 
(1958), Hasler and Bardach (1949), and Hasler and however, this species has been reported at depths as 

Tibbles (1970). During summer daylight hours, yel- great as 56 m (Thorpe 1977). 
low perch swim in large schools at depths between 8 Manion (1977) noted that adult yellow perch en- 
and 11 m below the surface. Toward sundown they tered a tributary stream of Lake Superior during flood 
move in to shore until they touch bottom. Diving ob- stage, and that postspawning adults and their prog- 
servations have shown that the fish move shoreward eny moved downstream in the fall. In Green Bay, the 
in the hour before sunset, and then cruise along the majority of yellow perch that had been tagged were * 
shore at the 6 m contour until the sun disappears. recaptured within the tagging area; 19.4% were re- 
The school then disperses, and each fish quietly captured in localities less than 32 km (20 mi) distant 
sinks to the sand and becomes motionless shortly from the tagging site; 6.5% at distances of 32-65 km 
after dark. Although yellow perch have a strong (20-40 mi); and 1.9% at distances of 65-81 km (40- 
schooling instinct during daylight, they seem to lose 50 mi) from the tagging areas (Mraz 1951). Move- 
it at night when they can no longer see one another. ments of the yellow perch in this study appeared to 
Predawn observations reveal yellow perch resting on be random. Migrations over some hundreds of kilo- 
the lake bottom. At daybreak, however, they rise, meters have occurred in the Great Lakes (Collette et 
congregate into schools, and, shortly after sunrise, al. 1977). 
swim back into deeper water. In one study, the swimming speeds of yellow perch 

In Lake Mendota, yellow perch hug the bottom in Lake Mendota reached a peak during midsummer 
fairly closely during the fall, winter, and spring. Dur- when water temperatures were 20-25°C (68-77°F). 
ing the winter they often inhabit the deepest parts of As the water cooled in autumn, the swimming 
the lake. When gill nets were set where ice fishing speeds declined (Hergenrader and Hasler 1967). The 
had been most successful, yellow perch were caught highest rate of speed observed for a school of yellow 
in greater numbers over deep water, from 9 m down perch was 54 cm/sec. The swimming speeds of indi- 
to the lake bottom. Large schools have been discov- vidual yellow perch were commonly only one-half 
ered 3-15 m below the ice. In the spring before those of schools at a given temperature interval. 
spawning, yellow perch are evenly dispersed from The yellow perch is afflicted with many parasites. 
the surface to the bottom of the lake. Most Lake Men- Especially common and obvious are the eye grub, the 
dota yellow perch remain in the deepest water con- yellow grub, and black spot. Black spot shows up as 
taining sufficient oxygen to maintain life. When yel- small, black cysts the size of sand grains, which pose 
low perch invade water which does not contain no medical problem to man, but which detract from 
sufficient oxygen for breathing, they apparently the appearance of the fish. Lake Mendota yellow 
draw on the supply in the swim bladder (Pearse and perch have annual summertime mortalities which are 
Achtenberg 1920). presumably caused by the sporozoan Myxobolus 

In the Mississippi River (Ranthum 1969), yellow (Herman et al. 1959). A die-off of an estimated 136 

perch preferred shallow water and vegetated areas, kilotons of yellow perch occurred in July and August 
and avoided flats, drop-off areas, and the channel. 1884 in Lake Mendota. This event caused quite a stir, 
They were considerably more active during the day and as many as 38 men with wagons and teams of 
than at night; activity peaked between 1600 and 1800 horses were employed in the clean-up at one time 
hr. In Green Bay, most yellow perch were taken dur- (Dunning 1884). 
ing the summer at the 9-m interval (Reigle 1969a); the The yellow perch is widely associated with most 
several large catches made at 20 and 22 m in Decem- species of fish found in Wisconsin, and, in Lakes 
ber and April indicated a seasonal movement into Michigan and Superior, it occurs with the coldwater 
deeper water during the winter. In Lake Michigan off salmonids. 
Milwaukee (Schaefer 1977), yellow perch entered 
shallow water (9 m) in June and remained there until IMPORTANCE AND MANAGEMENT 

September and October, when they gradually moved Yellow perch are preyed on by walleyes, muskel- 
to water of intermediate depth (18-27 m); there they lunge, northern pike, burbot, smallmouth bass, lake 
spent the winter. trout, largemouth bass, bowfins, longnose gars, 

In southeastern Lake Michigan, yellow perch in brown bullheads, and lampreys. At times yellow 
their first 2 years of life remain in water shallower perch eat their own kind. Yellow perch eggs are eaten 
than 5 m (Wells 1968); the movements of the older by aquatic birds and other animals, and the fish are



892 Perch Family—Percidae 

eaten by gulls, terns, mergansers, herons, grebes, os- low perch constituted 3.04% of the catch from the 

preys, and kingfishers (Adams and Hankinson 1926). Point Beach Nuclear Plant (Manitowoc County) fish- 
In turn, yellow perch eat the spawn of other fishes, ing pier: they were surpassed in numbers by rainbow 
including walleyes, whitefish, and lake trout. Food trout, brown trout, brook trout, and carp (Spigarelli 

studies indicate, however, that yellow perch do not and Thommes 1976). 
create serious problems as predators of other fish On the Mississippi River, yellow perch ranked tenth 
species. in the sport catch in 1957, and seventh in 1962-1963 

In Lake Michigan, recent trends in yellow perch (Nord 1967). In 1967-1968, the estimated sport fish- 
populations undoubtedly have been related to ale- ery catch of yellow perch in Pools 4, 5, and 7 was 
wife abundance. Yellow perch in Lake Michigan 28,402 fish weighing 4,046 kg (8,919 Ib) (Wright 1970). 
spawn in shallow areas in the spring when alewives The 1980 Wisconsin regulations (Wis. Dep. Nat. 
are also concentrated inshore. The alewife seems to Resour. 1979) for inland waters allow year-round 
harm the yellow perch primarily by inhibiting repro- fishing for yellow perch, with no size limit; there is a 
duction; it also seems likely that alewives compete daily bag limit of 50 panfish, including the yellow 
with or feed on yellow perch fry (Wells and McLain perch. In the Mississippi River, there are no restric- 
1973). Evidence that the alewife may have been re- tions on yellow perch fishing, except in the Wiscon- 
sponsible for poor yellow perch hatches is provided sin-Minnesota boundary waters, which have a daily 
by the exceptionally strong year class of yellow perch bag limit of 25 fish. When caught as sport fish, yel- 
that developed in southeastern Lake Michigan in low perch may not be sold, traded, or bartered. Cur- 
1969, following the decline of alewives in 1967 and rent fishing regulations should be consulted. 
1968. The yellow perch has long had a reputation as the 

Yellow perch are hosts to the glochidial stages of a finest eating of Wisconsin’s freshwater fishes. Jordan 
number of mussels, including Elliptio complanata, and Evermann wrote (1923:366): 
Elliptio dilatata, Anodonta grandis, Actinonaias carinata, ; 
Lampsilis ovata, and Lampsilis radiata luteola (Hart and ... As a pan-fish we do not know of any better among 
Fuller 1974). American freshwater fishes. We have experimented with 

Yellow perch can be caticht on hook and line with the yellow perch and several other species, including both 
Pp grt © species of black bass, the bluegill, wall-eyed pike, and rock- 

'WOTTNS, THINNOWS,, dragonfly naiads, mayfly nymphs, bass, eating each for several days in succession, and found 

crayfish tails, and pieces of fish (including fish eyes). the yellow perch the sweetest and most delicious of them 
In the winter, anglers turn to small jigs, goldenrod all. One does not tire of it so soon as of the other kinds. 
grubs, salmon eggs, and small minnows for bait. 
Among Wisconsin’s favorite yellow perch lakes are The roe of yellow perch is often discarded, but it 
Mendota (Dane County), Arbor Vitae (Vilas County), should be saved since it is delicious when fried with 

Geneva (Walworth County), Winnebago and Little the perch. 
Butte des Morts (Winnebago County). Ice fishing on Analysis of the edible portion of yellow perch 
Lake Mendota has attracted as many as 5,000 men, shows that it is 79.3% water, 18.7% protein, 0.8% fat, 

women, and children on a nice winter day. and 1.2% ash. It has a low fat content and keeps well 
The recreational value of the yellow perch cannot when frozen. The edible portion has a food value of 

be reduced to figures. Often the perch is the only 82 calories per 100 g of flesh (Herman et al. 1959). 
species which does not disappoint the casual fisher- The yellow perch has become increasingly impor- 
man or vacationer, since it bites frequently when tant as a laboratory dissection animal (Chiasson 1966). 
other fish do not, and it is more easily caught than Few of Wisconsin's native fishes are more attractive 
any other Wisconsin species. It furnishes much than yellow perch. They are often displayed in pub- 
amusement for persons unskilled in fishing, and for lic aquariums, where they must be provided with cool, 
those who do not have expensive special equipment. well-aerated water. Home aquariums of native fishes 

Lake Mendota yielded an estimated 1.5 million yel- often include small yellow perch. 
low perch to ice fishermen during the winter of 1956 Commercial fishing for yellow perch is allowed in 
(Hasler and Wisby 1958). In Escanaba Lake (Vilas Green Bay, Lake Michigan, and Lake Superior. In 
County) during the 1946-1969 period, anglers caught Lake Michigan, commercial production has averaged 
138,962 yellow perch weighing 16,744 kg (36,914 Ib). 1.1 million kg (2.4 million Ib) annually from 1889, 
Yellow perch ranked first in number of fish caught, when records began, through 1970 (Wells and Mc- 
(36.4% of the total catch), and ranked second in Lain 1973). Three notable deviations from this aver- 

weight harvested (26.6%). During 1972 and 1973, yel- age have occurred: in 1894-1896, when the average
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was 2.9 million kg (6.3 million Ib); in 1961-1964, antidote for such a condition, does not occur among 

when the take averaged 2.2 million kg (4.9 million yellow perch because of the similarity in size of the 
Ib); and in 1965-1970, when production dropped ab- individuals making up the perch population. 
ruptly to an average of only 404 thousand kg (890 Following the removal of 70 kg/ha (62.3 Ib/acre) of 
thousand Ib) (Wells and McLain 1973). yellow perch from Curtis Lake (Oneida County), the 

Green Bay of Lake Michigan usually has been lengths (mm) of yellow perch in the lake showed the 
a particularly heavy producer of yellow perch, al- following increases (Churchill 1949b): 
though all shallow areas of the lake have yielded this 
species in commercial quantities. For Lake Michigan AoeClass 1848 
the 1974 commercial harvest of yellow perch was ; 81mm 97mm 
378,722 kg (834,924 Ib) a substantial increase over the ii ue i 

1973 production of 139,921 kg (308,468 Ib). The value IV 193 196 
of the yellow perch fishery was reported at $327,261 Vv 198 aut 
in 1974; this represents the best year for yellow perch 
since 1964 (Wis. Dep. Nat. Resour. 1976c). More than In 1946 about 1.5% of all yellow perch removed from 
90% of the 1974 catch was produced from southern Curtis Lake were 178 mm (7 in) or longer; in 1948, 

Green Bay. Fyke nets and 2'-in gill nets are the pri- 16.3% were 178 mm or longer; and in 1949, 23.2%. 
mary types of gear used to catch yellow perch. The There is evidence that, under certain circum- 
production of yellow perch in the Wisconsin waters stances, walleye predation can be used to reduce a 
of Lake Superior is low; the 1973 catch of 227 kg was yellow perch population. Also since burbot are known 
worth $280 (Pileggi and Thompson 1976). to feed selectively on yellow perch, they have been 

The drop of yellow perch production since 1964 introduced experimentally as a control measure into 
has been of concern to the Wisconsin Department of a northern Wisconsin lake with a stunted yellow perch 
Natural Resources. Regulation of the commercial population. Large lakes with abundant predator fish 
harvest may be necessary, especially in lower Green seem to have the best perch populations. Perch have 
Bay. Suggestions for improving production call for the been reduced or removed successfully through the 
establishment of a refuge for yellow perch, increas- use of selective fish toxicants (Radonski 1966, Len- 
ing the size limit; phasing out the use of 2%-in (60- non et al. 1970). 
mm) nets; creating a half-mile closed strip along bay Since 1973, considerable attention has been given 
and lake shores; closing the season on yellow perch in Wisconsin to producing yellow perch on commer- 
from 1 January to 11 June; and limiting the number cial farms. At the University of Wisconsin at Madi- 

of commercial fishermen or setting a harvest quota. son, yellow perch are raised entirely under con- 
The yellow perch shows a consistent tendency to trolled conditions, in which the best rate of growth is 

become overly abundant particularly in small, infer- obtained at a water temperature of 20°C (68°F) and 
tile lakes; the result of overabundance is poor growth. with a 16-hr photoperiod (Stuiber 1975). Growth has 
Even Lake Mendota had a history of under-sized, ranged from 79 to 343% during a 14-week period 
poorly growing yellow perch at the turn of the cen- (Huh et al. 1976). Research at the University of Wis- 
tury (Bardach 1951). In some lakes, yellow perch are consin-Madison is summarized in Aquaculture: Rais- 
so dominant that the lakes have become “perch ing Perch for the Midwest Market (Univ. Wis. Sea Grant 
bound.” Cannibalism, which would be a welcome Coll. Prog. 1975).



894 Perch Family—Percidae 

Slenderhead Darter paler base color; belly and lower region of head 
white. Row of 10-16 rather obscure, more or less con- 
fluent, dark blotches on side. Small distinct black 

Percina phoxocephala (Nelson). Percina—small perch; caudal spot, and a short, black vertical line extending 
phoxocephala—tapering head. from behind pectoral fin dorsally. A dark stripe from 

Other common names: sharpnosed darter, long- tip of snout extending backward to and occasionally 
headed darter. through the eye to back of gill cover. Suborbital bar 

absent or faint. Submarginal band of bright orange in 
Pe the spiny dorsal fin of the male (Page and Smith 

iS ae 1971). Breeding male without tubercles. Genital pa- 
<cen:lili iiiteaiaeaia ‘ ; rr Cz pilla in male a small triangular flap; in females, dis- 

ls See al tinctly enlarged for a few weeks prior to spawning. 
Dec a SS Sexual dimorphism: Males with a median row of 

2 enlarged, specialized scales extending from midpel- 
Male 70 mm, Wisconsin R., near Orion (Richland Co.), 14 Aug. vic area to the anus; absent in female. In late spring 
1962 and early summer, male has closely spaced melan- 

ophores over breast, belly, and the ventral fins; fe- 
_ male white below with only a few scattered melan- 

< ee ophores on the anal fin. Spiny dorsal fin more 
ve ee a a” oe heavily pigmented in male than in female, with the 

ee "ih Atte ing basal vodien quite dark. 
Ss —- Hybrid: Slenderhead darter x blackside darter 

(Thomas 1970). 
Female 72 mm, Wisconsin R., near Orion (Richland Co.), 14 Aug. 

1982 SYSTEMATIC NOTES 
According to Page and Smith (1971), generalized 

DESCRIPTION characteristics of the subgenus Swainia (in which the 
Body elongate, almost cylindrical, but slightly com- slenderhead darter is the most widely distributed 
pressed laterally. Length 64 mm (2.5 in). TL = 1.18 and best known species) include the modest special- 
SL. Depth into SL 4.5-6.0. Head length into SL 3.5- ization of the midventral row of scales in the male, 
3.7. Preopercle smooth on posterior edge. Gill mem- lack of pronounced sexual dimorphism, highly pe- 
branes moderately attached below to one another. lagic habits, and high meristic counts. Winn (1958) 
Premaxillaries nonprotractile, upper lip groove not suggested that the degree of reduction of swim blad- 
continuous over tip of snout. Snout pointed; mouth der size could be used as an indicator of phylogenetic 
subterminal and horizontal. Upper jaw reaching to advancement of darters. Page and Smith found that 
below front of eye; minute, sharp teeth in narrow 8 specimens had large bladders averaging 15% of 
bands on upper and lower jaws. Gill rakers on lower standard length. 

limb of first arch about 10; branchial apparatus dis- 
cussed by Branson and Ulrikson (1967). Branchioste- DISTRIBUTION, STATUS, AND HABITAT 
gal rays 6. Dorsal fins 2; first or spiny dorsal fin with In Wisconsin, the slenderhead darter occurs in the 

12 (13) spines, fin base into SL 3.3-3.5; second dor- Mississippi River and Lake Michigan drainage bas- 
sal fin with 14 (12-14) rays, fin base into SL 5-5.5. ins. No records are known from the Lake Superior 
Anal fin with 2 spines and 9-10 rays; pelvic fins tho- system. Only in Wisconsin has this species pene- 
racic. Scales ctenoid; cheeks naked, opercles scaled, trated the Great Lakes drainage, and in the St. Croix 

nape with embedded scales; breast naked; 1 en- River it reaches the northern limit of its restricted 

larged, modified scale at base of pelvic fins and 1 at range. 
apex of pelvic girdle; belly of female with naked me- This species is most commonly distributed in the 
dian strip, of male with a row of enlarged, modified lower Wisconsin, Pecatonica, Sugar, and Rock rivers; 

scales. Lateral line complete, scales 65-71; scales elsewhere it occurs in small, widely disjunct popula- 

around caudal peduncle 23-25. Vertebrae 39 (38-40) tions. Generally only 1 to 3 specimens are captured 
(Bailey and Gosline 1955). with each collection, but 40+ were taken by a state 

Back light brown or straw, with darker brown ver- crew from the Pelican River (Oneida County) in 1975, 

miculations and saddle-shaped blotches; sides a and I took 23 from the Wisconsin River near Orion
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(Richland County) in 1962. The status of this species cm deep. It was found over the following substrates: 

has remained the same in Wisconsin since the 1920s. gravel (26% frequency), sand (19%), rubble (16%), 

Much concern has been shown over the status of mud (16%), clay (13%), silt (7%), and bedrock (3%). 

the slenderhead darter, especially along the periph- Its appearance in lakes is unusual, and in Wisconsin 

ery of its range. It is rare in Kentucky and South Da- it is known from Lake Winnebago, where it occurs 

kota, and endangered in Pennsylvania (Miller 1972). over waveswept gravel shallows. 

In Kansas, it may require special attention to ensure 
its continued survival (Platt et al. 1973). In southern BIOLOGY 

Ohio, the slenderhead darter’s recent decline is re- In Wisconsin, the slenderhead darter spawns in 

lated to increased siltation (Trautman 1957). The ad- June. In central Illinois, spawning occurred from 5 to 

dition of this species to the federal rare and endan- 14 June. However, it varies with climatic conditions 

gered fishes list has been proposed but additional and may be delayed for several weeks during periods 

information is needed to determine its status (Com- of high water (Page and Smith 1971, Thomas 1970). 

mittee on Rare and Endangered Wildlife Species 1966). Spawning occurs at 21.1°C (70°F) (Cross 1967). 

The slenderhead darter inhabits moderate- to large- According to Page and Smith, the mass movement 

sized streams (more than 8 m wide to the largest riv- of male slenderhead darters into the spawning habi- 

ers) with moderate to swift currents. Although some- tat during May, well before the females, suggests that 

times taken in clear waters, it more frequently ap- the species is territorial during the spawning season. 

pears in slightly turbid to turbid waters. In Wisconsin, Aquariums used to observe the slenderhead darter 

it was encountered most frequently in water at were probably too small to allow the establishment 

depths of more than 0.6 m, although in smaller of territories, although males were consistently bel- 

streams it has been taken from shallow riffles 10-25 ligerent toward other males. In Illinois, spawning
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occurred in swift riffles over gravel and rubble, at nois (Thomas 1970), lengths at annuli 1 through 3 
water depths of 15-60 cm. The ratio of males to fe- were 45, 61, and 67 mm; in Iowa (Karr 1963), calcu- 

males prior to spawning was 11:2. After spawning, lated lengths at annuli 1 through 4 were 34, 47, 49, 
the adults returned to deeper water. and 56 mm. 

In Wisconsin, an age-II female slenderhead in June The length-weight relationship for the slenderhead 
held 407 mature eggs (Lutterbie 1976). In June, the darter in northern and central Wisconsin was Log 
ovaries constituted 6-11% of the body weight; in July, WT (g) = —12.3845 + 2.1667 Log TL (mm); and in 

0.6%; in August, 0.9%; and in September, 1.4%—evi- southern Wisconsin it was Log WT (g) = — 12.8709 
dence that ovarian size increases shortly after spawn- + 3.2547 Log TL (mm) (Lutterbie 1976). In the Des 
ing. In eastcentral Illinois, females held 500-2,000 Moines River, Iowa, the average K (TL) of slender- 

eggs prior to spawning, of which 50-1,000 were ma- head darters ranging from 35 to 78 mm long was 
ture and were laid during the spawning period (Page 1.392 (Karr 1963). 
and Smith 1971). Egg production increases with the There is little indication that sex influences the size 
size of the female. of slenderhead darters. Although Page and Smith 

The eggs of the slenderhead darter have three (1971) found that the largest specimens they collected 
stages of development: whitish at 0.5 mm diam, yel- were males, the differences between male and female 
low at 0.6-1.1 mm, and yellow to orange at 1.1-1.3 lengths at various ages were not statistically signifi- 
mm diam. Mature eggs, which appear shortly before cant. All age-I males are mature, as are age-I females 
spawning, are transparent and adhesive, and con- larger than 42 mm. 
tain one large oil droplet. Page and Smith noted that In Wisconsin, an age-IV, 83-mm slenderhead from 
eggs which have not been spawned are resorbed. Black River (Clark County) weighed 4.5 g, and a fish 

Egg development and the growth of the young are of the same age and length from the Wisconsin River 
rapid. A 22.4-mm slenderhead darter, collected in (Richland County) weighed 5.8 g. Trautman (1957) 
central Illinois on 23 June, was estimated to be 2 reported this species up to 102 mm (4 in) TL. 

weeks old. It was almost fully scaled; the only areas Young slenderhead darters feed mainly on midge 
lacking eventual scalation were the cheeks, opercles, larvae (Thomas 1970). Page and Smith noted that, as 
and nape, and the anterior two-thirds of the belly. slenderhead darters increased in size, the composi- 
Scales are not present on the nape until specimens tion of the diet, which had been dominated by dip- 
reach a standard length of 33 mm (Page and Smith teran larvae, changed to include substantially greater 
1971). It appears that young slenderheads attain half portions of the larger immature mayflies and caddis- 
of their first year’s growth in about 2 weeks. For 2-4 flies. Less frequently eaten items included amphi- 
weeks after hatching, the young remain on gravel pods, fish eggs, and terrestrial insects, as well as 
riffles in shallow water, 15-30 cm deep. dragonfly naiads and water boatmen (Forbes 1880, 

In southern Wisconsin, young-of-year slenderhead Forbes and Richardson 1920, Cross 1967). Karr (1963) 
darters were 28 mm TL at the end of June, and 45 found stones and plant materials in the stomachs 
mm by mid-October (Lutterbie 1976). In northern they examined, and concluded that these had been 
Wisconsin, they averaged 45 mm by 18 August. picked up incidentally in normal feeding. 

Slenderhead darters collected from southern Wis- The slenderhead darter probably feeds on what- 
consin streams showed the following growth (Lutter- ever insect larvae are available and palatable, but 
bie 1976:181): Thomas (1970) indicated that there was some evi- 

dence of selective feeding since the fish appeared to 
TL Calculated TL at Annulus avoid the abundant elmid beetle adults and plecop- 

Age No. of _—_tmm) timmy teran larvae in riffle areas. Feeding occurs through- 

Gass _ Fish Avg Range 7 2 = #@ out the daylight hours, and stops shortly after dark. 
' 25 49.48 42-58 40.24 Page and Smith (1971) found that the heaviest feed- 

" 22 62.32 56-74 38.77 53.59 : . : : 
ii a1 gos | Gea? 3767 G4o0) GBED ing occurred in May as the spawning period ap- 

IV 6 77.67 69-83 38.83 54.33 67.17 73.67 proached, and that the periods of least feeding were 

, in the months following spawning (July and August) 

a isigiisd) ss __ 8, AR 8S SST and in the colder months (November, February, and 
March). 

For 24 slenderheads from central and northern Page and Smith observed an emigration of slender- 
Wisconsin, the calculated lengths at annuli 1 through heads from comparatively shallow raceways to deeper 
4 were 44, 56, 68, and 80 mm TL respectively. In IIli- channels as winter approached.
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Fish associated with 23 slenderhead darters taken sas it was found in the stomach of a flathead catfish 
from the Wisconsin River (Richland County) were: (Minckley and Deacon 1959). 
the bluntnose minnow (1), spottail shiner (9), yellow In the Embarras River, Illinois, Page and Smith es- 
bullhead (1), stonecat (14), river darter (23), blackside timated a population of one slenderhead darter per 
darter (1), logperch (+), johnny darter (14), rainbow 35.4 square meters of gravel habitat. In the Kaskaskia 

darter (1), fantail darter (9), and smallmouth bass (6). River, Thomas found one slenderhead for approxi- 

mately 20 square meters at two sites; however, at 
IMPORTANCE AND MANAGEMENT many other sites the number of individuals per hec- 
The slenderhead darter was not preyed upon by tare was smaller than in the Embarras River study 
predator fish in Illinois streams studied, but in Kan- area.
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Blackside Darter 6-11 dark saddle-type markings or with a checker- 
board design; sides yellow with an irregular, lateral 
black or brown stripe from snout through eyes across 

Percina maculata (Girard). Percina—small perch; macu- opercles and along body as 6-8 confluent longitudi- 
lata—spotted. nal blotches; ventral region of head and belly whit- 

Other common name: blacksided darter. ish. Suborbital bar distinct, black. Black caudal spot 

present or absent. Spiny dorsal fin membranes with 
EET black pigment on about lower half, becoming less in- 

p Vi tense posteriorly; second dorsal and caudal fins 
s Et Ag a lightly barred; remaining fins lightly pigmented, es- 

be (Ba c- < ecially in female. 
te! rz) Sau = Si al Breeding males without tubercles. Genital papilla 

no Parag in male a small triangular flap; in female distinctly 
Male 81 mm, Eau Claire R. (Marathon Co.), 18 May 1968 enlarged and swollen. Male with more intense colors 

than female, especially during spawning act. 
a Sexual dichromatism: In male, fins and body slightly 

MLL g y 2 blacker than in female. Male capable of changing the 
a Pa) a 2 intensity of black and white coloration at any time of 

~— oe Pi aes aly cH E year. In male, the membrane on the anterior edge of 
= Pe : pelvic fins slightly thicker than in female. 

SS Hybrids: Blackside darter x slenderhead darter, 

Female 73 mm, Yellow R. (Taylor Co.), 27 Apr. 1974 a ae Yee Elona Sows SOLA 

blackside darter x Iowa darter (Wis. Fish Distrib. 
Study 1974-1979). 

DESCRIPTION 
Body elongate to moderately robust, slightly com- DISTRIBUTION, STATUS, AND HABITAT 
pressed laterally. Average size 71 mm (2.8 in). TL = In Wisconsin, the blackside darter is widely distrit 
1.18 SL. Depth into SL 4.7-5.5. Head length into SL uted in the Mississippi River and Lake Michigan 
3.5-3.8. Preopercle smooth on posterior edge. Gill drainage basins, but it is not known from the Lake 
membranes narrowly attached below to one another. Superior drainage. It is generally absent from the 
Premaxillaries nonprotractile, the upper lip groove not northern Wisconsin lakes regions. Its recent appear- 
continuous over tip of snout. Snout pointed, mouth ance in the upper St. Croix-Namekagon system sug- 
subterminal and horizontal, upper jaw reaching to gests a recent introduction, and its widespread pro- 
below front of eye; minute, sharp teeth in narrow liferation in the upper Red Cedar drainage since the 
bands on upper and lower jaws. Gill rakers on lower single record noted by Greene (1935) may likewise be 
limb of first arch long, narrow, wide-spaced, about the result of an introduction. 
10. Branchial apparatus illustrated by Branson and The need of gravel for spawning probably explains 
Ulrikson (1967). Branchiostegal rays 6. Dorsal fins 2; the uncommon status of this species in the southern 
first or spiny dorsal fin with 13 (12-15) spines, fin base half of the driftless area, and may explain its rela- 
into SL 3.3-3.5; second dorsal fin with 13 (13-15) rays, tively general distribution elsewhere, since moderate 
fin base into SL 5-6. Anal fin with 2 spines and 10 currents over sand and gravel are required only dur- 
or 11 rays; pelvic fins thoracic. Scales ctenoid; cheeks ing spawning. 
naked or with embedded scales, opercles scaled, nape The status of this species is uncertain in a number 
naked or with embedded scales; breast naked; 1 en- of areas over its range. In Ohio, it is highly intolerant 
larged modified scale at base of pelvic fins, 1 or 2 at of mine wastes (Trautman 1957). In Illinois, human 
apex of pelvic girdle; belly of female with a naked alterations such as dredging, channel straightening, 
median strip or a row of scarcely modified scales, of and industrial and agricultural pollution affect at 
male with a row of enlarged modified scales (spike- least the local distribution of the blackside darter 
like ctenii). Lateral line complete, scales 56-68; scales (Thomas 1970). In eastern Iowa, the range is becom- 

around caudal peduncle 20-23. Small air bladder ing constricted by the deterioration of the water 
present. Vertebrae 43 (42-44) (Bailey and Gosline quality (Harlan and Speaker 1956). In Kansas, the 
1955). blackside darter is considered threatened (Platt et al. 

Back olive yellow with dusky vermiculations and 1973).



Blackside Darter 899 

i a orp 0 me) df is v emp a gf 
| are Se, 7,4 - i ge - s/ , ps 

B > h | af PSY 

wre Ns 1 e if | \ ear ace woe Tet 
Ts Pr be oo | | yi, v oo 

| Ll ey IG [ * NGS ae ans ap 

i reel yt TAL I Pa a | , Ae Al 
| efor RE Oe CIC SI ern > 

A iA Le bie Be Bn | — [Meet Es 

PERS EEE OOS iE ORGY ACPI \ EAE ms 

OE HAE CEB MPT I , YL OAR 
+ NU ee READY pte NST Ape SS oe | A Mw S 

las WT ae GA ee fag | Le? 
(EOE BaP cov SOME ) MERA EO 4 | ret Lh 
Be aR Ve REL a TAS NT Ras fy | tpel_y 

ofl Gd | Gg’ D esi RS Err LY | NEG 
RB ET Ta ee SEG «eA | | Rae 

MK Ne XK [Pave NSS Se eR Ha LAS 

NEN Re QO “hee: WP OIG eT e | 
‘ Sr LT RS UR Tee SET wat KS 7 

NEL EP Ee a RI AP 
| 02 res Rey k= an Os Ol Shy “ 

: VY JE SEIN [aie eS Dg Rts * 
WC ply ge ah [27 Ok | (BBN Wy | 

wR LA Mr EB pa F< OB me pars So 
| , eS] TELE NG Be OSES JN aii 2 

AL ABE PPO ISIS T OS Lior x 

| RS CER CANE CaS GOA OS | 
vaczcsse WOT? VS ( ee ee SS encoeroen | 

R= ESN ce oe SNH | 
JD QE Sy iy SSE AS Sy . 
te Pl Qi ere AP? Ay a mere «| 

aa eel : SE ho a eG + | 

| pet tee ee | of “a, yt ‘ * ay ‘ EN * 
| PR A IN Bg A Bee 78 Rene = 

/ $ et et ON oe eee i, aes : \ Range of the blackside darter 

WS Fhe AG one Ne Mir may || @ Specimens examined 

od es NS LE aR LOSNa | | & Wisconsin Fish Distribution Study (1974-75) 

| | NG |} J ri Jp OR AR Zan aN | © Literature and reports 
| Percinamaculata file eter ye a ___|.J O Greene (1935) 

In Wisconsin, the blackside darter is common in of the following widths: 1.0-3.0 m (8%), 3.1-6.0 m 

medium- to large-sized streams. Although it is fre- (17%), 6.1-12.0 m (15%), 12.1-24.0 m (29%), 24.1-50.0 

quently observed, it is seldom abundant. In a central m (17%), and more than 50 m (15%). The remainder 

Wisconsin survey, it appeared in 58% of the collec- of the collections came from shallow raceways or rif- 

tions, and, next to the johnny darter, it was the most fles. 

common member of its family (Becker 1959). The 

blackside darter rarely appears in lakes. Greene BIOLOGY 

(1935) noted that, out of 135 collections with black- In Wisconsin, the blackside darter spawns from April 

side darters, 120 collections were from streams. Prie- to June. Females collected from the Yellow River 

gel (1967a) considered it rare in Lake Winnebago; I (Wood County) on 27 March were in spawning readi- 

took a single specimen from Lake Poygan (Becker ness one year, and in another year were spent or par- 

1964b). tially spent by 25 May (Lutterbie 1976). In southern 

The blackside darter inhabits the quieter areas in Wisconsin, Cahn (1927) reported spawning in early 

marginal coldwater and in warmwater streams and June. In southern Michigan, spawning occurred at 

rivers. It was found in clear to slightly turbid water at 16.5°C (61.7°F) and at pH 8.1 (Petravicz 1938). The 

depths up to 1.5 m, often where considerable vege- eggs are laid in coarse sand or fine gravel, at depths 

tation was present. It occurred over substrates of of 30-60 cm (Winn 1958). 

sand (27% frequency), gravel (19%), boulders (18%), The blackside darter migrates from the deeper, 

mud (12%), silt (9%), rubble (9%), clay (4%), bedrock often silt-covered, pools to raceways to spawn. The 

(1%), detritus (1%), and hardpan (1%). Sixty-five per- spawning migration may be postponed or even re- 

cent of the collections with blackside darters were versed by cold temperatures or by flooding. Accord- 

taken from vegetated pools, which occurred in streams ing to Thomas (1970), floods and increased turbidity
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may shorten the spawning period or increase the Lh} P 
mortality rate of the young. Se LAD 

The following account of the spawning behavior of qS ) —S LG 7 
the blackside darter is derived mostly from Winn ~~ 
(1958) and Petravicz (1938). While the males are on LW = 
the spawning grounds in waters with moderate cur- ; QS SS 
rent, the females remain in the deeper water until 2 WH SS 
they are ready to spawn. No nest is built. The males 
move freely over the spawning grounds and do not 
establish territories. Instead, a male creates a com- EZ 
pletely “moving” territory around a female who KE 
swims onto the spawning ground. A male following fF) ) “a ) <3 
such a female makes the area about 40 cm surround- —__ Z& 
ing them into a territory, and makes brief dashes at W Ss, 
any approaching male when the latter comes within nN S FZ 
it. Such moving territories are considered the most AR Ss ZZ 
primitive and least complex type of territory. WS __ AS —S 

The blackside darter male usually attacks only " WS 
males of its own species. During the brief dash or ; ; . ; 

during a fight between two males, the pelvic, anal, The spawning act of the blackside sarah ahenine the ep 

and caudal fins are held stiffly erect in a challenging position above, and the spawning act below. (Petravicz 1938:42). 

position. When an intense fight ensues, the head is 
often lowered, and the erect caudal fin elevates the Five minutes or even a half-hour may elapse before 
posterior region of the body. However, in this species the spawning act is repeated. The female, who 
the fight consists of only a short movement towards spawns periodically from early morning until late 
the intruder, which is sufficient to make him leave. afternoon, is usually spent within about 2% days. A 

Little of the behavior of the blackside darter can female mates individually with several males, since 

truly be designated as courtship. Winn (1958) regards she frequently shifts from one position on the 
the recognition of the female by the male, and, as a spawning ground to another. 
consequence, his following her, as the simplest type The eggs of the blackside darter are 1-2 mm diam, 
of courtship. The subsequent movement by the fe- adhesive, and demersal. They are also colorless and 
male which stimulates the male to mount is also con- transparent, and have a single, colorless oil droplet. 
sidered part of the courtship. Petravicz (1938:42) de- More than 10 eggs are released with each mating, 
scribed the spawning behavior: and a large female may lay up to 2,000 eggs during a 

. . . The female usually initiates the spawning by nervoush epawning season: 
and laboriously sani toa desirable 4 emeaasin a In Wisconsin during May, four age-II females, 
sand or gravel, where she is pursued by males. Immedi- 56-68 mm TL, held from 85 to 232 eggs; these fish 
ately after the female comes to rest, one male assumes the probably were almost spent, since other age-II fish 
clasping position. . . . were spent (Lutterbie 1976). An age-II female, 70 mm 

Simultaneously the pair vibrate their bodies for several TL, collected in April, held 502 mature eggs, and an 
seconds, meanwhile forcibly pressing genital apertures of age-II fish, 74 mm TL, taken in September, held 1,247 

their quivering bodies into the gravelly or sandy depres- immature eggs. Egg numbers increase with the age 

sions where the eggs are deposited. When spawning on and size of the individuals. Wisconsin specimens had 
sand, the fish throw up a cloud of bottom material, and ovaries which were 12.4% of the body weight during 

thus form a shallow depression. Their motions are not April, and 9.4% during May. In June, the ratio of 
enough to disturb gravel. pry anc? Bay. ’ 

ovary weight to body weight reached a low of 2%, 
When the pair has ceased vibrating, the male aban- this ratio increased in September and October to 2.6 
dons the clasping position, and both fish lie ex- and 3.4%. Testes constituted 1.2, 0.1, and 0.7% of the 
hausted on the bottom a few centimeters from the body weight in May, June, and July, respectively. 
spawning location. Their fatigue is indicated by la- After the eggs are deposited, they receive no fur- 
borious gasping and the relaxed dorsal and caudal ther attention from the parents. Blackside darter eggs 
fins. hatch in about 6 days into larvae 5.75 mm long. Pe-



Blackside Darter 901 

travicz (1938) discussed embryonic development and fish from the East Branch of the Lily River (Langlade 
illustrated the newly hatched larva and the postlarva County), captured 18 July 1966. 
21 days after hatching. Fish (1932) illustrated and de- Thomas (1970) found that young blackside darters 
scribed the 41-mm stage. In Michigan, the estimated selected microcrustaceans to eat, but that there was 
growth per day was 0.31 mm during a 30-day period a rapid change to insect larvae. In central Wisconsin, 
early in the first summer of life (Hubbs 1921). blackside darters consumed mostly mayfly larvae, 

According to Petravicz, after hatching the young lesser quantities of diptera larvae, and small amounts 
live in the surface strata; they may drop to the bottom of plant material which were probably ingested inci- 
strata within 3 weeks. Trautman (1957) found young dentally while feeding (R. Schwerdtfeger, pers. 
blackside darters in stands of water willow and comm.). Cahn (1927) reported that blackside darters 
pondweed. Pflieger (1975) noted that the young com- in southern Wisconsin ate largely entomostracans and 
monly occur in backwaters, among accumulations of copepods, as well as large numbers of insect larvae 
sticks, leaves, and other debris. and nymphs. 

Young-of-year blackside darters in central Wiscon- Turner (1921) reported mayfly nymphs, chiron- 
sin were 29-47 mm TL in July and 34-60 mm in Sep- omid larvae, corixid nymphs, copepods, fish re- 
tember. In northern Wisconsin, they were 45-60 mm mains, and silt in the digestive tracts of blackside 
in September. darters. He thought that this darter was an oppor- 

Blackside darters collected from central Wisconsin tunistic feeder, consuming whatever was available; 
streams showed the following growth (Lutterbie however, Thomas (1970) reported that even where 
1976:169): elmid beetles and Plecoptera nymphs were abundant 

they were avoided by blackside darters, while other 
forms were selected as food. Blackside darters have 

uh Calculated TL at Annulus also been observed poking their heads in nests of No- 
Age No. of a comis, suggesting that they were feeding on eggs 

Goss Fish. Avo, Range (Hankinson 1932). 
1 A rea ae oa aes Unlike other darters, which remain relatively close 

rm "1 7854 70-87 4736 69.18 78.54 to the bottom, the blackside darter is essentially a 
Iv 3 94.00 89-104 49.67 76.67 85.33 92.67 midwater form (Trautman 1957). At night both sexes 

, are relatively inactive on the bottom, making only 
valerate) _ 8778 7ON_(90.00) 192? compensatory movements to maintain equilibrium 

(Winn 1958). Respiration rates are also reduced at 
night. 

For 20 fish from northern Wisconsin, the calculated The migratory movements of blackside darters to 
lengths at annuli 1 through 4 were 47, 74, 93, and spawning grounds have been documented by Winn 
108 mm, respectively; for 8 fish from southern Wis- (1958). He was able to follow “a large migrating 
consin, 47, 70, 95, and 101 mm, respectively. In cen- population” upstream to the breeding area. After 
tral and northern Wisconsin, the annulus had not spawning, most blacksides leave the breeding grounds 
been deposited by the latter part of May, but it ap- and migrate downstream, at least to the first perma- 
peared before June 11 in age-I and age-II fish, and by nent pool. In Bear Creek, Michigan, an intermittent 
July 19 in age-III and age-IV fish. stream which dries up in the summer and fall, the 

The length-weight relationship of blackside dart- blackside darter has been known to migrate several 
ers in northern Wisconsin was Log W = —12.2535 miles upstream to permanent pools. 
+ 3.1530 Log L; in central Wisconsin it was Log W The blackside darter is essentially a moderate- to 
= —11.8285 + 3.0335 Log L; and in southern Wis- warmwater fish. It is seldom associated with such 
consin, Log W = —13.0513 + 3.3825 Log L, where coldwater forms as brook trout and mottled scul- 
W is weight in grams and L is total length in milli- pins, but it occurs commonly with rock bass and 
meters (Lutterbie 1976). smallmouth bass at water temperatures of 20.7-21.4°C 

The blackside darter generally reaches maturity (69.3-70.6°F) (Hallam 1959). In Moccasin Creek (Wood 

when 2 years old; only rarely is a yearling fish mature County), 13 blackside darters were associated with 
(Winn 1958). the American brook lamprey (5), brook trout (2), 

The largest Wisconsin blackside darter known northern hog sucker (13), white sucker (153), large- 

(UWSP 551) is 111 mm (4.4 in) TL, 14.7 g—an age-IV scale stoneroller (3), blacknose dace (53), creek chub
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(49), redside dace (9), bluntnose minnow (8), com- doubtedly is used to a limited extent. This darter is 
mon shiner (27), bigmouth shiner (22), yellow bull- not a bait fish, although Adams and Hankinson 

head (1), black bullhead (1), central mudminnow (2), (1926) suggested that it may be “used as a bait, in the 
johnny darter (29), and fantail darter (6). The species absence of anything better.” 
composition of that collection indicated that the The blackside darter has been called “the fine 
water was in transition from cool to warm temper- gentleman of the family” (Petravicz 1938). It is attrac- 
atures. tive, quite hardy, and easily maintained in an 

aquarium. It can survive at least 40 days without 
being fed, although it becomes emaciated. It will take 

IMPORTANCE AND MANAGEMENT white worms, crushed crayfish, mayflies, and cubes 
The use of the blackside darter as food by other fishes of fresh beef and pork; it even attempts to swallow 
and fish-eating birds is unknown, although it un- snails and caddisfly larvae.
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Gilt Darter dorsals); soft dorsal less pigmented than spiny dor- 

sal; caudal fin pigmented along outer half of fin; re- 

maining fins lightly pigmented except in breeding 

Percina evides (Jordan and Copeland). Percina—small males. 
perch; evides—comely. Breeding male with 1-6 tubercles on rays of anal 

Other common name: gilded darter. and pelvic fins and last few ventral rays of caudal fin. 

Single tubercles on midventral line scales, and on the 
= first 3-4 rows of scales on either side of the anal fin. 

Tubercles have also been reported on the head, chin, 
Po Prony — and branchiostegal rays (Collette 1965), but these 

~~ ee Yel eo have not been seen on Wisconsin specimens. Each 

— saddle band united with the blotch beneath to form 
: 5-8 broad, green-black vertical bands with copper red 

Adult 49 mm, Chippewa R. (Rusk Co.), 25 Sept. 1976 areas between; 2 bright orange, roundish spots at base 
of caudal fin; ventral half of head and breast orange- 

red; dorsal fins mostly orange; anal and pelvic fins 

DESCRIPTION blue-black. In female, small tubercles may be present 
Body elongate to moderately robust, slightly com- on anal and pelvic fins (Denoncourt 1969); pattern of 
pressed laterally. Average length 66 mm (2.6 in). TL markings similar to that of male, except all colors are 
= 1.19 SL. Depth into SL 4.5-5.5. Head length into subdued or lacking; vertical bands yellowish; anal and 
SL 3.5-4.0. Preopercle smooth on posterior edge. Gill pelvic fins almost transparent. Young gilt darters re- 
membranes narrowly attached below to one another. semble females. 
Premaxillaries nonprotractile, the upper lip groove not 

continuous over tip of snout. Snout decurved, short; DISTRIBUTION, STATUS, AND HABITAT 
mouth subterminal and horizontal, upper jaw reach- In Wisconsin, the gilt darter occurs in the Mississippi 
ing to below or slightly beyond anterior edge of eye; River drainage basin from the lower Black River to 
minute, sharp teeth in narrow bands on upper and the upper Chippewa River and the St. Croix-Name- 
lower jaws. Gill rakers on lower limb of first arch long, kagon system, where it reaches the northern limit of 

narrow, about 11. Branchiostegal rays 6. Dorsal fins its distribution. These populations appear to be iso- 
2: first or spiny dorsal fin with 12 (11) spines, fin base lated from one another. 
into SL 3.3-3.5; second dorsal fin with 13 (12) rays, Numerous 1956-1961 records of gilt darters from 
fin base into SL 4.5-5.0. Anal fin with 2 spines and the Wisconsin-Minnesota boundary waters of the up- 
10 or 11 rays; pelvic fins thoracic. Scales ctenoid; per St. Croix River (Polk and Burnett counties) are 
cheeks naked or with a few embedded scales, oper- kept in the Bell Museum of Natural History at the 
cles scaled or partially scaled; nape partially scaled University of Minnesota and in the University of 
near dorsal fin; breast naked; 1 enlarged modified Kansas Museum. 
scale at base of pelvic fins, 1 at apex of pelvic girdle; Denoncourt (1969) examined the species upon 
belly of female with a naked median strip or a few which Greene (1935) had based his distribution: 
scarcely modified scales, of male with a row of mod- UMMZ 96070 (1) Bean Creek 2 mi S. Spring Brook 
ified scales with spikelike ctenii. Lateral line com- (Washburn County), 1928; UMMZ 77969 (1) St. Croix 
plete, scales 61-71; scales around caudal peduncle 24- River below the power dam at St. Croix Falls (Polk 
29. Vertebrae 38-39 (Bailey and Gosline 1955). County), 1928; UMMZ 77844 (1) St. Croix River 11 mi 

Back dark olive, with 5-8 dark, squarish saddle N. of Danbury on Hwy. 35 (Burnett County), 1928; 
bands across the dorsal ridge; sides with squarish no specimen was reported to support Greene’s re- 
green black blotches directly below saddle bands, cord from Jackson County. 
and spaces between blotches yellow, orange, or cop- Recent specimens deposited in UWSP are: #2126 
per red; belly yellowish or whitish. Suborbital bar (13) St. Croix River above mouth of Rock Creek (Chi- 

distinct, black. Spiny dorsal fin mostly orange in life. sago County, Minnesota), 1968; #5288 (2) Black River 
In preserved specimens, spiny dorsal membranes T19N R5W Sec 10 (Jackson County), 1975; #5447 (12) 

more or less evenly pigmented except along the ex- Chippewa River T35N R7W Sec 21 (Rusk County), 
treme outer margin, where they are clear (appearing 1976; #5448 (4) Chippewa River T33N R8W Sec 1 
white in individuals with darkly pigmented spiny (Rusk County), 1976; #5449 (1) Wood River T38N
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R19W Sec 19 (Burnett County), 1976; #5518 (2) Na- go back to the last century, and it is undoubtedly ex- 
mekagon River T42N R14W Sec 33 (Burnett County), tirpated there today (Harlan and Speaker 1956, Roosa 
1976; #5519 (1) St. Croix River T42N R1I5W Sec 33. 1977). In Illinois, the gilt darter occurred formerly in 
(Burnett County), 1976; and #5708 (16) Black River the Rock River, but it has not been collected in the 
T21N R4W Sec 33 (Jackson County), 1977. state since 1932; it is believed to be extirpated (P. W. 

The Wisconsin Fish Distribution Study (1974-1978) Smith 1965). In Indiana, it has decreased greatly in 
reported: three collections (2, 11, and 60 fish) from recent years (Gerking 1945), and it is listed as rare in 
the Black River T19N R5W Sec 20 to T21N R4W Sec Kentucky (Miller 1972). This species has been re- 
33 (Jackson County), 1975 and 1977; two collections ported only twice from Ohio, and both reports were 
(3 and 11 fish) from the Yellow River T41N R16W Secs made before 1900 (Trautman 1957); it is probably ex- 
27 and 28 (Burnett County), 1977; one collection (2) tirpated in Ohio. Eddy and Underhill (1974) noted 
St. Croix River T43N R14W Sec 23 (Douglas County), the disappearance of the gilt darter in some Minne- 
1977; (2) Moose River T44N R13W Sec 35 (Douglas sota waters, and suggested that the changes that 
County), 1977; and three collections (1, 2, and 1 fish) have occurred in the Mississippi River drainage area 
from the Namekagon River T42N R14W Sec 33 to T40N during the past 50 years have eliminated the clear- 
R12W Sec 18 (Washburn County), 1976 and 1977. water habitat preferred by the species. They regard 

The known status of the gilt darter indicates a the St. Croix population as (p. 379) “a modern relict 
shrinking range, diminishing numbers in widely population which has been isolated in recent times 
scattered populations, and extirpation in many states. by habitat modification in its former range.” 
The loss is especially evident in the northern portion In Wisconsin, the status of the gilt darter at the 
of its range. The only Iowa records of the gilt darter sites where it is known to occur is difficult to assess.
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Frequently only single specimens constitute a record numbers of breeding tubercles and a midventral row 
for a given site. In most areas where its habitat is lim- of modified scales on males indicates that the male 
ited the gilt darter is rare. In parts of the St. Croix probably mounts the female in the spawning act. 
and the Black rivers it may be uncommon to com- Collette (1965) reported breeding tubercles on gilt 
mon. Currently Wisconsin gives it endangered status darter males from 10 March to 29 June; Denoncourt 
(Les 1979). The required habitat of the gilt darter is (1969), reported breeding tubercles from April to Au- 
threatened by man’s economic interests, since the gust, and noted that they appeared in the form of 
large, fastflowing sections of rivers lend themselves tubercular ridges as well as individual tubercles. 
to a number of human enterprises which are attained Young-of-year gilt darters from Wisconsin waters 
with impoundment. When such areas are dammed, and from Wisconsin-Minnesota boundary waters were 
the gilt darter populations are immediately annihi- 35-37 mm TL in July, 33-52 mm in August, 33-44 
lated. mm in September, and 30-52 mm in October. Age-0 

The gilt darter inhabits clear, medium-sized to fish of both sexes in Virginia were 34-40 mm SL 3 
large streams with clean, silt-free bottoms and per- months after hatching (Denoncourt 1969). Six months 
manently strong currents. It generally occurs in mod- after hatching, males were significantly larger than 
erate to fast, deep riffles and pools, over gravel, rub- females. 
ble, and small boulders. Gilt darters collected from Wisconsin boundary 

In the Black River (Jackson County), the gilt darter and inland waters showed the following growth 
inhabits clear but brown-stained water 0.1-1.0 m (Lutterbie 1976:154): 
deep and 18-30 m wide, over light-colored sand and 
fine gravel 6-12 mm diam, in a current of 0.6-1.2 m/ TL Calculatad That Annulus 
sec (D. Becker, pers. comm.). Most specimens were Age ‘ib. 0F (mm) (mm) 
collected within a meter of a shifting sand delta Class Fish Avg Range 1 2 3 4 

formed by the inflow of a tributary stream (Trout |. 39 14529 3865 384 ° 
Creek). Fewer individuals were captured down- u 5 68.6 62-74 47.2 618 

stream in a current of 0.3—0.6 m/sec, which suggests a ; Bo Te ae oe ee ee 
that a faster current is preferred by this species. 

Avg (weighted) 39.9 61.3 71.0 75.5 

BIOLOGY 
In northwestern Wisconsin, the gilt darter probably 
spawns in mid-June. It was reported in breeding habit The length-weight relationship for 93 fish was Log 
on 27 June in the Black River (Jackson County), where WT (g) = —11.7037 + 2.9973 Log TL (mm). 
it was found over gravel riffles in 30 cm of water (D. The largest Wisconsin gilt darter observed (UWSP 

Becker, pers. comm.). Sixty fish were collected, of 5518) is an 81-mm (3.2-in), 5.9-g male collected from 

which the majority appeared to be males. The fe- the Namekagon River (Burnett County) in 1976. Ac- 
males examined appeared to be spent. A 72-mm, 3.78- cording to Pflieger (1975), adult gilt darters reach a 
g female from that collection had ovaries 5% of body maximum size of about 89 mm (3.5 in). 
weight; of the eggs remaining 12 were mature, yel- A59-mm male gilt darter taken from the Black River 
low, transparent eggs 1.3-1.6 mm diam; 115 were (Jackson County) in June had eaten mostly small 
yellow, opaque eggs 0.8-1.1 mm diam; and the rest diptera larvae (19), some caddisfly larvae (2), and 

were numerous immature white eggs, 0.3-0.6 mm small ephemeropteran nymphs (6). The digestive tract 
diam. In September the ovaries of a female gilt darter of a 72-mm female from the same collection held large 
constituted 1.24% of the body weight (Lutterbie 1976). caddisfly larvae (5), lesser quantities of small dip- 

In Virginia, gilt darters spawned in May when teran larvae (5), the remains of an ephemeropteran 
water temperatures were between 17.2 and 20°C (63 nymph, and unidentified insect remains. Both fish 
and 68°F) (Denoncourt 1969). The large males died stomachs contained small stones, which had prob- 
shortly after spawning. In the Current River, Mis- ably been ingested incidentally with the organic ma- 
souri, brilliantly colored males were taken the third terials. 
week of June (Pflieger 1975). According to Denoncourt (1969), during the spring 

Male gilt darters are significantly larger than the and summer the larger, more colorful male gilt dart- 

females. According to Winn (1958), this indicates that ers occupy the deeper water with rubble and boulder 
the males establish territories. The presence of large bottoms; the females and smaller males are in the ad-
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jacent regions and tend to range more widely after Breeding male gilt darters are among the most 
the breeding season. Young-of-year are found in beautiful of Wisconsin fishes. 
shallow water (15-31 cm) over gravel and small rub- The gilt darter is difficult to collect since it is often 
ble. Schwartz (1965) found gilt darters in the deeper found in fast water over bottoms of large gravel and 
pools during the winter, and noted that in the spring rubble. It has been taken successfully (J. Underhill, 
they returned to the riffles with rapidly flowing pers. comm.) by fixing a seine in position directly 
water. downstream from a likely looking area, followed by 

Twelve gilt darters were collected from the Chip- stirring up the gravel and the rubble to dislodge the 
pewa River (Rusk County) along with the largescale darters and to allow the current to sweep them into 
stoneroller (3), hornyhead chub (10), mimic shiner (6), the net. Gilt darters are also collected with electro- 

rosyface shiner (86), spotfin shiner (17), common fishing gear, but manipulating heavy equipment in a 
shiner (91), silver redhorse (15), shorthead redhorse rapid current while trying to capture a small fish is 
(3), white sucker (8), northern hog sucker (6), yellow difficult. 
bullhead (1), rock bass (1), smallmouth bass (1), 

walleye (1), yellow perch (1), and blackside darter (22). 

IMPORTANCE AND MANAGEMENT 
Because of its rarity, little is known about the gilt 
darter. Its use by fish-eating predators is undoubt- 
edly small.
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Logperch Breeding male with tubercles on ventral scale 
rows, generally in the form of thickenings of the pos- 
terior portion of scale; these tubercles are usually not 

Percina caprodes (Rafinesque). Percina—small perch; prominent, so that magnification and drying are nec- 
caprodes—piglike, in reference to snout. essary to trace their extent. Tubercles better devel- 

Other common names: zebra fish, Manitou darter, oped and more persistent in southern populations of 
rockfish, hogmolly, hogfish. its range (Collette 1965). 

Sexual dimorphism: Second dorsal and anal fins 
a ; usually slightly larger in male than in female (Eddy 

eee CE ye. and Underhill 1974). Males usually with an inter- 

rae S Pi teen at a rupted row of enlarged, modified scales on middle of 
Sai a” : : i breast; female usually with naked breast. Urogenital 

$ i papilla in male coming to a sharp or blunt point; in 
female, it is broad and flat tipped. Anal and pelvic 

Adult female 96 mm, Red Cedar R. (Dunn Co.), 19 Oct. 1974 fins more pigmented in male than in female. 
Hybrids: Logperch x blackside darter (Trautman 

DESCRIPTION 1957, Wis. Fish Distrib. Study 1974-1979). Numer- 
Body elongate, slightly compressed laterally. Length ous natural and artificial hybrids with Ammocrypta, 
94 mm (3.7 in). TL = 1.18 SL. Body depth into SL Etheostoma, and Percina (Schwartz 1972). 

5.0-6.0. Head length into SL 3.5-4.0. Preopercle 
smooth on posterior edge. Gill membranes narrowly SYSTEMATIC NOTES 
attached below to one another. Premaxillaries non- The northern logperch, Percina caprodes semifasciata 
protractile, the upper lip groove not continuous over (De Kay), which occurs in Wisconsin, has a triangu- 
tip of snout. Snout pointed, elongate, often conical lar, scaleless area on the nape, and lateral bars that 
protuberance at tip and extending beyond lower lip; are unevenly spaced and often expanded into blotches. 
mouth inferior and horizontal, upper jaw not reach- The Ohio logperch, Percina caprodes caprodes (Rafin- 
ing to anterior edge of eye; minute, sharp to peglike esque) has a closely scaled nape, and lateral bars 
teeth in narrow bands on upper and lower jaws. Gill more evenly spaced and scarcely expanded into 
rakers on lower limb of first arch short, wide-spaced, blotches. Intergrades between these two forms were 
about 12. Branchial apparatus illustrated and de- reported by Greene (1935) from the lower Milwaukee 
scribed in detail by Branson and Ulrikson (1967). River (Milwaukee County). He suggested that this is 
Branchiostegal rays 6. Dorsal fins 2: first or spiny evidence that Percina caprodes caprodes was once estab- 
dorsal fin with 13-15 spines, base in SL 3.3; second lished in this locality, perhaps throughout the Mil- 
dorsal fin with 14 (14-16) rays, fin base into SL 4.8- waukee and Root river systems, but that it has been 
5.5. Anal fin with 2 spines and 10 (9-11) rays; pelvic almost completely displaced by the encroachment of 

fins thoracic. Scales ctenoid; cheeks scaled, opercles P. c. semifasciata from the west. I have observed con- 
scaled, nape naked to partially scaled; breast naked; siderable variation in the scalation of the nape in sev- 
belly in female usually with a naked median strip, in eral other logperch populations, ranging from the na- 
male usually with an interrupted row of enlarged ked to the fairly well scaled within the same collection. 
modified scales. Lateral line complete, scales 71-79. The squamational patterns appear to be determined 
Vertebrae 42 (41-44) (Bailey and Gosline 1955). Chro- by incompletely dominant genes at one or a few loci, 
mosomes 2n = 48 (W. LeGrande pers. comm.). and further investigation is warranted. 

Back yellowish to dark olive; sides lighter, and 

belly whitish; 15-25 dark olive to black narrow, ze- DISTRIBUTION, STATUS, AND HABITAT 

bralike bands crossing over the back and vertically In Wisconsin, the logperch occurs in all three drain- 
down the sides; bands alternating in length, with the age basins and in all boundary waters. It shows some 

shorter bands scarcely reaching lateral line in some avoidance of the driftless area, probably because of 
instances. Dorsal and caudal fins lightly barred; re- its need for gravel and washed sand for spawning 
maining fins clear to lightly pigmented, especially sites. The logperch is largely absent from the north- 
along fin rays. Fin rays yellowish in life. Suborbital ern sector of the Lake Michigan drainage. 
bar distinct to vague. Black caudal spot about size of The logperch is common in medium to large 
pupil of eye. streams and rivers and in large lakes. With the excep-
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tion of the johnny darter and the Iowa darter, it is the perch has been trawled at depths of 9-22 m (Wells 
most common darter in Wisconsin’s inland lakes. In 1968). In eastern Lake Erie, it occurs to a depth of 40 
Lakes Winnebago and Poygan, it is distributed along m (Trautman 1957). 
wave-swept shores over bottoms of heavy gravel, 
rubble, or boulders, and seldom occurs in those areas BIOLOGY 
protected from wind action. In Lake Superior, it is Winn (1958) has prepared a thorough history of the 

widespread and abundant in the barrier traps in the logperch, and, unless otherwise designated, the facts 
mouths of tributary streams (McLain et al. 1965). It is which follow are from that source. The logperch 
rare in Lake Michigan (Parsons et al. 1975). spawns from April to July in water 10-200 cm deep 

The logperch is found in diverse habitats, includ- (Lutterbie 1976). No territory or nest is prepared. 
ing swift water, the quiet water of cutoff pools in riv- In lake spawning, the male logperch form schools 
ers, and the open water of large lakes. In Wisconsin, above an area of sand or gravel parallel to the shore 
it has been encountered most frequently in clear line which may be up to 30 m in length—a much 
water at depths of 0.6-1.5 m, over substrates of sand larger area than that covered by males spawning in 
(34% frequency), gravel (25%), boulders (14%), mud streams. Such school formation is considered the 
(10%), rubble (9%), silt (7%), and hardpan (1%). In most primitive reproductive behavior to be found 
streams it occurred in pools (50% frequency), riffles among darters; Winn suggested that the males may 
(33%), and sloughs (17%). River collections have need constant contact with other males in the school 
been taken from streams of the following widths: to maintain a sexually active state. Lake spawning 
1.0-3.0 m (5%), 3.1-6.0 m (5%), 6.1-12.0 m (10%), logperch males are completely nonterritorial. They 
12.1-24.0 m (44%), 24.1-50.0 m (17%), and more than do not exhibit fighting behavior, and are the only 
50 m (20%). In southeastern Lake Michigan, the log- darters not to do so. The females feed in deeper
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water beyond the male school, and after spawning the spawning period is ended, go into deeper water and 

they return to the deep water. are not again seen. 
In streams, the male logperch school moves over ‘ 

cand and gravel, rifles, and raceways, A male pro: qquj a ePerh females release 10°20 ease during 
eae a ammeegameunsne lox compel bury the sing snd when 
A male following a female makes brief dashes at an vibrating, Jitter spawning, = = — out rom : under the male either to spawn again with a different 
approaching male when the latter comes closer than male or with the same male or to return to deep 
approximately 40 cm. These attacks are directed watet to fest, 
against other logperch males and sometimes against 
blackside darter males. Such moving territories are 
considered to be the most primitive and the least >) 
complex type of territory. Territorial behavior is cor- > < 
related with sexual dimorphism, and is less devel- e SS 
oped in those species, like the logperch, in which SONS 
differences between the sexes are least evident. / - S ; 

Sexual recognition by the logperch is based more oS = WS 
on behavior than on differences in color and form, oe - we | 
which tend to confuse these fish. Winn noted that ee | 

more frequently than do the males of other darter Esond ‘SS 

moc opens movement elem senbuipatoy of mang ISONTT Coe 
ing” reaction. Male recognition of a ripe female and SEES ANS SSIES SCG SY APU ER! 
response to her behavior can be divided into the “fol- 

lowing,” “mounting,” and “quivering” reactions which Spawning occurs from early morning to early eve- 
constitute the spawning process. ning, but not at night, when this species remains 

Spawning behavior has been described by Reig- relatively quiet on the bottom. A change in climatic 
hard (1913:238): conditions may cause logperch and other darters to 

leave the breeding area. After the spawning season, 
The breeding males are found in groups of 15 or less. the adults migrate to the deeper waters of lakes or 

Among these are a few females, but most of the females streams. 
are seen waiting in deeper water or about the borders of According to Winn (1958), the average number of 
the group. When a female enters the group she is at once eggs laid by a female logperch during a spawning 

pursued by.one or more:males, usually: by many. She con- season is about 2,000, although he listed a female, 84 
tinues to flee for some time in a tortuous course back and : oe ‘ 
forth through the group in its neighborhood. The female min, Sls, with 3,085 eggs. The number of £8gs in- 
finally settles to the bottom and a male takes position over creases with the size and age of the individuals. The 
her with his pelvic fins clasping her head and his tail at the total complement of eggs is laid during the spawning 
side of hers. . . . A rapid vibration of the tail, pectoral and season. Winn noted that there are large numbers of 
pelvic fins of both fish then follows and lasts about four 3- and 4-year-old females in logperch populations 
seconds. This sends backward a whirl of sand and exca- compared with some other darter species. 
vates a little pit in the sand beneath the fish. During this In Wisconsin, the ovary weight of logperch in May 
time, the eggs are emitted and fertilized and weighted by a was 10% of the body weight, but it was less than 1% 

coating of adhering sand grains. The spawning pair is usu- from June to August (Lutterbie 1976). An age-III, 119- 
ally enveloped by a group of supernumerary males, which mm female, collected in May, held 846 eggs. An age- 
are attempting to supplant the pairing male. When the I, 71-mm female, taken in June, held 38 eggs. 
spawning is completed, the spawning fish leave the pit or Theveoos of'the loeperch are demersal and. adhe= 
at least the female does so. She repeats the spawning in z 88 SP 5 
many other pits. When the spawning is finished at a pit the sive, and average 1.3 mm diam. They are colorless 
supernumerary males (and perhaps the pairing male) at and transparent, and usually have one colorless oil 

once surround the pit and devour such eggs as they can globule. The eggs and larvae may develop at a wide 
get. The eggs were found in their stomachs. The eggs and range of temperatures: in Texas (C. Hubbs 1961), log- 

young receive no care from their parents, but these, when perch eggs and larvae developed between 22 and
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26°C (71.6 and 78.8°F); in Ontario (Amundrud et al. fish it was Log W = —11.9791 + 3.0742 Log L, where 
1974), the data suggest the development of eggs and weight is in grams and total length in millimeters. 
larvae at approximately 8°C. (46.4°F). Maturity in the logperch occurs generally at age II, 

Logperch eggs suffer many hazards which may re- rarely by age I. 
duce the hatch. Siltation may cover the eggs so The largest specimen seen in the Museum of Nat- 
deeply that the developing embryos suffocate. Heavy ural History, Stevens Point, Wisconsin, is a 138-mm 

rains and flooding may wash the eggs out of the nest- (5.4-in), 24.6-g female (UWSP 986), age IV, collected 
ing area. The biggest threat is probably predation on from the Little Platte River (Grant County). Wagner 
the eggs by supernumerary male logperch and by (1908), who found this species abundant in Lake Pe- 

other species of fish, such as the white sucker. In a pin, noted a few logperch 150-160 mm long. Traut- 
Michigan lake, schools of suckers quietly entered the man (1957) reported a specimen 180 mm long from 

schools of logperch which were spawning in shallow Buckeye Lake, Ohio. 
water near shore and crowded the spawning fish Young logperch feed on a variety of small orga- 
aside to eat their recently laid eggs (Ellis and Roe nisms, but principally upon cladocerans and cope- 

1917). This predation occurred throughout the day pods. In its very early stages, the logperch is a sur- 
for nearly 2 weeks. face feeder, but as it matures it becomes a bottom 

In Lake Opinicon, Ontario, the total length of free- feeder (Turner 1921). 

swimming logperch at first appearance was 5.5 mm; Logperch in the Madison, Wisconsin, area con- 
at peak abundance from the end of May to the begin- sumed fish eggs, insect larvae, pupae, and adults, 
ning of June it was 7.5-11.5 mm. In northern Wiscon- amphipods, entomostracans, leeches, plant remains, 

sin, logperch larvae appeared in June in the open algae, silt, and debris (Pearse 1918). In southeastern 
water area of Little John Lake (Vilas County) (Faber Wisconsin (Cahn 1927), they fed on bottom animal 

1967). Older young are often associated with dense matter almost exclusively: Chironomus, Simulium, small 
beds of vegetation in shallow water. crustacea, and small mollusks. Logperch from Dry 

M. Fish (1932) illustrated and described the 6.6-, Wood Creek (Chippewa County) had mostly eaten 
12.2-, 14.2-, and 20.5-mm stages. Taber (1969) illus- caddisfly and midgefly larvae, and lesser amounts of 
trated the developmental stages from 5.3 to 25.3 mm. small mollusks, mayfly nymphs, small crustaceans, 

In Michigan, the estimated growth of logperch was and riffle beetles (V. Buckley, pers. comm.). 
0.4 mm per day during a 30-day period early in the Fish remains were found in one Ohio logperch 
first summer's existence (Hubbs 1921). In northern (Turner 1921). Ten percent of the diet of logperch in 

Wisconsin, young-of-year were 57-59 mm long in Bull Shoals Reservoir, Arkansas, during the spring 
September; in southern Wisconsin, they were 59-72 consisted of black bass eggs (Mullan et al. 1968). Log- 
mm long in July, and 63-79 mm long in August: and perch eat their own eggs; up to 20 logperch eggs have 
in central Wisconsin, they were 42-59 mm long in been found in logperch stomachs. 
July, 41-83 mm long in August, and 50-81 mm long Turner considered the logperch to be a generalized 
in September (Lutterbie 1976). feeder, and the period of maturity is marked by an 

Logperch collected from central Wisconsin showed omnivorous feeding habit. The logperch has a rela- 
the following growth (Lutterbie 1976:144): tively long, narrow mouth, and feeds by darting for- 

ward, tilting its head down, and rapidly extending 
TL Calculated TL at Annulus its highly protrusible jaw (Emery 1973). According to 

Age No. of (mm) (mm) Emery, in Greenleaf Lake, Ontario, it is an active day- 
Class Fish Avg ___ Range 1 2 3 4 time feeder, and feeds in schools along the shore 1-3 

' 96 85.16 58-121 65.18 m off the bottom. At night feeding ceases and the 
ij % iis WiGaAe “edad eee aoe school breaks up, with the individual logperch taking 
Iv 1 131.00 72.00 95.00 112.00 125.00 refuge on the bottom in areas of cover such as the 

stalks of aquatic plants, the crevices in rocks, or the 
_evaiiwelpnteg) OAS BAB. “1178 125100 holes in sunken logs—anywhere it can rest with at 

least part of its body hidden. Emery observed that 
For 33 logperch from southern Wisconsin, the calcu- during the daytime, logperch did not often allow 
lated lengths at annuli 1 through 4 were 74, 105, 122, anyone to approach closer than 0.5 m. At night, how- 
and 132 mm respectively. The length-weight rela- ever, it was possible for a diver to touch logperch 
tionship for central Wisconsin logperch was Log W while they were fully illuminated by a diving light. 
= —11.8965 + 3.0532 Log L; for southern Wisconsin On sunny days in clear water, the logperch retires
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to the deeper waters, where it hides under rocks or logperch are logperch themselves, specifically non- 
buries itself in sand, leaving only its eyes exposed. It spawning males who feed on unburied or lightly 
returns to shallower water in the evening (Trautman buried eggs (Scott and Crossman 1973). 
1957). Clay (1962) noted that it avoided bright day- Jordan and Evermann (1896-1900) wrote (p. 1026): 

light by moving from the riffles into adjacent pools. “The Log Perch is the giant of the family, the most of 
In Douglas Lake, Michigan, the logperch during the a fish, and therefore the least of a darter.... We 

nonbreeding season was found in the deeper waters often meet an urchin with two or three of them 
off shore (Winn 1958). strung through the gills on a forked stick.” Logperch 

In the Little Platte River (Grant County), 10 log- are taken occasionally by hook-and-line fishermen 
perch were associated with the shorthead redhorse when they are fishing for perch and sunfishes. The 
(1), white sucker (57), common carp (1), central logperch is sometimes used as a bait minnow; how- 
stoneroller (73), blacknose dace (1), hornyhead chub ever, it keeps poorly in a minnow pail. I have not 

(64), creek chub (1), bluntnose minnow (11), sucker- seen this species in bait stations. 
mouth minnow (39), common shiner (21), sand shiner When fried, logperch are just as desirable a food 

(8), bigmouth shiner (2), johnny darter (4), fantail fish as perch and sunfishes (Eddy and Surber 1947). 

darter (1), and smallmouth bass (9). However, individual logperch of sufficient size for 
human consumption are caught but rarely, and the 

IMPORTANCE AND MANAGEMENT larger fish are often highly encrusted with the para- 
The logperch has been eaten by largemouth bass, sitic trematode black spot, which renders them un- 
northern pike, walleyes, lake trout, rock bass, and palatable to most people. 
burbot, and by birds such as the tern and the red- The logperch makes an interesting and hardy 
breasted merganser. One of the serious predators on aquarium pet.
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River Darter to scaled; breast naked; midline of belly naked or with 
a partial line of modified scales immediately before 
vent reaching about halfway to pelvic fin base. Lat- 

Percina shumardi (Girard). Percina—small perch; shu- eral line complete, scales 48-60; scales around cau- 
mardi—after its discoverer, Dr. G. C. Shumard, dal peduncle 19-24. Vertebrae 39 (38-40) (Bailey and 

surgeon of the Pacific railroad survey. Gosline 1955). 
Other common name: big-headed darter. Back brown to olive brown; sides lighter; and belly 

whitish; 6-7 faint saddle marks on back and 8-11 lat- 
eral blotches along sides that become short, vertical 

eee 5 bars anteriorly. Distinct black suborbital bar. Caudal 
CY gp ie spot faint to prominent (especially in young). Spiny 

a ORs dorsal fin with black blotch on membrane behind 

? 7 ae f first spine and a larger black blotch on membranes 
= oo ee suai” paipen last 3-4 al Second dorsal and caudal 

VG al fins lightly speckled to barred. Anal, pelvic and pec- 
toral fins clear to lightly pigmented. 

Breeding male, with overall colors darker and 
Male 67 mm, Wisconsin R., Port Andrews (Richland Co.), 16 colors more intensified than in females. In male tu- 
Aug. 1962 bercles present on anal fin, pelvic fins, ventral part 

of caudal fin, head, and midventral scales (Collette 
1965). 

Sexual dimorphism: Male usually with a line of 
- modified scales extending from vent to about half the 

ww = distance to pelvic fins; female generally with a naked 
~~. «<1 Ge midline strip or only a few midline scales. Males with 

( ; tie thickened membrane on anterior edge of pelvic fins; 
eS ee female normal, without thickened membrane. Anal, 

pelvic, and pectoral fins more pigmented in male 
than in female; anal fin enlarged in males. 

eas mm, Wisconsin R., Port Andrews (Richland Co.), 16 Hybrids: River darter x logperch (Schwartz 1972). 

ug. 

DISTRIBUTION, STATUS, AND HABITAT 
DESCRIPTION In Wisconsin, the river darter occurs in the Missis- 

Body elongate to moderately robust, slightly com- sippi River and Lake Michigan drainage basins. It is 
pressed laterally. Average length 64 mm (2.5 in). TL not known from the Lake Superior drainage. In the 
= 1.19 SL. Depth into SL 4.8-5.8. Head length into Mississippi drainage, it is present in the St. Croix 
SL 3.5-3.8. Preopercle smooth on posterior edge. Gill River upstream to the St. Croix Falls Dam, the lower 
membranes narrowly to moderately attached below Red Cedar River, the Chippewa River upstream to 
to one another. Premaxillaries nonprotractile, the up- Eau Claire, the Wisconsin River upstream to Wiscon- 
per lip groove not continuous over tip of snout. sin Dells, and the Mississippi River boundary water. 
Snout decurved, short; mouth horizontal to slightly In the Lake Michigan drainage, it occurs in Lakes 
oblique, lower jaw slightly included within upper jaw; Winnebago and Poygan, and in the lower parts of the 
upper jaw reaching to or extending slightly beyond upper Wolf River to at least its juncture with the Wau- 
anterior edge of eye; minute, sharp teeth in narrow paca River. In the Waupaca River, it occurs upstream 
bands on upper and lower jaws. Gill rakers on lower to within 3 km of Weyauwega (Waupaca County). 
limb of first arch short, stout, bent, about 9. Bran- Greene (1935) had no record of the river darter 

chial apparatus illustrated and described by Branson from the Lake Michigan system. In all probability it 
and Ulrikson (1967). Branchiostegal rays 6 (7). Dorsal is a recent immigrant from the Wisconsin River via 
fins 2: first or spiny dorsal fin with 10 (10-12) spines, the canal at Portage (Columbia County) and the up- 
fin base into SL 3.5—4.0; second dorsal fin with 14 per Fox River system. It was first reported from the 
(13-15) rays, fin base into SL 4.5-5.5. Anal fin with west shore of Lake Winnebago by Christenson (Sep- 
2 spines and 11 (12) rays; pelvic fins thoracic. Scales tember 1963, Wis. Dep. Nat. Resour. Monthly Activ- 
ctenoid; cheeks scaled, opercles scaled, nape naked ity Report, Fishery, Nevin Hatchery), and from Lakes
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Winnebago and Poygan and the Waupaca River by mon in Lake Winnebago. Since Greene took his 

Becker (1964b). The spread of this species is similar samples in the late 1920s, this species appears to 

to that indicated for the rainbow darter (Becker 1959). have held its early range and to have expanded into 

An early report of the river darter from southern Lake the Lake Michigan system, where it has established 

Michigan was noted by Hubbs (1926). Specimens were a number of successful populations. 

seen in the water system of Chicago; these had been In lakes, the river darter occurs along wave-swept 

taken up in the “cribs” offshore in Lake Michigan. shores over sand, gravel, rubble, and bedrock. Young- 

The river darter’s entry into southern Lake Michigan of-year have been collected over sandy shallows in 

was probably through either glacial Lake Chicago, or sluggish currents. Our collections were made with 

more recently through the Chicago Sanitary and Ship fine-mesh seines at depths up to 1 m, but we man- 

Canal, which connects Lake Michigan with the Ili- aged to take only a few age-II adults. That adult river 

nois River, a part of the Mississippi system (Greene darters are present in deeper chutes, riffles, and 

1935). channels has been indicated by other investigators 

Although the river darter has appeared in a num- (Harlan and Speaker 1956, Pflieger 1975, Miller and 

ber of Wisconsin collections, at most sites only 1-3 Robison 1973, Thomas 1970). Trautman (1957) noted 

individuals have been taken, and these have gener- its presence in shallow waters only under turbid con- 

ally been young-of-year or yearling fish. It is prob- ditions; when the shallow water was clear, or collec- 

able that the river darter is more common in the state tions were made at night, it was absent. 

than my records indicate, and that part of the diffi- 

culty in assessing its distribution stems from a lack of BIOLOGY 

adequate equipment with which to sample its habi- In Wisconsin, the river darter probably spawns from 

tat. Priegel (1967a) noted that the river darter is com- April to June. Cross (1967) reported river darters ap-
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parently spawning on 10 April in the Neosho River, —12.9628 + 3.3473 Log L, where W is weight in 

Kansas, in water about 0.6 m deep over exposed bed- grams and L is length in millimeters (Lutterbie 1976). 
rock, gravel, and larger stones. The river was un- The largest Wisconsin river darter known is a 2- 
usually low and clear at the time, and the river darter year-old, 80-mm (3.2-in), 4.9-g female (UWSP 946), 

was found only in strong, deep currents near shore. collected from the Wisconsin River (Richland County) 
Scott and Crossman (1973) have suggested that the on 4 August 1962. In Missouri (Pflieger 1975), adults 
spawning behavior of the river darter is similar to of this species are commonly 58—84 mm long, but may 
that of the blackside darter. grow to a maximum of about 89 mm (3.5 in). 

On 8 June, the ovaries of an age-I female river Microcrustaceans are the main foods consumed by 
darter from the Waupaca River (Waupaca County) young river darters. The important food items of 
contained a number of ripe eggs 1.2 mm diam. The adults are Diptera (Chironomidae and Simuliidae), 
ovaries constituted 2.2% of the body weight. Trichoptera (Hydropsychidae), and crustaceans (co- 

In central Wisconsin, young-of-year river darters pepods and cladocerans) (Thomas 1970). Feeding oc- 
were 36-54 mm TL in August; in southern Wiscon- curs during daylight hours. 
sin, they were 42-56 mm long in August (Lutterbie In the Waupaca River below Weyauwega (Waupaca 
1976). In Illinois, young-of-year were 36-43 mm long County), 3 river darters were associated with the 
in June (Thomas 1970). shorthead redhorse (1), hornyhead chub (5), blunt- 

For 17 river darters from southern Wisconsin, cal- nose minnow (76), fathead minnow (3), common 
culated growth at annuli 1 and 2 was 50 and 67 mm, shiner (56), rosyface shiner (48), spotfin shiner (33), 
respectively (Lutterbie 1976). In the Kaskaskia River, spottail shiner (1), sand shiner (7), mimic shiner (9), 

Illinois, the calculated lengths for 11 river darters at northern pike (2), western sand darter (48), logperch 

annuli 1 and 2 were 49 and 65 mm, respectively (+), Iowa darter (1), and brook stickleback (29). 
(Thomas 1970). Thomas estimated that this species 
attains 60 to 70% of its total growth by the first an- 
nulus; most growth occurred from June to mid-Sep- IMPORTANCE AND MANAGEMENT 
tember. In these studies no river darter more than 2 The significance of the river darter as a forage species 
years old was encountered. Maturity occurs in some is probably minimal, and it is seldom if ever used as 
river darters at age I. a bait fish. 

In central Wisconsin, the length-weight relation- Much is yet to be learned about the life history of 
ship of river darters was Log W = — 13.364 + 3.4414 the river darter, and it can become a prime research 
Log L; in southern Wisconsin, it was Log W = organism for the fish biologist seeking a challenge.
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Crystal Darter related western sand darter is in the subgenus Am- 
mocrypta. Crystallaria and Ammocrypta, the 2 subge- 
nera of the genus Ammocrypta, are recognized by 

Ammocrypta asprella (Jordan). Ammocrypta—sand con- some workers as distinct genera, since they are very 
cealed, in reference to lying buried in the sand; different morphologically and represent different 
asprella—little perch (from European genus As- phyletic lines, although apparently these lines have 

pro). a common origin (Williams 1975). Characteristics 
Other common name: rough sand darter. shared by the two subgenera are: a single anal spine; 

the arrangement of breeding tubercles; reduced fron- 

tal bones; narrow interorbital areas; narrowly con- 
pom Be joined branchiostegal membranes; and elongate me- 

a - ; ene ee dian fin rays. 

E ; NS 

DISTRIBUTION, STATUS, AND HABITAT 
Female 125 mm, Wisconsin R., Orion (Richland Co.), 28 July In Wisconsin, the crystal darter occurs only in the 

1962 Mississippi River drainage basin, where it reaches its 
northern limit of distribution. 

DESCRIPTION Mississippi River records: UMMZ 76823 Cassville 
Body very slender, almost cylindrical. Length 140 mm (Grant County); Minnesota Conservation Depart- 
(5.5 in). TL = 1.16 SL. Depth into SL 7.8-9.3. Head ment, below railroad bridge at Winona (Winona 

length into SL 4.0-4.5. Preopercle smooth on poste- County), Minnesota (Bailey and Gosline 1955); below 
rior edge. Gill membranes narrowly attached below Winona on the Wisconsin side (Buffalo County), 1945 
to one another. Premaxillaries nonprotractile, the (Eddy and Surber 1947). Recent specimens deposited 
upper lip groove not continuous over tip of snout. in UWSP: #1156 (6) Wisconsin River at Orion (Rich- 
Snout pointed; mouth horizontal, lower jaw in- land County), 1962; #4788 (1) Trempealeau River 
cluded within upper jaw; upper jaw extending to be- T19N R10W Sec 11 (Trempealeau County), 1974; 
low nostrils but not reaching eye; minute teeth in #5649 (5) Chippewa River T25N R13W Sec 9 (Pepin 
narrow bands on upper and lower jaws. Gill rakers County), 1977; and #5650 (4) Chippewa River T26N 
on lower limb of first arch knoblike, about 11. Bran- R12W Sec 30 (Dunn County), 1977. 

chiostegal rays 6. Dorsal fins 2: first or spiny dorsal The Wisconsin Department of Natural Resources— 
fin with 14 spines, fin base into SL 3.8-4.5; second La Crosse (E. Trimberger, pers. comm.) reported: 
dorsal fin with 15 (14-16) rays, fin base into SL 4.5— Chippewa River T25N R13W Secs 1 and 2 (Pepin 
5.5. Anal fin with 1 spine and 15-16 rays; pelvic fins County), 1965, and T26N R12W Secs 11 and 30 (Dunn 

thoracic. Scales ctenoid; cheeks and opercles half to County), 1965. Specimen identified by me from 
fully scaled; nape scaled; breast naked; belly gener- Chippewa River R26N R12W Secs 29 and 30 (Dunn 

ally naked but occasionally a few scattered scales be- County), 1973 (J. Waybrant, Rice Div. of NUS Corp, 
fore vent and at apex of pelvic girdle. Lateral line Pittsburgh, Pa.). The Wisconsin Fish Distribution 
complete, scales 89-95; scales around caudal pedun- Study (1974-1978) reported: Chippewa River T25N 
cle 25-28. Vertebrae 47-48 (Bailey and Gosline 1955). R13W Secs 3, 4, and 9 (Pepin and Dunn counties), 

Back and upper sides yellow-green; ventral region 1975; Red Cedar River T26N R12W Sec 30 and T26N 
of head and belly whitish; 3-4 broad saddle marks R13W Secs 2, 11, 14, 24, and 35 (Dunn County), 1975. 

over back extending forward to lateral line; 10-12 The crystal darter is not abundant anywhere in its 
dark, confluent oblong blotches along sides. Dark entire range. It is believed to be extirpated in Illinois, 
stripe across snout through eyes and continuing pos- which is ironic, since the collection from which it was 
teriorly. Fins transparent to lightly pigmented; caudal described came from a rocky creek in the Mississippi 
fin often with wavy bands. bluffs in Hancock County (Jordan and Evermann 

Breeding male with tubercles on anal and pelvic 1896-1900). In the Ohio River system, most records 
fins (Collette 1965). date from before 1900 (Trautman 1957, Gerking 1945, 

Clay 1975, P. W. Smith 1965), and it is probably extir- 
SYSTEMATIC NOTES pated from those waters. Trautman (1957) suggested 
The crystal darter is the sole member in the subgenus that its probable extirpation in Ohio might have been 
Crystallaria, formerly the generic name. The closely caused by silt loads which covered its required
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spawning habitat. In Alabama and Mississippi, the bro River, Minnesota, from driftwood and debris 
crystal darter bears depleted status (Miller 1972). caught in a shifting sand bottom (J. Underhill, pers. 

In Wisconsin, the crystal darter is rare in the Mis- comm.). Generally, the crystal darter is an inhabitant 
sissippi, lower Wisconsin, and lower Trempealeau of extensive sandy riffles, bars, and pool bottoms. It 
rivers, and uncommon to common in the lower Red usually occupies clear to slightly turbid waters of 
Cedar River and in the Chippewa River between moderate to strong currents. The crystal darter pre- 
Durand (Pepin County) and Meridean (Dunn County). fers larger rivers and deeper waters than does the 
The northernmost population is probably the strong- western sand darter. 
est remaining anywhere over its entire range. Wis- 
consin has accorded this species endangered status BIOLOGY 
(Les 1979). The development of breeding tubercles in male crys- 

On the Mississippi River at Cassville, the crystal tal darters suggests spring spawning for this species. 
darter was collected from a gravelly bar with a mod- In specimens from Pearl River, Mississippi, Collette 
erate current. A young-of-year crystal darter from the (1965) reported beginning tubercle development from 
Trempealeau River (Trempealeau County) was taken late November to a maximum development in late 
from brown-stained water, 0.6-1.1 m deep, over a January. 
sand substrate in a moderate to strong ‘current. Col- One male crystal darter (134 mm TL), taken from 
lections in the Chippewa River (Pepin and Dunn the Wisconsin River on 28 July, had testes that were 
counties) were taken over substrates of 10-25% sand 0.04% of the body weight; one female (123 mm TL) 
and 90-75% gravel. In the Wisconsin River, it was taken at the same time and place had ovaries that 
found over an extensive rock shelf in about 0.3 m of were 0.23% of the body weight (Lutterbie 1976). The 
moderately flowing water. It was taken in the Zum- testes were 27 mm long, while the right and left ova-
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ries were 20 and 19 mm long, respectively. The ova- shallows at night or on heavily overcast days. Like 
ries contained 6,885 undeveloped eggs, averaging 0.2 the western sand darter, the crystal darter may bur- 
mm diam. row into the sand with only its eyes protruding, and 

A young-of-year crystal darter from the Trempe- dart out when a small prey organism comes into view 

aleau River was 81 mm long on 29 September. (Miller and Robison 1973). 
Crystal darters collected in July from the Wiscon- At Cassville (Grant County) on the Mississippi 

sin River and Red Cedar-Chippewa river system River, a number of crystal darters were seined along 
showed the following growth (Lutterbie 1976:15): with the northern hog sucker, Mississippi silvery 

c minnow, river shiner, and emerald shiner (Greene 
alculated TL at . > . 

TL Annulus 1935). On one collection trip on the Wisconsin River 
Age  Novet (mm) (mm) (Richland County), 6 crystal darters were taken with 
Class Fish Avg Range 1 2 3 shovelnose sturgeon (1), mooneye (4), quillback (1), 

| "1 118.36 97-142 86.73 river carpsucker (5), highfin carpsucker (2), short- 

W 4 152.50 144-157 82.25 136.25 head redhorse (97), golden redhorse (47), northern 
ut ; uGGDD) SeiGo tg6i00 460.00 hog sucker (65), common carp (12), silver chub (10), 

Avg (weighted) 86.38 138.00 160.00 speckled chub (1), bluntnose minnow (1), emerald 

shiner (15), spotfin shiner (23), river shiner (1), sand 

The length-weight relationship of crystal darters was shiner (36), sauger (6), walleye (1), river darter (3), 
Log W = —13.4213 + 3.2708 Log L, where weight is slenderhead darter (11), logperch (31), smallmouth 
in grams and total length is in millimeters. bass (21), black crappie (1), and freshwater drum (2). 

A 3-year-old crystal darter 166 mm (6.5 in) long and 
weighing 25.8 g (UWSP 1156) was captured from the IMPORTANCE AND MANAGEMENT 

lower Wisconsin River (Richland County) in July 1962. Considering its rarity, the crystal darter must play only 
The digestive tracts of two crystal darters taken a minor role in the ecological web. However, this does 

from the Wisconsin River in July contained a total of not detract from its being “a singularly interesting 
2 mayflies, 28 craneflies, 91 midgeflies, 1 blackfly, 38 fish,” as Jordan and Evermann (1896-1900) called it. 

caddisflies, 3 water scavenger beetles, and 3 nema- Study of the crystal darter is a unique challenge to 
todes. The midgeflies comprised 36% of the total the fish biologist, who must determine how to aug- 
weight of the organisms (Lutterbie 1976). Two crystal ment our scanty knowledge of this species’ life his- 
darters taken from the Red Cedar River in July con- tory without endangering the remaining elements of 
tained 4 mayflies, 44 blackflies, and 2 caddisflies. its population. SCUBA observations of this darter in 

The data suggest that the crystal darter prefers its native habitat may gain valuable information 
deeper water (2-5 m) during the day, and moves into without any loss of seed stock.
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Western Sand Darter SYSTEMATIC NOTES 
Until recently the western sand darter was in synon- 
ymy with the eastern sand darter (Ammocrypta pellu- 

Ammocrypta clara Jordan and Meek. Ammocrypta—sand cida). Linder (1959) reviewed the specific status of A. 

concealed, in reference to lying buried in the clara and A. pellucida, and presented information to 
sand; clara—clear, referring to the clear or substantiate recognition of the two species, based on 

transparent flesh. scale counts, opercle structures, and pigmentation. 
Other common name: sand darter. In contrast to the eastern form, the western sand 

darter has only 3-5 scale rows on the side of the 
body, a needlelike opercular spine, and less pigmen- 

y tation in the mid-dorsal and lateral blotches. The de- 
scription and range of the western form have been 

lb L further clarified by Williams (1975). 

DISTRIBUTION, STATUS, AND HABITAT 
In Wisconsin, the western sand darter occurs in the 

Bein OS ims Bleck Raklsekepn. Gor) 1B May 1976 Mississippi River and Lake Michigan drainage ba- 
sins. In the Mississippi system it occurs in the St. 

DESCRIPTION Croix River upstream to St. Croix Falls, where it 
Body very slender, almost cylindrical. Average length reaches the northern limit of its distribution; in the 
56 mm (2.2 in). TL = 1.17 SL. Depth into SL 6.5-8.0. Chippewa River to the confluence of the Red Cedar 
Head length into SL 3.8—4.5. Preopercles smooth on River; in the Black River to Black River Falls; in the 
posterior edge. Gill membranes narrowly to moder- Wisconsin River upstream at least as far as Castle 
ately attached below to one another. Premaxillaries Rock Flowage (Juneau County), and in the flowage’s 
nonprotractile, but the upper lip groove is continu- tributary, the Yellow River. An old report from the 
ous over tip of snout. Snout pointed; mouth hori- Ashippun River places it in the upper Rock River sys- 
zontal, lower jaw included within upper jaw; upper tem (Cahn 1927). 

jaw extending to below posterior nostril but not In the Lake Michigan drainage, the western sand 
reaching eye; minute teeth in narrow bands on up- darter was not known until 1960, when I reported it 
per and lower jaws. Gill rakers on lower limb of first (UWSP 1155) from the Waupaca River (Becker 1965). 
arch knoblike, about 8. Branchial apparatus illus- In 1973, a specimen (UWSP 4404) was taken from the 
trated and described by Branson and Ulrikson (1967). Wolf River (Outagamie County). These are the only 
Branchiostegal rays 6. Dorsal fins 2: first or spiny known records from the Great Lakes drainage basin. 
dorsal fin with 10-12 spines, fin base into SL 3.8- The dispersal route into the Great Lakes system was 
4.5; second dorsal fin with 9-12 rays, fin base into SL probably via the Fox-Wisconsin canal at Portage (Co- 

5.0-6.0. Anal fin with 1 spine and 7-10 rays; pelvic lumbia County), which links the Mississippi and 
fins thoracic. Scales ctenoid; cheeks partially to fully Great Lakes drainages. 
scaled; opercles partially scaled; nape naked; breast A number of sources report the declining abun- 
naked; belly naked; body almost entirely naked with dance and extirpation of the western sand darter, es- 
3—4 rows of scales along the side (including the lat- pecially in the central part of its range. It is listed as 
eral line scale row) and broadening out on caudal rare in Illinois (Lopinot and Smith 1973), depleted in 
peduncle to an almost completely scaled peduncle at Missouri (Miller 1972), threatened in Iowa (Roosa 
base of caudal fin. Lateral line complete, scales 69- 1977), and extirpated in Kansas (Platt et al. 1973). 

81. Vertebrae 39-40 (Bailey and Gosline 1955). Williams (1975) noted that it appears to be more 
Pallid and transparent in life. Preserved head and abundant in the northern part of its range. 

body, light tan or straw-colored; small dark saddles, In Wisconsin, the western sand darter is common 
12 or more on back; 10-12 small, oblong olive spots locally in the lower Wisconsin River, in the Missis- 

along midline of side (faint in life, darker when pre- sippi River, and, according to Eddy and Underhill 

served); dark “moustache” on snout. Suborbital bar (1974), in the St. Croix River upstream to the St. 
absent. Fins clear to weakly pigmented along spines Croix Falls Dam. It was common in the Waupaca 
and rays. River when 48 specimens were taken in 1960. In 

Breeding males with tubercles on pelvic, anal, and 1971, however, the upper Waupaca River was treated 
ventral rays of caudal fins. with fish toxicants during a carp control program,
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and, after the dam gates were closed at Weyauwega, and width of the stream was about 18 m. No other 

the lower river containing the sand darter population fish were captured in this area. 

was virtually without flow for several days. Repeated 

attempts to find surviving members of this popula- BIOLOGY 

tion failed. According to Cross (1967), fluctuating In Wisconsin, the western sand darter spawns from 

water levels and increased siltation are especially det- late June through July (Lutterbie 1976). The ovaries 

rimental to sand darters. Wisconsin has placed the of specimens taken in late June averaged 8.1% of the 

western sand darter in the Lake Michigan system on body weight (with a maximum of 11.6%); in early 

watch status (Wis. Dep. Nat. Resour. Endangered and mid-July, they averaged 7.9%; and in early Au- 

Species Com. 1975). gust, 2.0%. Ovarian size increased to 3.1% in Sep- 

The western sand darter occurs in medium-sized tember; testicular development followed a similar 

to large rivers in moderate to swift currents, over ex- pattern. By examining ovaries and the development 

tensive sand flats, at depths of 0.2-0.9 m. It prefers of breeding tubercles, Williams (1975) placed the 

clear to slightly turbid water. height of the spawning season in July and early Au- 

Cahn (1927) took his single specimen in the Ash- gust. He found females with mature eggs in late Au- 

ippun River from a 300 m stretch of clear sand “with gust. 

not a sign of aquatic vegetation of any sort, or ofa In Wisconsin, maturing to mature eggs, 0.75-1.0 

pebble larger than a sand grain.” In the Waupaca mm diam, averaged 203 (61-301) per adult female in 

River (Waupaca County), the site of capture was a June, 238 (152-324) in July, 54-88 in August, and 158 

hard-packed sand flat over the belly of a U-shaped in September (Lutterbie 1976). The eggs appeared in 

bend in the river (Becker 1965); the depth of the three size classes: yellow eggs, 0.5 mm diam; orange 

water was 15 cm or less, the current was moderate, eggs, 0.75 mm; and orange eggs, 1.00 mm.
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Western sand darters from southern Wisconsin value of this behavior. The habitat of species of the subgenus 

showed the following growth (Lutterbie 1976:24): Ammocrypta is shifting sand bottoms, generally considered 
to be the most unproductive lotic ecosystem. . . . The ster- 

Calculated TL at ile nature of the habitat of sand darters generally precludes 

Te Annulus the presence of predatory species, with the exception of 
Age No. of _ rm) fmm) transient individuals. The absence of predators suggests that 

Class Fish Avg _ Range 1 2 3 survival value of the burying behavior of Ammocrypta may 
| 28 53.79 42-63 41.54 not be due to the protection afforded. Actually this behav- 

" 6 58.64 53-66 44.62 55.86 ior may be more important in energy conservation than in 
" an BUTE) 1BBE66 ONSE tete G178 protection. The energy required for an individual to main- 
Avg (weighted) 43.97 55.95 61.78 tain itself against a moderate current on a sand bottom 

00900 would be considerably greater than the amount required 
For 47 western sand darters from central Wisconsin, for the same individual lying buried in the sand. Also, the 

the calculated lengths at the first three annuli were lower temperature below the surface of the sand probably 
43, 56, and 61 mm—almost identical to the calculated results in a reduction of the metabolic rate. 
lengths for southern Wisconsin populations. The Over extensive sand flats where the water moves 
western sand darter reaches 71% of its total growth as a smooth sheet or a broad riffle, the western sand 

during its first year of life, and 91% during the sec- darter is generally the only species captured. In the 
ond year. Females are usually larger and more nu- Spring Green to Arena sector of the lower Wisconsin 
merous than the males. River, where the current was slow and the water was 

The length-weight relationship for western sand 0.3-0.6 m deep, the western sand darter was taken 
darters was Log W = —12.5174 + 3.0949 Log L, with the speckled chub and with an occasional bull- 
where weight is in grams and total length is in milli- head minnow. In the lower Wisconsin River (Rich- 

meters (Lutterbie 1976). The largest western sand land County), 60 western sand darters were collected 
darter (UWSP 1149) collected from the Wisconsin alone from the typical habitat; from the immediately 
River (lowa County) is 66 mm (2.6 in) TL, 1.5 g, and surrounding substrates (ranging from gravel to mud) 
2 years old. I captured the longnose gar (1), shorthead redhorse 

The western sand darter feeds on small or imma- (1), silver redhorse (1), golden redhorse (21), golden 

ture aquatic insects, such as mayflies and midge lar- shiner (2), bullhead minnow (76), bluntnose minnow 
vae, and on Hyallela (Eddy and Underhill 1974). (13), emerald shiner (16), spotfin shiner (611), spot- 

The western sand darter has the strange habit of tail shiner (1), river shiner (4), sand shiner (9), Mis- 
burying itself in soft sand with nothing visible but its sissippi silvery minnow (3), black bullhead (1), grass 
eyes and mouth (Cahn 1927). According to Linder pickerel (2), yellow perch (23), walleye (16), black- 
(1953), the sand darter dives head-first into the sand, side darter (1), johnny darter (72), rainbow darter (2), 
and, with rapid movements of the pectoral and cau- smallmouth bass (3), largemouth bass (481), pump- 
dal fins, completely buries itself. In aquarium obser- kinseed (1), bluegill (14), black crappie (25), white 
vations, it has been found a couple of centimeters or crappie (1), and brook silverside (3). 

more below the surface of the sand. Williams (1975) 
reported that the burying behavior of the related Am- IMPORTANCE AND MANAGEMENT 

mocrypta bifascia consisted of a rapid dart along the The extent to which the sand darter is preyed upon 
bottom for a distance of 23-38 cm, after which a sud- by other animals is not known. Because of its small, 
den headfirst plunge into the sand left the body bur- thin body it is not a suitable bait fish. 

ied. Only the eyes and snout were exposed. The The sand darter, with its restricted habitat and se- 
midsection of the body was usually buried to a depth cretive habits, is little known. Many questions relat- 
of 5-8 mm below the surface of the sand. The bury- ing to its life history still need to be answered: What 
ing act usually required less than 3 seconds. . is its spawning behavior? Are the eggs and milt de- 

Williams summarized the functions of the burying posited on top of the substrate or within the sand 
habit (1975:30-31): bottom? Does the sand darter feed by swimming ac- 

The burying behavior of Ammocrypta has usually been ex- tively through the water after food organisms or does 
plained in terms of protection from predators, however, it, while buried in the sand, thrust after food particles 

this may not be the most important factor in the adaptive moving overhead through the water column?
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Johnny Darter with increasing pigmentation on remaining fins. The 
pelvic spine and the first 2-3 pelvic rays and the ven- 
tral elements of the pectoral fins acquire whitened, 

Etheostoma nigrum Rafinesque. Etheostoma—a strain- knoblike tips. 
ing mouth; nigrum—black, referring to the male, Sexual dimorphism: All fins except the caudal fin 
especially during spawning. larger in males. In male, urogenital papilla narrow, 

Other common name: central johnny darter. with 2 small lobes partially pigmented; in female, 
broad, swollen appearing, and unpigmented. In 

* Per male, the first 3-5 spines of first dorsal fin with thick- 
ene _ ened, opaque white tips. Male larger than female. 

. “ a SYSTEMATIC NOTES 
ag oncas Based on Wisconsin collections, Hubbs and Greene 

(1935) recognized two subspecies: the nominal cen- 
Male 77 mm, Bear Cr. (Richland Co.), 28 July 1962 tral johnny darter, Etheostoma nigrum nigrum, and the 

scaly johnny darter, Etheostoma nigrum eulepis. The 
DESCRIPTION latter possesses scaled nape, breast, and cheeks. In 

Body slender, slightly compressed laterally. Average the laboratory, Lagler and Bailey (1947) observed the 
length 51 mm (2 in). TL = 1.20 SL. Depth into SL phenotypic intermediacy of the F, intergrades. Anal- 
4.5-5.8. Head length into SL 3.5-3.8. Preopercle ysis of large numbers of johnny darters in field col- 
smooth on posterior edge. Gill membranes narrowly lections from Minnesota (Underhill 1963) disclosed 
to moderately attached below to one another. Pre- several collections containing intergrades, as well as 

maxillaries protractile, the upper lip groove continu- both forms. Underhill concluded that scalation pat- 
ous over tip of snout. Snout decurved, short; mouth terns were determined by incompletely dominant 
horizontal, lower jaw slightly included within upper genes at one or a few loci, and that the morphologi- 
jaw; upper jaw reaching below anterior edge of pu- cal, ecological, and distributional evidence indicate 
pil; minute, sharp teeth in narrow bands on upper that it is undesirable to recognize the scaly johnny 
and lower jaws. Gill rakers on lower limb of first arch darter as a subspecies. 
short, stout to knoblike, about 7. Branchial appa- 

ratus illustrated and described by Branson and Ulrik- DISTRIBUTION, STATUS, AND HABITAT 
son (1967). Branchiostegal rays 6. Dorsal fins 2, The johnny darter occurs in the Mississippi River, 
scarcely to slightly separated: first or spiny dorsal fin Lake Michigan, and Lake Superior drainage basins in 
with 8 (7-9) spines, fin base into SL 4.5; second dor- Wisconsin. It is present in all boundary waters, and 
sal fin with 13 (11-14) rays, fin base into SL 4.0-5.0. in the shallower waters of Green Bay and the Great 
Anal fin with 1 spine and 7-9 rays; pelvic fins tho- Lakes. It is widely distributed in the streams and 

racic. Scales ctenoid; cheeks naked; opercles usually lakes of the state. 
partially scaled; nape naked to scaled; breast naked, In Wisconsin, the johnny darter is the most suc- 
occasionally scaled; belly scaled, or, if naked, gener- cessful member of the family Percidae, and is com- 
ally so behind pelvic fin base. Lateral line complete, mon to abundant in most waters. In northeastern 

scales 37-50. Vertebrae 38 (37-39) (Bailey and Gos- Wisconsin, its frequency of occurrence in the Pine 
line 1955). Chromosomes 2n = 48 (Ross 1973). River basin was 39%, in the Popple River basin, 54% 

Back brown to straw yellow; sides paler; belly (Becker 1972). In a central Wisconsin fish distribution 

whitish yellow; 4-7 dark brown saddle marks on back; study (Becker 1959), the johnny darter appeared at 
W-, J-, and S-shaped dark brown markings arranged 70% of the collection sites, and constituted more than 
along sides, suggesting a broken lateral stripe. Dark 5% of all the fish handled. In a southwestern Wiscon- 
stripe extending from eye to snout, interrupted me- sin survey (Becker 1966), it was captured in 126 (78%) 

dially on snout. Suborbital bar short or absent. Cau- of 162 collections. It is common in Lakes Winnebago 
dal spot faint to absent. Spiny dorsal and soft dorsal and Poygan (Priegel 1967a, Becker 1964b). Its abun- 
fins usually with oblique rows of brown spots; caudal dance in Pewaukee Lake (Waukesha County) is a re- 
fin with wavy vertical brown bands; remaining fins sult of man’s efforts to create suitable swimming 
lightly pigmented to transparent. areas by spreading gravel adjacent to piers. In the 

Breeding male becoming very dusky to black on early 1940s, McCutchin (1946) reported the johnny 
the head and upper body and on the spiny dorsal, darter as rare in Pewaukee Lake, but today it is com-
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mon in such artificially created habitats. At the bar- eastern Lake Michigan, they were captured mostly 
riers in the mouths of streams tributary to Lake Su- between 22 and 31 m, but none from water deeper 
perior, it is common to abundant (McLain et al. 1965). than 64 m (Wells 1968). 

The johnny darter inhabits most Wisconsin lakes The johnny darter is a pioneer species which 
and streams, but prefers small creeks with sand or quickly becomes established in disturbed areas. In 
mixed sand and gravel substrates. In Wisconsin, it central Wisconsin, it moved into a newly dug stream 
was encountered in waters with varying silt loads, channel and quickly became an important part of the 
from the clear to the turbid. It occurred most fre- fish community (Headrick 1976). 
quently at depths of less than 0.5 m, over substrates 
of sand (25% frequency), gravel (21%), mud (13%), BIOLOGY 
rubble (12%), silt (12%), boulders (9%), clay (6%), The johnny darter spawns from April to June at 
bedrock (2%), and detritus (1%). In two instances it water temperatures ranging from 11.7 to 21.1°C (53 
was taken over marl. The johnny darter was taken in to 70°F). Changes in temperature, increased amounts 
many lakes, but occurred more frequently in streams of silt, or high water have been known to delay or 
of the following widths: 1.0-3.0 m (23%), 3.1-6.0 m interrupt the spawning of the johnny darter. 
(25%), 6.1-12.0 m (15%), 12.1-24.0 m (18%), 24.1-50.0 The spawning of the johnny darter has been 
m (13%), and more than 50 m (5%). In streams, 12% treated in detail by Winn (1958) and by Atz (1940), 
of the specimens collected were taken from sloughs, and, unless otherwise designated, the following ac- 
51% from pools, and 37% from riffles. count has been drawn from those sources. 

In Lake Superior, nearly all johnny darters were Males migrate to the spawning grounds in early or 
captured from water less than 18 m deep, and none mid-April, slightly in advance of the females. The 
from water deeper than 25 m (Dryer 1966). In south- breeding area is usually in pools, slow raceways, and
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protected, shallow waters of lakes, which contain large other intruder. He then returns quickly to his nest 
rocks, logs, mussel shells, tin cans, or other objects and swims actively upside down under the rock or 
on which eggs can be deposited. When the males ar- object chosen as the nesting site; this activity appears 
rive in these areas, they establish stationary territo- to attract the female to the nest. The male recognizes 
ries 25 cm diam or larger, usually centered around a female by her complex behavior as she jerks back 
one of the objects listed above. The males maintain and forth, and at times takes an inverted position. 
only one territory, with the larger males dominating The female johnny darter enters the nest in the in- 
the smaller males. Two males of equal size desiring verted position; if she is not in that position, the male 
the same territory swim upstream alongside each quickly chases her out. Winn (1958) noted that both 
other with their fins erect; once dominance is estab- sexes maintain the inverted position most of the time 
lished, the superior male darts at the intruder with while under the rock. An inverted female incites the 
his fins erect, sending the intruder away. Males de- male to move faster and to prod her sides while the 
fend their territories against other species of fish that two fish maintain a head-to-head relationship. Atz 
are up to 3 or 4 times their size. The johnny darter (1940) reported that this species may also assume a 
attacks by butting with its head and biting the fins of head-to-tail position. This activity stimulates the fe- 
its opponent. male to move continuously over the surface of the 
When establishing a territory, the male johnny rock or object and to lay eggs. The male and female 

darter assumes an inverted position, and with his move jerkily over the area where the eggs are to be 
anal, caudal, and pelvic fins cleans the undersurface deposited. The female stops and presses her genital 
of the rock or object chosen for a nesting site. Males papilla against the rock and deposits an egg; seldom 
increase the size of their nests by pushing coarse does she extrude more than one egg at a time. The 
sand to either side with sweeping strokes of their male, maintaining the inverted position, then ferti- 
bodies and tails, and/or by using their heads and pec- lizes the egg. It is not clear whether the eggs are fer- 
toral fins. Males leave the nest only under great du- tilized immediately, or whether the male emits sperm 
ress, although they do occasionally leave the territory intermittently during the course of spawning. The 

for short periods of time. The territories are not main- eggs are laid in an oblong patch up to 13 cm diam in 
tained at night. a single layer, although in places the patch may con- 
When a female johnny darter enters the territory, tain two layers of eggs (Hankinson 1920). 

the male usually darts out at her as he would at any Atz reported that one female spawned with the 
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Side and top views of the positions of the johnny darter under rocks. The ventral view of the fish is 

obtained by looking down through the top of a hypothetically transparent rock, with the fish upside 

down on the underside of the rock (Winn 1958:178. Copyright 1960, the Ecological Society of Amer- 
ica).
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same male for 2 hr, during which 50 spawning acts For johnny darters from central Wisconsin the calcu- 
took place. Winn counted 30, 47, 70, 870, 1080, 1100 lated growth at annuli 1 through 3 was 36, 51, and 

plus, and 1150 eggs in individual nests; the small 66 mm; and for northern Wisconsin johnny darters, 
counts were made early in the spawning period. Both 39, 56, and 73 mm. Northern Wisconsin fish appear 
males and females are polygamous. A male spawns to have a slight growth advantage. 
with more than one female, and a female may spawn The length-weight relationship was Log W = 
with four to six different males and deposit between —12.9211 + 3.2972 Log L, where weight is in grams 
30 and 200 eggs at each spawning. and total length in millimeters. The largest johnny 

Age-I female johnny darters from Wisconsin, 40-63 darter in the Musuem of Natural History, Stevens 
mm TL, held 169 (48-299) mature eggs; age-II fe- Point, (UWSP 1031), collected from the Tomorrow 

males, 53-69 mm TL, held 323 (86-691) mature eggs River (Portage County), is a 3-year-old male, 77 mm 
(Lutterbie 1976). The mature egg is 1.5 mm diam and (3 in) TL. 
amber in color. The number of eggs produced is a The johnny darter at 15 mm feeds on entomostra- 
function of age and size. Speare (1965) showed that cans and minute midge larvae, and these items con- 
three classes of eggs are produced by johnny darters, tinue to appear in the diet throughout life (Turner 
with diameters of 1.5, 1.0, and 0.5 mm; only the larg- 1921). In southeastern Wisconsin, the johnny darter’s 
est eggs are spawned. Lutterbie noted the greatest diet was composed of about 50% chironomid and 
ovarian development in March and April, and a blackfly larvae, with Hyalella and entomostracans 
strong drop in ovarian size in June. (Cyclops, Daphnia, etc.) making up the other half 

During spawning, and after its completion, the (Cahn 1927). In fish from Lake Mendota (Dane 
male johnny darter cares for the eggs. He moves over County), 62.9% of the diet was insect larvae, 13.6% 
the eggs in an inverted position, rubbing them with algae, 2.9% bottom ooze, and 20.7% sand (Pearse 
his pelvic, anal, and caudal fins, about 13-16 times 1921a). In Green Lake (Green Lake County), it con- 

per half hour; each cleaning period lasts from 20 sec- sumed insect larvae (82.1%), amphipods (2.5%), and 
onds to 5 minutes. The male also rubs the eggs with sand (15.3%). In the Big Eau Pleine Reservoir (Mara- 
the swollen fleshy spines of his spiny dorsal fin, and thon County), chironomids made up 66% and cope- 
fans them with his pectoral fins. He eats eggs that pods 23% of the contents of 11 stomachs examined 
become covered with fungus. He also defends the (D. Sanders, pers. comm.). Johnny darters from 
eggs against predators, at least against the smaller western Lake Superior had eaten chironomids (50%); 
fish. the remaining contents of their stomachs were uni- 

Fertilized johnny darter eggs maintained at 22-24°C dentifiable (Anderson and Smith 1971b). 
(71.6-75.2°F) hatch in 5.5-8 days. Speare (1965) noted Turner (1921) noted that there is no difference in 

that eggs laid in April hatch in 16 days at 12.8°C (55°F); the foods consumed by johnny darters in lake and 
in May, in 10 days at 20°C (68°F); and in June, in 6 stream habitats, and that organic and inorganic de- 
days at 22.8°C (73°F). The larvae are 5 mm long upon bris are ingested by fish of all ages. Emery (1973) ob- 
hatching (Fish 1932). Fish illustrated and described served that the johnny darter is a daytime feeder, 
the 5-, 5.6-, 7.1-, 9.6-, and 15-mm stages. and rarely feeds at night. The most important sense 

In southern Wisconsin, young-of-year johnny dart- used by the johnny darter in the capture of food is 
ers were 20-34 mm long in June, 24-38 mm in July, sight (Roberts and Winn 1962); this species responds 
25-48 mm in August, and 27-40 mm in September only slightly to olfactory cues. 
(Lutterbie 1976). In central Wisconsin, they were The johnny darter is distinctly a shallow water 
25-48 mm long in July, 34-40 mm in August, and darter, and is easily observed from shore. Forbes and 
29-54 mm in September. Richardson noted (1920): 

Johnny di arters from southern Wisconsin; showed . . . It often lies with its head up and its body bent to one 
the following growth (Lutterbie 1976:115): side or supported partly by a stone. It can turn its head 

Calculated TL at without moving its body; can roll the eye about in the 
TL Annulus socket; may rest suspended, as we have seen it do, on the 

Age No. of {mm {mm) under side of a floating board; and sometimes buries itself, 
Class Fish Avg Range 1 2 3 with a whirl, in the soft sand, so that only its eyes are 

\ 187 49.00 32-67 39.70 visible. 
u 68 56.59 37-77 35.25 50.64 

Nl 1 68.00 36.00 52.00 64.00 In some lakes, however, this species occurs at consid- 
erable depths. Moyle (1969) surmised that it inhab- 

_fvolwelghted) D888, 0100 ited deep water in Long Lake, Minnesota; many were
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captured in the fall in the shallow water into which rate of 1°C/hr to a maximum of 9°C above ambient 
they had migrated. A study of Lake Vermillion, Min- temperature. 
nesota, disclosed few johnny darters in shallow wa- Because of its ubiquitous distribution, the johnny 
ters, but trawl hauls revealed large populations at darter comes into contact with most fish species in 
depths between 2 and 8 m; a few darters were cap- Wisconsin. In the Pine River (Richland County), 179 
tured in water as deep as 16 m. johnny darters were associated with the American 

The johnny darter is tolerant of many organic and brook lamprey (2), northern hog sucker (4), white 
inorganic pollutants, and it is able to inhabit siltier sucker (72), central stoneroller (181), blacknose dace 

waters than are tolerated by many other fish species (176), creek chub (95), redside dace (50), bluntnose 
(Trautman 1957). Lotrich (1973) found that, although minnow (95), common shiner (190), bigmouth shiner 

the total number of fish in a Kentucky stream was (114), and fantail darter (82). 

reduced by 50% following the influx of strip-mining 
wastes, the johnny darter’s numbers were reduced 
by only a little more than 10%. Pflieger (1971) re- IMPORTANCE AND MANAGEMENT 
ported that the johnny darter avoids streams that are The role of the johnny darter within the aquatic com- 
excessively turbid and silty. munity, according to Scott and Crossman (1973), is 

In streams low in dissolved oxygen, the johnny probably to convert small food organisms to a larger 
darter moves out of the pools and sluggish areas into form, and thus to serve as food for larger fishes. In 
the faster riffles where oxygen levels are higher the Big Eau Pleine Reservoir (Marathon County), the 
(Trautman 1957). In one population studied, a defi- johnny darter is a major food item for the walleye 
ciency of dissolved oxygen (0.1-0.15 ppm) at night, (Joy 1975). The johnny darter has been eaten by lake 
caused by an overabundance of vegetation, resulted trout, lake whitefish, burbot, smallmouth bass, and 

in increased mortality of the johnny darter and the other fishes. 
Iowa darter (Roach and Wickliff 1934). The johnny darter is a known host to the glochidial 
When johnny darters were pretreated with 2.3 ppb stages of the mussels Alasmidonta calceola and Ano- 

dieldrin for 30 days and then exposed to thermal donta grandis, and, as a result, aids in perpetuating 
stress, they had a significantly higher mortality rate those species (Hart and Fuller 1974). 
than fish not pretreated with dieldrin and which had The johnny darter is a useful species for behavioral 
been exposed to the same thermal stress (Silbergeld studies in the laboratory. It makes an interesting and 

1973). Stress was applied by heating the water at a hardy aquarium species.



926 Perch Family—Percidae 

Bluntnose Darter DISTRIBUTION, STATUS, AND HABITAT 
In Wisconsin, the bluntnose darter occurs upstream 

to Pool 8 in the Mississippi River and in closely adja- 

Etheostoma chlorosomum (Hay). Etheostoma—a strain- cent waters. A southern species, it reaches its north- 
ing mouth; chlorosomum—green bodied ern limit of distribution in Wisconsin, Minnesota, 

Other common names: blunt-nosed darter, snubnose and Iowa. 

darter. In Minnesota, several specimens of the bluntnose 
darter were collected by survey crews from the Mis- 
sissippi River in 1944, from Pine Creek in Houston 
County, and from an overflow pool of the Root River 

: ee in 1945 (Eddy and Underhill 1974, R. E. Johnson and 
asc a Moyle 1949). These specimens were examined by 

See Eddy, but they were not deposited in the University 
of Minnesota collections, and their present location is 

Young adult 36 mm, Miller Cr. (Alexander Co.) Illinois, 2 Sept. unknown; 
1964 ' . . . On 21 and 23 August 1944, four specimens were 

collected from small, isolated ponds of the Missis- 

sippi River between New Albin and Minnesota 
DESCRIPTION slough, Allamakee County, Iowa. These sites, vir- 
Body slender, with a long slender caudal peduncle. tually on the Iowa-Minnesota border, are just across 
Length 38-46 mm (1.5-1.8 in). TL = 1.20 SL. Depth the river from Victory (Vernon County), Wisconsin. 
into SL 6.0-7.2. Head length into SL 3.8-4.2. Pre- Although these reports have been mentioned in the 
opercle smooth on posterior edge. Gill membranes literature (Eddy and Surber 1947, Upper Miss. R. 
moderately attached below to one another. Premax- Conserv. Com. 1953, Harlan and Speaker 1956), the 
illaries protractile, the upper lip groove continuous location of validating specimens was unknown until 
over tip of snout. Snout blunt and projecting slightly 1967, when M. Johnson found two vials labeled “Bo- 
beyond the upper lip; mouth horizontal, lower jaw leosoma chlorosomum” in the University of Wisconsin- 
slightly included within upper jaw; upper jaw reach- Madison collections. Each contained a specimen from 
ing below anterior edge of pupil; minute, sharp teeth the two 1944 collection dates. The 21 August 1944 
in narrow bands on upper and lower jaws. Gill rak- specimen, 26.5 mm SL, is now in the University of 
ers on lower limb of first arch short, knoblike, about Michigan collections (UMMZ 186510), and the 23 

6. Branchial apparatus illustrated and described by August specimen is at the Museum of Zoology, Uni- 
Branson and Ulrikson (1967). Branchiostegal rays versity of Wisconsin—Madison. 
about 6. Dorsal fins 2, slightly to widely separated: A verified specimen of the bluntnose darter from 
first or spiny dorsal fin with 8-9 spines, second dor- the Wisconsin waters of the Mississippi River was 
sal fin with 9-11 rays. Anal fin with 1 spine and 7-8 seined on 11 August 1976 off Island 192, T3N R6W 
rays; pelvic fins thoracic. Scales ctenoid; cheeks and Sec 24 (Grant County) (Wis. Fish Distrib. Study 1974— 
opercles scaled; nape usually naked; breast and belly 1978). I have seen this specimen, which is presently 
naked to scaled. Lateral line incomplete with fewer housed in the Wisconsin Department of Natural Re- 
than 25 pored scales, lateral series scales 52-58. Ver- sources collections at the Nevin Headquarters in 
tebrae 39 (38-40) (Bailey and Gosline 1955). Madison. 

Preserved: back yellow-brown (green-yellow in life) In the northern portion of its range, the bluntnose 
with 6-8 faint brown saddle marks; sides with 8-10 darter is decreasing. At one time (before 1905), it was 

faint blotches similar to dorsal markings; belly whit- reported from the Lake Michigan drainage system at 
ish. Continuous dark stripe extending from eye to eye South Chicago, Illinois (Forbes and Richardson 1920), 
across snout. Suborbital bar faint to absent. Dorsal but it is probably extirpated in the Lake Michigan ba- 
fins lightly speckled, caudal fin with wavy vertical sin (Becker 1976). It has been placed on the threat- 
bands; remaining fins clear. ened list in Iowa (Roosa 1977), it is rare in Kansas 

Breeding male dark and with blackened dorsal (Platt et al. 1973), and it has declined in Missouri since 

fins. Thin elongate tubercles on first 2 pelvic rays and the 1940s (Pflieger 1971). Pflieger thought this was a 
portions of remaining rays; poorly developed tu- result of increased siltation caused by the cultivation 
bercles on middle portions of anal rays 2-5. In fe- of prairies. 
male, genital papilla a swollen rugose pad (Collette In Wisconsin, the bluntnose darter must be one of 
1965). the rarest of fish species, although its specialized
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habitat has not been adequately sampled. Wisconsin In Illinois, female bluntnose darters distended with 

has accorded the bluntnose darter endangered status eggs have been taken in late May. In Kansas (Cross 

(Les 1979). 1967), this species came into breeding condition in 

The bluntnose darter inhabits quiet waters of ox- April. In central Mississippi (Cook 1959), an individ- 

bows, ponds, sloughs, pools, and sluggish currents ual fish collected on 15 April was in an advanced 

over mud, clay, and mixed sand and mud, often breeding condition. 

overlaid with vegetation debris. In Illinois, more than Ten bluntnose darters from Miller Creek (Alexan- 

two-thirds of the collections have been taken from der County, Illinois), collected 2 September, were 34— 

quiet waters, and about three-fifths have been taken 39 mm TL and estimated to be age I. The calculated 

over muddy bottoms (Forbes and Richardson 1920). total length at the first annulus was 26 mm. In collec- 

The bluntnose darters captured from the Mississippi tions of the Mississippi Game and Fish Commission, 

River at the Iowa-Minnesota border were seined from 35 specimens ranged from 28 to 46 mm SL (esti- 

small, isolated ponds of unstained, stagnant water, mated 34-55 mm TL) (Cook 1959). Clay (1975) noted 

over mud bottoms with scant or no vegetation. The that this species seldom exceeds 44 mm (1.7 in) TL in 

ponds were as much as 2 m deep. In a Kentucky Kentucky. In Iowa it reaches a length of 64 mm (2.5 

stream, this species occurred in a pool 6 m wide and in) (Harlan and Speaker 1956). 

0.6 m deep, over a mud bottom “about half filled with In Kansas, specimens of bluntnose darters have 

leaves” (Clay 1975). been collected from streams that are somtimes inter- 
mittent during severe droughts and temporarily tur- 

BIOLOGY bid (Cross 1967). The bluntnose darter is usually the 

Nothing has been recorded about the breeding habits only darter taken from a collection site, since it has 

of the bluntnose darter in Wisconsin although it is adapted to an ecological niche differing from most 

likely that spawning occurs in the spring. darters. In Kentucky, the bluntnose darter was col-
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lected with the slough darter; other species present IMPORTANCE AND MANAGEMENT 
at the collection site were the spotted sucker, golden Although the bluntnose darter undoubtedly serves 
shiner, rosefin shiner, blackspotted topminnow, as a forage species for predatory fishes, it is of little 
mosquitofish, pirate perch, four species of centrar- consequence in Wisconsin because of its sparse num- 
chids, the common carp, and the black bullhead (Clay bers. So little is known about this species that a chal- 
1975). Pflieger suggested that the habits of the blunt- lenge remains for the research biologist: to document 
nose darter are probably similar to those of the johnny its life history, before it becomes extinct and a mere 

darter. statistic.
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Banded Darter green; basal portion of spiny dorsal red, upper por- 

tion of spiny dorsal fin green with yellow-white mar- 
gin; soft dorsal fin reddish at base anteriorly, remain- 

Etheostoma zonale (Cope). Etheostoma—a straining der yellowish; caudal, pelvic, and anal fins greenish, 
mouth; zonale—banded. with tips of spines and anterior rays whitish. Breed- 

Other common names: eastern banded darter, zoned ing female not as intensely colored, with olive replac- 
darter. ing greens of male; fins more transparent, not con- 

taining greens or yellows. 
Sexual dimorphism: Genital papilla twice as large 

Ea 7 in female and rectangular in shape. Spiny and soft 
ee mn dorsal fins larger in male (Lachner et al. 1950). 

eS * VP Pa! yee 4 DISTRIBUTION, STATUS, AND HABITAT 
“2 z, r Te lis The banded darter occurs in the lower two-thirds of 

. ~ — Wisconsin in the Mississippi River and Lake Michi- 

spy gan drainage basins, where it reaches the northern 
limit of its distribution. It is not known from the Lake 

Male 60 mm, Tomorrow R. (Waupaca Co.), 29 Sept. 1971 Superior system, nor is it known from the Lake 
Michigan drainage from Door County southward. Its 

DESCRIPTION distribution is spotty; it appears in stream systems 
Body slender to moderately robust, slightly com- which are widely separated from one another. 
pressed laterally. Average length 51 mm (2 in). TL = The banded darter is uncommon to common lo- 
1.20 SL. Depth into SL 4.0-4.8. Head length into SL cally. In a survey of the larger streams in central Wis- 
3.5-4.0. Preopercle smooth on posterior edge. Gill consin, it appeared in 41% of the collections (Becker 
membranes broadly attached to one another. Pre- 1959). In the upper Rock River, it is uncommon 
maxillaries nonprotractile, the upper lip groove not (G. C. Becker 1972b). Usually it is not found in lakes, 
continuous over tip of snout; snout strongly de- although Priegel (1967a) noted that it was rare in 
curved, blunt; mouth horizontal, lower jaw slightly Lake Winnebago. It was eliminated from the Tomor- 
included within upper jaw; upper jaw reaching be- row and Waupaca rivers (Portage and Waupaca coun- 
low anterior edge of eye; minute, sharp teeth in nar- ties) when the stream was poisoned in 1971 (Becker 
row bands on upper and lower jaws. Gill rakers on 1975). 
lower limb of first arch pointed, stubby or knoblike, The banded darter prefers streams with a moder- 
about 7. Branchial apparatus illustrated and de- ate to high gradient. In Wisconsin, it has been en- 
scribed by Branson and Ulrikson (1967). Branchio- countered most frequently in clear water at depths of 
stegal rays 5. Dorsal fins 2: first or spiny dorsal fin 0.1-1.5 m, over substrates of sand (31% frequency), 
with 11 (10-12) spines, fin base into SL 3.3-4.0; sec- gravel (29%), rubble (10%), mud (10%), boulders 

ond dorsal fin with 12 (11) rays, fin base into SL (7%), silt (6%), hardpan (1%), clay (2%), bedrock 

4.5-6.0. Anal fin with 2 spines and 8 (7-10) rays; pel- (2%), and detritus (1%). It occurred in riffles (in 57% 

vic fin thoracic; pectoral fin large, as long as or longer of the samples collected) and pools (43%), in streams 
than head. Scales ctenoid; cheeks, opercles and nape of the following widths: 1.0-3.0 m (3%), 3.1-6.0 m 
scaled; breast partly to fully scaled. Lateral line com- (14%), 6.1-12.0 m (27%), 12.1-24.0 m (22%), 24.1-50.0 
plete, scales 41-53. Vertebrae 38-39 (Bailey and Gos- m (24%), and more than 50 m (11%). It occurs in 

line 1955). small streams mostly in southern Wisconsin; north- 
Back mottled olive brown with 6-7 saddle marks; ward it was found in medium-sized to large rivers. It 

sides with indistinct dark blotches; belly yellow-white is taken from habitats in which aquatic vegetation is 

to white-green. Dark stripe extending from eye to eye absent to scarce. 
around snout, interrupted medially on snout. Subor- 
bital bar dark. Dorsal fins heavily pigmented to BIOLOGY 
speckled; caudal fin with speckled wavy bands, pec- In Wisconsin, the banded darter spawns from April 
toral fins with concentric bands. to June, and possibly as late as July (Lutterbie 1976). 

Breeding male with 8-13 bright green vertical Forbes and Richardson (1920) found females with 
bands, which may or may not encircle body; sides of distended abdomens from May to June in northern 
head olive, and ventral region of head and breast Illinois.
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In Oklahoma, the banded darter spawns in algal and 141 mature eggs in June. These females were 
clumps growing on large stones in the deeper riffles probably partly spawned at the time of capture. 
(Miller and Robison 1973). In Ohio, spawning areas Young-of-year banded darters in central Wisconsin 
are in the riffles of streams with moderate to high were 27-40 mm TL in August. In Ohio, young-of- 
gradients which are less than 15 m wide and less year were 20-43 mm long in October (Trautman 
than 0.6 m deep, and where there is an abundance of 1957). 
algae and aquatic moss on stones and boulders Banded darters from central Wisconsin showed the 
(Trautman 1957). Females deposit their eggs on these following growth (Lutterbie 1976:130): 
plant growths, and after the spawning season move 
downstream to overwinter in the deeper waters. In TL Calculated TL at Annulus 
three Pennsylvania streams, a typical spawning area Age No. of (mm) (mm) 
was 23 m long and 46-61 m wide, and had a depth Class Fish Avg Range 1 2 3 4 
of 0.6 m (Lachner et al. 1950). | 71 43.07 36-57 37.17 

In Wisconsin, the percentage of gonadal to body ‘i Me pel0; a6) Bae none 33 
weight in banded darters was greatest from April to Vv a aioe oe aoee 50.75 ree 61.25 
July; at that time, ovaries averaged 13.6% (9.4-18.6%) 
of body weight, and testes averaged 0.8% (0.6-1.1%) Avg (weighted) 36.53 50.24 56.11 61.25 
(Lutterbie 1976). The number of mature eggs in an 
age-II female, 54 mm long, was 225 in May; in age-II For 23 banded darters from southern Wisconsin, the 
females, 59 and 57 mm long, 74 and 139 mature eggs calculated lengths at annuli 1 through 3 were 36, 46, 
in July. Age-III females, 49 and 54 mm long, held 49 and 56 mm. Males are slightly longer than females of
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the same age, but females get older than males. In was the lowest rate for the four darters studied—the 
central Wisconsin, the annulus is deposited about 13 rainbow, the barred fantail, the greenside, and the 

June. Lachner et al. (1950) observed that the breeding banded. In Minnesota, Eddy and Underhill (1974) 
period of adult banded darters retards the formation found that the banded darter prefers the lower lips 
of the annulus, and that little or no growth occurs of pools at the point where the water begins to enter 
until after spawning. the rapids. In 43% of the collections in which this 

The banded darter attains 69% of its adult size in species was taken in Wisconsin, I found this species 
the first 2 months of life. No growth occurs from in pools adjacent to riffles. 
September to June in all year classes (J. Erickson, pers. A substrate seldom mentioned in connection with 
comm.). the banded darter is bedrock. This substrate in the 

The length-weight relationship for banded darters lower Wisconsin River (Richland County) produced 
in central Wisconsin was Log W = ~—12.5678 + the largest collections of this darter (22 and 14 indi- 
3.2697 Log L; for fish in southern Wisconsin, it was viduals) made in my southwestern fish survey (Becker 

Log W = ~—12.020 + 3.1162 Log L, where W is 1966). The species collected with the 22 banded dart- 
weight in grams and L is TL in millimeters (Lutterbie ers over bedrock, and over a wide variety of adjacent 
1976). The condition (K,,) of 13 specimens collected substrates, were: shovelnose sturgeon (1), mooneye 
from the Plover River (Portage County) in September (4), quillback (5), highfin carpsucker (2), shorthead 
was 1.07 (R. Duchrow, pers. comm.). redhorse (97), golden redhorse (47), northern hog 

The banded darter reaches maturity at age II. No sucker (65), common carp (12), silver chub (10), 

age-I fish examined by Lutterbie was mature. speckled chub (1), bluntnose minnow (1), emerald 

A male banded darter 66 mm (2.6 in) long (UWSP shiner (15), spotfin shiner (23), river shiner (1), sand 

615) was collected from a branch of the Wolf River shiner (36), sauger (6), walleye (1), crystal darter (3), 
(Menominee County) in July 1966. A 4-year-old, 65- slenderhead darter (36), logperch (31), smallmouth 

mm (2.5-in), 2.8-g male (UWSP 3817) was taken from bass (21), black crappie (1), and freshwater drum (2). 

the Crystal River (Waupaca County) on 25 Septem- From November to January, the banded darter was 
ber 1971. taken from ice-free riffles in the Waupaca River (Por- 

In the Plover River (Portage County), 16 banded tage County) along with longnose dace, largescale 
darters had eaten Diptera larvae, Ephemeroptera stonerollers, hornyhead chubs, mottled sculpins, 
naiads, and some Coleoptera larvae; their digestive and northern hog suckers (Becker 1962). 
tracts also contained unidentifiable insect parts (R. 
Duchrow, pers. comm.). The intestine of the banded IMPORTANCE AND MANAGEMENT 

darter is short, which is indicative of a diet of animal The banded darter is undoubtedly preyed upon by 
food. Two individuals examined by Forbes (1880) had larger fish and by fish-eating birds because of its shal- 
eaten nothing but small Diptera larvae, of which 65% low water habits. 
were Chironomus. The banded darter is a beautiful fish, and, because 

In Missouri, adult banded darters occupied riffles of its brilliant colors, is often confused with the rain- 

over gravel and rubble, and the young were found in bow darter, which is frequently found in the same 
quieter waters around vegetation (Pflieger 1971). waters. The banded darter makes an attractive 
Reed (1968), studying the use of the riffle habitat by aquarium fish. This use is not encouraged, however, 
several species, found that the banded darter had a since even in a well-aerated aquarium it will gener- 
mean recapture rate of 23.6% from riffle areas; this ally die within a few weeks.
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Rainbow Darter ked; belly scaled. Lateral line incomplete with 20-34 
pored scales, lateral series scales 44 (37-49). Verte- 

brae 36 (34-37) (Dombeck 1974). Chromosomes 2n 

Etheostoma caeruleum Storer. Etheostoma—a straining = 48 (Ross 1973). 
mouth; caeruleum—blue. In male: back mottled olive brown with 3-11 dark 

Other common names: rainbow fish, soldier darter, saddle marks; sides with 8-13 vertical blue-green 
blue darter, banded darter. bands, posterior to anus the bands more vivid and 

completely encircling body, while bands anterior to 
anus do not encroach on belly. Areas between bands 

it (JO “a reddish to orange, especially posteriorly; ventral re- 
‘i " Ls = gion of head orange, breast blue-green, belly green- 

Yaa eee a ish. Spiny dorsal fin with 4 horizontal bands: first a 

Per eee) F Ae oe red basal band, second a band of red dots, third a 
se 6 site broad blue band, and fourth a green-blue margin; 

Ee . s anal fin blue-green with reddish center. Suborbital 
Vs bar faint to absent. In female: vertical bars less con- 

spicuous, and much less colorful overall. 

Male 62 mm, Wisconsin R. at mouth of Plover R. (Portage Co.), In breeding male the color very intense; breeding 
8 Oct. 1966 tubercles on belly scales and on midventral scales of 

caudal peduncle. Female color less intense, tubercles 

short (Collette 1965). 

GOO, Sexual dimorphism. Male larger; anal, first dorsal, 

: = mY & = ‘ a! pectoral and pelvic fins larger in male than in fe- 
9 pga SON Me RSS male. In male, urogenital papilla small, conical; in fe- 

j may es a a 2 male, swollen, broad, flat topped (Winn 1958). 
* ses ; i Hybrids: Rainbow darter x orangethroat darter 

(Knapp 1964, Distler 1968, Martin and Richmond 

1973). Artificial hybrids with Etheostoma and Percina 

(Schwartz 1972). 
Female 46 mm, Wisconsin R. at mouth of Plover R. (Portage 

Co.}, 8 Oct. 1966 SYSTEMATIC NOTES 
In a comparison of numbers of vertebrae, dorsal 

DESCRIPTION spines, dorsal rays, anal rays, pectoral rays, pored 

Body moderately robust, compressed laterally. Aver- lateral line scales, lateral series scales, and body bars 
age length 64 mm (2.5 in). TL = 1.21 SL. Depth into of rainbow darter populations from the Wisconsin 
SL 4.0-4.5. Head length into SL 3.3-3.5. Preopercle River (Mississippi) drainage and the Fox River (Lake 
smooth on posterior edge. Gill membranes narrowly Michigan) drainage, Dombeck (1974) found signifi- 
attached below to one another. Premaxillaries non- cant differences in the number of dorsal rays (12.26 
protractile, the upper lip groove not continuous over vs 13.13), pored lateral line scales (27.87 vs 26.21), 
tip of snout. Snout rather pointed; mouth almost lateral series scales (43.58 vs 44.85), and body bars 
horizontal, lower jaw slightly included within upper (9.71 vs 10.65). 
jaw; upper jaw reaching below anterior edge of eye 
to anterior edge of pupil; minute, sharp teeth in nar- DISTRIBUTION, STATUS, AND HABITAT 

row bands on upper and lower jaws. Gill rakers long, In Wisconsin, the rainbow darter occurs in the Mis- 
stout, to knoblike, about 8. Branchiostegal rays 6. sissippi River and Lake Michigan drainage basins, 
Dorsal fins 2: first or spiny dorsal fin with 10 (8-13) where it reaches the northern limit of its range. Its 
spines; fin base into SL 3.4; second dorsal fin with 12 range in central and northwestern Wisconsin coin- 
(10-15) rays, fin base into SL 4.5. Anal fin with 2 cides with the upper edge of the unglaciated portion 
spines and 7 (6-8) rays; pelvic fin thoracic; pectoral of the state. Its other area of concentration is the gla- 
fin length generally slightly shorter than head length. ciated lake region of southeastern Wisconsin, includ- 
Scales ctenoid; cheeks naked, except occasionally a ing the streams of the Rock River system. 
row of scales along back border of eye; opercles In the Lake Michigan drainage basin, Greene (1935) 
scaled; nape partly naked to fully scaled; breast na- captured the rainbow darter from the upper Fox River
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in a cluster of sites near Portage (Columbia County). In Wisconsin, the rainbow darter was found most 
Apparently the rainbow darter had at the time crossed frequently in clear water at depths of 0.1-0.5 m, over 
over the divide from the Wisconsin River. Since 1958 substrates of sand (25% frequency), boulders (25%), 
it has been taken from several streams in Waupaca gravel (20%), silt (13%), rubble (11%), clay (2%), bed- 

County. It seems probable that, if the rainbow darter rock (2%), and mud (2%). It has been collected from 

had occurred in the Tomorrow-Waupaca and Little swift to moderate currents in streams—from riffles 
Wolf river systems during the 1920s in numbers com- 40% of the time, and from pools 60% of the time. It 

arable to those found in the 1960s, Greene would was present in streams from 3 m to more than 100 m P P 
have recorded its presence. wide, but reached its greatest numbers in streams 12- 

The rainbow darter is common locally in central 24 m wide. 
Wisconsin. In a survey of five large central Wiscon- 
sin streams (Becker 1959), the rainbow darter ap- BIOLOGY 

peared in 27% of the collections. In the Plover River, The rainbow darter spawns from April to June in 
it comprised 32% of all individuals collected at one Wisconsin. The following account of the spawning 
site. It is common in southeastern Wisconsin, and behavior of this species is derived largely from Winn 
uncommon in the southwestern quarter of the state. (1958) and Reeves (1907), unless otherwise indicated. 

This species was probably eliminated from the Wau- Spawning does not take place until the water tem- 
paca River downstream to Weyauwega (Waupaca perature is above 15°C (59°F). An abrupt drop in 
County) when the stream was poisoned with anti- water temperature will interrupt spawning, as will 
mycin in 1971 during a carp control program of the increased turbidity, since vision is the most important 
Wisconsin Department of Natural Resources (Becker sense used by rainbow darters in sexual activities. 
1975). The spawning area consists of fine gravel, large
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gravel, rubble, or a mixture of gravel and rubble, in : CE 
swift riffles about 0.3 m deep, with a flow of 23 m/ Ve @ Ne << 

min. NZ FA ji Q\. pes 

The large, brightly colored males defend territories 5 Sea, , 
which are generally restricted to specific areas, often Cc“ lf E~ SX, 
where there is a large rock or a depression in the es SS LL 

gravel. In the establishment of territories, the males yyy TD, y a ison mn YY 
<i , ‘i “ ravel ire gy Wyn participate in sham battles, in which rival males Yet —/ Bo Uy 

swim side by side in synchronized movements, with 

their dorsal fins erect and their heads held high so as The spawning position of the rainbow darter (Winn 1958:177. 

to display their brightly colored breasts and ventral Copyright 1960, the Ecological Society of America) 
fins. This usually results in the larger, more colorful 

males establishing their territories in the center of the ing, places his pelvic fins in front of the female's spiny 
spawning grounds. A hierarchy is formed with such dorsal fin and on her sides. The male uses his pec- 
males in the most opportune spawning areas and the toral fins for stability, and his caudal fin is placed 
smaller males off to the sides. Territories may be from alongside the anal fin of the female. 
12 to 30 cm diam. During the actual spawning, the The simultaneous release of eggs and sperm is ac- 
diameter of the territory is reduced to the area im- complished soon after the pair of rainbows starts to 
mediately surrounding the female. The male rainbow vibrate rapidly. The female then moves forward to be 
darters defend their territories against members of mounted again, either by the same male or by a dif- 
their own species, and appear to ignore other spe- ferent male. Three to seven eggs are released with 
cies. A male chases an intruder if he approaches closer each spawning act. After the female has completed a 
than about 30 cm. There is no territorial defense at few spawnings, she returns to the pool at the bottom 
night; the respiratory rates slow down, and the dart- of the riffle to rest. The males may outnumber fe- 
ers move only enough to maintain their positions. males 4 or 5 to 1 on the spawning grounds. 
Winn (1958) also calls attention to the moving ter- When two rainbow males follow the same female, 

ritory created by a male rainbow when he follows a they display to each other by lifting themselves up 
female for a distance of about 0.5-1.5 m as she moves on their pectoral fins and exposing their brightly col- 
onto the spawning ground to locate a suitable area ored breasts and ventral fins; the dorsal fins are also 
for spawning. It is this area, restricted to a few cen- erected. The defending male may attack the intruder, 
timeters immediately surrounding the female and using his head and his caudal fin to strike the other 
the attending male, which the male defends against fish in the opercular region, but no real injury ap- 
intruders of the same species. pears to come to either of the contestants. Rival 
When a female rainbow darter enters the riffle, she males of about the same size swim side by side in a 

may swim through the spawning ground and circle sham battle similar to territorial battles, with the 
back to the pool from which she came without stop- larger, more colorful male usually victorious. By this 
ping to spawn. As a female enters the spawning area, time the female has probably moved off, leaving the 
a male comes up from behind and follows, swim- victor with nothing. Supernumerary males following 
ming parallel to the female and prodding her side with females are usually chased away by the larger males. 
his snout by vibrating his head at a rate of 4—8 times/ The completion of the spawning act takes precedence 
sec. When she is ready to spawn, the female buries over fighting behavior when an intruder appears, but 
her head in the gravel and raises her caudal region as soon as spawning has been completed the in- 
at an angle from 45° to nearly vertical to the sub- truder is attacked and driven away. At times super- 
strate. Then, with a few vigorous strokes of the cau- numerary males are seen next to a spawning pair, 
dal fin, she pushes herself downward and forward, going through the same motions, and possibly even 
so that the ventral portion of her body and her pec- releasing some sperm. Supernumerary males occa- 
toral fins are buried in the gravel. The pectoral fins sionally slip in and spawn with a ready female when 
are thought to serve as anchors to prevent the fe- the pairing male is preoccupied with other males. 
male from being displaced by the current. The bury- Winn (1958) noted that age-III male rainbow dart- 
ing process and the posture that the female assumes ers did not spawn with yearling females, probably 
appear to stimulate the male to mount her. If the male because of the difference in sizes. He observed that 
tries to mount before the female has finished bury- yearling females and age-II males did spawn to- 
ing herself, she darts away. The male, when mount- gether.
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In Wisconsin, the gonadal weights of rainbow dart- was 3 years old, weighed 4.9 g, and was 74 mm (2.9 
ers peaked in May and June; they constituted 11% of in) long (Lutterbie 1976). 
the body weight for the females, and 0.85% for Rainbow darters up to the 15-mm stage eat large 
males. In July, they reached lows of 3.2% for fe- amounts of copepods, but soon their food habits re- 
males, and 0.4% for males. Lutterbie (1976) counted semble those of mature sport fishes, in that they cap- 
167-450 mature eggs in females of ages J-III; Winn ture and eat food animals that are very large in pro- 
(1958), counted 508-1,462 eggs in females 34-50 mm portion to themselves (Turner 1921). The stomachs of 
TL. The largest egg production occurred in older and rainbow darters 15-20 mm long contained 40% co- 
larger females. Not all of the eggs produced by rain- pepods; those of fish 35-40 mm long contained only 
bow darters are laid during the spawning season. Both 0.25% copepods. In southeastern Wisconsin, the 
Winn and Lutterbie found females after the spawn- food was mostly cladocerans and copepods, while 
ing periods with eggs being resorbed. crustacea (Hyalella and Gammarus) formed about 25% 

Mature rainbow darter eggs are 1.0-1.8 mm diam, of the total bulk (Cahn 1927). In the Plover River 
yellow to orange in color, with a single, large oil (Portage County), 20 rainbow darter stomachs con- 
droplet. They are left buried in the gravel, and re- tained (in decreasing order of occurrence) Diptera 
ceive no further care from either parent. Neither the larvae (Tendipedidae), Trichoptera larvae (Hydrop- 
spawning pair nor supernumerary males have been sychidae), water mites, Ephemeroptera naiads (Bae- 
observed eating the eggs in their natural setting, but tidae), mollusks (Sphaerium, Valvata), and a Plecop- 
they were seen eating the eggs in the laboratory. tera naiad (G. David, pers. comm.). 
Hatching, according to Winn, occurs in 10-11.5 days Other food items consumed by rainbow darters in- 
at 17-18.5°C (63-65°F). Fish (1932) illustrated and clude Coleoptera and Odonata larvae, young cray- 
described the 22.6-mm stage. fish, and the eggs of stoneroller minnows, creek 

In southern Wisconsin, young-of-year rainbow chubs, American brook lampreys, rosyface shiners, 
darters were 20-26 mm in June and 27-37 mm in Au- and white suckers (Lutterbie 1976). Reighard (1920) 

gust; in central Wisconsin, they were 27-36 mm in has described egg predation in a white sucker nest 

July and 24-42 mm in September and October; and by rainbow darters (p. 13): 
in northern Wisconsin they were 25-37 mm in Sep- . 
tember (Lutterbie 1976). sss The black-nosed dace and the rainbow darter ... 

Rainbow darters from central Wisconsin showed palerial once in geeabnumber! avatthe an Waste the 
the following growth (Lutterbie 1976:46): pairing suckers were. They come in a straight line from 

downstream attracted, no doubt, by the trail of milt, eggs 
or bottom materials swept down by the current. They 

Th Calculated TL at Annulus gather in an area six or eight inches across and each bur- 

Age No. of om rows in the bottom with its snout as though seeking eggs. 

Class Fish Avg __ Range 1 2 3 4 The whole little area is soon concealed by their wriggling 

| 59 42.00 34-52 33.75 tails, close-set like threads in the pile of velvet. 
Ml 70 50.70 43-64 32.90 45.70 

MH 48 Soe Se ee A reduction in the rainbow darter’s numbers, or its 
\V 5 61.40 57-63 31.30 46.60 54.60 59.20 ar 

absence from a habitat it normally would have occu- 
Avg (weighted) 33.45 46.77 55.35 59.20 pied, is an indicator of chemical pollution and silta- 

tion. This species appears to have been eliminated 

The calculated lengths at annuli 1 through 4 for rain- from several sites in Wisconsin where it once oc- 

bow darters from northern Wisconsin were 30, 45, curred; its sensitivity to fish toxicants has been men- 

52, and 58 mm respectively. A 68-mm, 3.5-g fish tioned above. Katz and Gaufin (1953) found that the 

(UWSP 1141) from the lower Wisconsin River had darters and black bass were highly sensitive to sew- 

calculated lengths of 33, 48, 56, and 63 mm at an- age pollution. However, the presence of the rainbow 

nuli 1-4. darter in the Rock River basin, where the waters are 

The length-weight relationship for rainbow darters often heavily silted, is evidence that this species is 

in central Wisconsin was Log W = ~—13.1003 + able to tolerate normal agricultural pollution. 

3.4288 Log L, where W is in grams and TL in milli- Apparently there is a differentiation in habitat se- 

meters. lected by rainbow darters, depending on the sex and 

The rainbow darter reaches maturity at age I. age of the individual (Winn 1958). Adult males re- 

A large rainbow darter (UWSP 1145) was collected main in fast, large, rocky riffles during the winter and 

from the Lt. Eau Pleine River (Marathon County); it after the reproductive period; adult females are also
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found in such habitats during the winter. Before and at one time it was used as a bait fish for white bass 
after the reproductive period, however, females and and perch, even though it is not very hardy (Cahn 
young are more commonly found congregated in 1927). 
raceways and pools; the young are also found in The rainbow darter does not adapt well to the 

these waters during the winter months. Cahn (1927) home aquarium, and soon expires. However, it can 

noted that the rainbow darter is very quick in its ac- be kept successfully in a well-equipped laboratory or 
tions, and that it has the habit of seeking refuge un- hatchery-type facility. 
der stones or sticks, although it does not remain un- Scott and Crossman (1973) made the following re- 
der objects for any length of time. marks regarding the value of this species (p. 782): 

In the Plover River (Marathon County), 101 rain- , : . Co 
bow darters were collected avith the northern brook The rainbow darter is an exquisitely beautiful inhabitant 
lamprey (13+), northern hog sucker (20), white of clean, gravelly Ontario streams and is of value for this 

reason alone, although we know of no direct economic im- 
sucker (68), blacknose dace (10), creek chub (13), portance. Perhaps it is of greatest value to man as an indi- 
northern redbelly dace (1), bluntnose minnow (6), cator of pollution for it is extremely sensitive to chemical 
common shiner (18), bigmouth shiner (3), blackside pollution and silting. 
darter (6), johnny darter (31), banded darter (10), and 

fantail darter (11). Marked competition among species of darters oc- 
curs in many riffles, especially in the feeding and 

IMPORTANCE AND MANAGEMENT nursery areas (Trautman 1957). Whenever competi- 
Because it frequently inhabits shallow riffles, the tion from one or more species of darters decreases or 
rainbow darter is undoubtedly vulnerable to fish-eat- is absent, the rainbow darter shows a definite in- 
ing birds as well as to predatory fishes. Apparently crease in number.
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Mud Darter occasionally interconnected. Female less brightly col- 
ored than male. 

Breeding male with lower half of vertical bars on 
Etheostoma asprigene (Forbes). Etheostoma—a straining caudal peduncle blue-green; lower half of spiny dor- 

mouth; asprigene—a kind of perch (from Euro- sal fin blue-gray, with a prominent orange-red outer 
pean genus Aspro). stripe twice as wide as the dusky edge; soft dorsal fin 

with dusky pigmentation and with a broad orange 
stripe through middle of fin; midportion of caudal fin 

— | orange-yellow. Interradial membranes of anal and 
Vii . pelvic fins with numerous dark chromatophores; 

a UT 9s. een ee pectoral fins with a few chromatopores edging soft 
“Se el BRAS ia rays. Breeding colors may be retained until August. 

SYSTEMATIC NOTES 

Male 56 mm, channel between Trempealeau Lakes T18N ROW This species was formerly listed as Etheostoma jessiae 
Sec. 36 (Trempealeau Co.), 7 Oct. 1967 (photo by M. Imhof) by Forbes and Richardson (1920), and Poecilichthys 

jessiae asprigenis by Hubbs and Lagler (1947). The only 
DESCRIPTION Great Lakes record of the latter is now regarded as 
Body moderately robust, compressed laterally. Length having probably been based on specimens of Etheo- 
41-51 mm (1.6-2.0 in.). TL = 1.19 SL. Depth into SL stoma exile. 

4.0-5.0. Head length into SL 3.0-3.5. Preopercle 
smooth on posterior edge. Gill membranes narrowly DISTRIBUTION, STATUS, AND HABITAT 
attached below to one another. Premaxillaries non- In Wisconsin, the mud darter is known to occur only 
protractile, the upper lip groove not continuous over in the Mississippi River drainage basin. It reaches the 
tip of snout. Snout decurved, blunt; mouth slightly northern limit of its distribution in Wisconsin and 
oblique, upper jaw reaching below anterior edge of Minnesota. In Wisconsin, it has been collected in the 
eye to anterior edge of pupil; minute, sharp teeth in Mississippi River proper, in the lower portions of 
narrow bands on upper and lower jaws. Gill rakers larger tributaries, as well as in the lower portions of 
long, stout, about 8. Branchiostegal rays 6. Dorsal small tributaries to these waters. Although Cahn 
fins 2: first or spiny dorsal fin with 10 (10-12) spines, (1927) reported it as a “not uncommon species” in 
fin base into SL 3.8; second dorsal fin with 13 (10-14) Waukesha County lakes, it was apparently confused 
rays, fin base into SL 3.8-4.5. Anal fin with 2 spines there with the Iowa darter, and these records have 
and 8 (8-9) rays; pelvic fin thoracic; pectoral fin not been plotted on the maps. 
length generally slightly shorter than head length. UWSP records: #1131 (1) Wisconsin River at Port 
Scales ctenoid; cheeks and opercles scaled; nape Andrews T8N R2W Sec 2 (Richland County), 1962; 
partly to fully scaled; breast naked, belly scaled. Lat- #1132 (1) Sneed Creek T8N R3E Sec 21 (Iowa 
eral line incomplete, pored scales ending under soft County), 1962; #1133, #1468, and #2774 (1 in each 
dorsal fin, 17-20 unpored scales; lateral series scales collection) Gran Grae Creek at Hwy 60 T7N R5W Sec 
47 (45-50). Vertebrae 37 (36-39) (Bailey and Gosline 32 (Crawford County), 1962, 1966, and 1966; #1134 

1955). (1) Glass Lake on the Mississippi River at Bagley 
Adult male back olive brown with 8-10 dark brown (Grant County), 1962; #1775 (1) channel between 

saddle marks; sides with 9-12 greenish brown 2nd and 3rd Trempealeau lakes T18N ROW Sec 36 
blotches often fused into an irregular lateral stripe al- (Trempealeau County) 1967; and #5672 (4) Missis- 
ternating with orange-yellow bars; belly orange. Often sippi River at Jack Oak Island T3N R5W Sec 34 (Grant 
a narrow, horizontal unpigmented streak (whitish in County) 1976. 
preserved specimens) near lateral line along length The Wisconsin Fish Distribution Study (1974-1978) 
of side. Suborbital bar dusky; dusky bar extending reported: 13 collections (1-16 specimens) Mississippi 
from eye onto snout. Spiny dorsal fin first with the River T3N R5W Sec 34 to T8N R7W Sec 36 (Grant and 
basal half a broad blackish band, second a narrow Crawford counties), 1976; (14) Sandy Creek T5N 

orange band outward, and third a narrow black outer R6W Sec 27 (Grant County), 1978; (12) unknown 
margin; soft dorsal and caudal fins mottled with channel of Black River T17N R8W Sec 17 (La Crosse 

brown wavy bars; remaining fins lightly pigmented. County), 1978; (1) Fleming Creek T18N R7W Sec 3 
Three spots arranged vertically at base of caudal fin, (La Crosse County) 1977; and (6) Sand Creek T19N
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RSW Sec 29 (Jackson County) 1977. M. Johnson (pers. Robison 1973); collected in only six localities in Mis- 
comm.) reported approximately six collections, usu- sissippi (Cook 1959); on peripheral status in Texas (C. 
ally of one or two specimens each, from the Missis- Hubbs 1976); and collected only from the Ouachita 
sippi River between Perrot State Park (Trempealeau River drainage in Louisiana, where it is locally abun- 
County) and Wyalusing State Park (Grant County) dant (Douglas 1974). 
from 1964 to 1966. The mud darter is one of the rarest of Wisconsin 

In Illinois, the mud darter was considered abun- fishes. Seldom is more than a single specimen taken 
dant early in the century (Forbes and Richardson per collection. It is regarded as threatened in Wiscon- 
1920); in recent years it has been sporadic in large- sin (Wis. Dep. Nat. Resour. Endangered Species 
and medium-sized streams throughout the state, ex- Com. 1975, Les 1979), and Lutterbie (1976) has sug- 
cept in northeastern Illinois, where it is absent (P. W. gested giving it endangered status in the state. 
Smith 1965, 1971). P. W. Smith (1968) found that the The mud darter inhabits sloughs, overflow areas, 
mud darter has retreated from the Vermillion and sluggish riffles, and pools of large, low-gradient riv- 
Embarras rivers in Illinois because of a decrease in ers, and the lower ends of tributaries. In Wisconsin 
river size and a reduction in water flow. In Missouri, it was encountered over substrates of mud, sand, clay, 
this species is common at some localities in the Low- gravel, and bedrock, in waters as much as 1.5 m 
lands (Pflieger 1975). Most Indiana records go back deep. At the Gran Grae Creek (Crawford County) 
to the late 1800s; no mud darters have been taken in collection site, the stream is 5-8 m wide and as much 
recent surveys (Gerking 1945 and 1955). The mud as 0.6 m deep; the current is moderate, over a bottom 
darter is rare and endangered in Kentucky (Miller that is 95% sand and 5% gravel. At the Sneed Creek 
1972); threatened in Iowa (Roosa 1977); known only (Iowa County) site, the stream is 5 m wide and as 
from McCurtain County in Oklahoma (Miller and much as 0.5 m deep, with a moderate current over a



Mud Darter 939 

substrate of mud and clay; the banks are heavily The diet of the mud darter consists of larvae of 

shaded by trees. At the Port Andrews (Richland mayflies and Chironomus (Forbes and Richardson 
County) collection site on the Wisconsin River, a 1920). 
moderate current of water flows 8-20 cm deep over On the Wisconsin River at Port Andrews (Richland 
a rock shelf. County), a single mud darter was taken along with 

the creek chub (1), emerald shiner (4), spotfin shiner 
BIOLOGY (43), spottail shiner (1), channel catfish (2), stonecat 

In Wisconsin, the mud darter apparently is a spring (9), river darter (11), slenderhead darter (9), logperch 
spawner, since testes from two males in July consti- (5), johnny darter (21), banded darter (22), rainbow 

tuted only 0.7% of the body weight (Lutterbie 1976). darter (2), fantail darter (41), smallmouth bass (4), 
At Havana, Illinois, spawning occurs in April and largemouth bass (1), and bluegill (4). 

May; females in the middle of March carried large 
eggs, but others had not yet spawned on 12 May IMPORTANCE AND MANAGEMENT 
(Forbes and Richardson 1920). Nothing is known about the mud darter’s natural 

In Wisconsin, young-of-year mud darters were 36- predators and its use as a bait species. 
39 mm TL from August to September. Age-I fish Considering its rarity, the mud darter must play 
averaged 47 (39-53) mm TL, and had a calculated to- only a minor role in the ecological web. As is evident 
tal length at annulus of 41 mm (Lutterbie 1976). One from the little information available on the mud 
age-II fish, 56 mm TL and 1.5 g, had calculated lengths darter, the opportunity exists for researchers to de- 
of 43 and 52 mm at the first and second annuli. termine those phases of its life history which must be 

The length-weight relationship, based on 11 fish, known in order to protect the species and ensure its 
was Log W = —9.7607 + 2.5199 Log L, where continued existence. This information must be gained 
weight is in grams and total length in millimeters. soon or the mud darter, over most of its range, will 

A large mud darter (UWSP 5671), a 3-year-old male, become a mere statistic. 

65 mm (2.5 in) TL and 2.97 g, was taken from the Males in breeding habit are indescribably beauti- 
Rock River at Milan, Illinois, from swift water (ap- ful, and compete with such fish as the rainbow darter 

proximately 0.6 m/sec) at a depth of 1 m, over a sand and the longear sunfish for possessing the most 
and mud bottom (M. Miller, pers. comm.). striking color combinations.
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Iowa Darter margin a narrow dusky stripe. Soft dorsal fin with 

brown speckles arranged in rows; caudal fin with 
speckles forming wavy vertical lines. Anal, pelvic 

Etheostoma exile (Girard). Etheostoma—a_ straining and pectoral fins transparent to dark pigmented, es- 

mouth; exilis—slim. pecially along rays. Adult female with patterns much 
Other common names: red-sided darter, yellowbelly, like those of the male but without the bright colors; 

weed darter. lateral bars sometimes indistinct, more mottled with 

green-olive to yellow-brown. 
Breeding male extremely colorful, but lacking 

— breeding tubercles; sides with 9-12 dark blue bars, 
D Placa: ee with the interspaces brick red; lower sides with an 

ed q z ar ae + a . 
Be TNA = EIS Neca Sal orange-yellow to red wash, becoming yellow to 

Sa no creamy white ventrally. Basal half of spiny dorsal fin 
with blue spots, then a broad orange to red outer 

Male 63 mm, Squaw Cr. (Price Co.), 19 Sept. 1976 band with transparent strips above and below, lastly 

a narrow blue margin on fin. Nonbreeding male col- 
ored the same, but less brilliantly, with reds subdued 
and blues replaced by dusky to olive brown. 

ee . Sexual dimorphism: Female larger. Anal and first 
a 4 et 6 eee a dorsal fins larger in male (Winn 1958). Sides of male 

4 = with short, vertical bars; female more mottled, with 
: bars indistinct. 

Female 60 mm, Squaw Cr. (Price Co.), 19 Sept. 1976 Hybrids: Iowa darter x blackside darter (Wis. Fish 
Distrib. Study 1974-1979). 

DESCRIPTION 
Body elongate, slightly compressed laterally. Average DISTRIBUTION, STATUS, AND HABITAT 
length 51 mm (2 in). TL = 1.20 SL. Depth into SL The Iowa darter occurs in the Mississippi River, Lake 
4.8-5.5. Head length into SL 3.5-3.8. Preopercle Michigan, and Lake Superior drainage basins in Wis- 
smooth on posterior edge. Gill membranes moder- consin, where it is generally distributed, especially in 
ately attached below to one another. Premaxillaries the glaciated areas. 
nonprotractile, the upper lip groove not continuous In the northern half of Ohio, this species has be- 
over tip of snout. Snout rounded; mouth slightly come greatly reduced in numbers, or has completely 
oblique, upper jaw almost reaching below anterior disappeared because of the destruction of its habitat 
edge of pupil; minute, sharp teeth in narrow bands (Trautman 1957). In Illinois its populations have been 
on upper and lower jaws. Gill rakers short, stout to decimated because drainage of natural lakes, sloughs, 
knoblike, about 7. Branchiostegal rays 5-6. Dorsal and marshes has destroyed many of its habitats 
fins 2: first or spiny dorsal fin with 9 (8-12) spines, (P. W. Smith 1968). 

fin base into SL 4.0-4.6; second dorsal fin with 11 In Wisconsin, the Iowa darter is uncommon to 
(10-12) rays, fin base into SL 6.0-7.0. Anal fin with 2 common locally. At a headwaters station of the Little 
spines and 8 (7-9) rays; pelvic fin thoracic. Scales Wolf River (Marathon County), 48 individuals consti- 
ctenoid; cheeks, opercles and nape scaled; breast tuted 26% of the total catch (Becker 1959). On the 

partly scaled; belly scaled. Lateral line incomplete, Little Eau Claire River (Marathon County), it ranked 
pored scales ending near anterior edge of second ninth in abundance in the total catch from five sta- 
dorsal fin, 27-42 unpored scales; lateral series scales tions. In Waukesha County, it was reported as com- 
55-65. Vertebrae 37-38 (34-40) (Bailey and Gosline mon in Oconomowoc, Pine, and La Belle lakes (Cahn 

1955). 1927). Its appearance in large lakes, such as Poygan 
Adult male back and sides dark brown to olive and Winnebago, is rare (Becker 1964b, Priegel 1967a). 

brown, becoming yellowish on belly. About 8 darker In the lower parts of the tributaries to Lake Superior, 
saddle marks on back; sides with 9-12 distinct verti- it is considered rare (McLain et al. 1965). 

cal bars, and interspaces with small reddish blotches. In Wisconsin, the Iowa darter is encountered most 
Suborbital bar distinct, black. Spiny dorsal fin of 3 frequently in clear to slightly turbid, light brown water 
bands: the basal half of fin slate-colored, next a broad in small lakes, bog ponds, and the slow-moving 
light-colored band (reddish in life), and on outer brooks draining such waters, and in medium-sized
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rivers. It less commonly inhabits oxbow lakes and to late April in the Ann Arbor, Michigan, region. 

overflow or impounded pools of large rivers. It oc- Males migrate slightly before females. Once the mi- 

curred mostly at depths of less than 1.5 m, over sub- gration has started it can be stopped and even re- 

strates of sand (30% frequency), gravel (23%), mud versed with the onset of cold weather. In Sugarloaf 

(13%), silt (12%), detritus (6%), boulders (6%), rub- Lake, Michigan, migration stopped when the water 

ble (5%), clay (3%), and bedrock (2%), and occasion- temperature dropped from about 13°C (55°F) to about 

ally over marl. It was found in streams of the follow- 7°C (45°F), or when there was a drop of 10°C (18°F) 

ing widths: 0.1-3.0 m (35%), 3.1-6.0 m (20%), 6.1- accompanied by rain and running water. In Colo- 

12.0 m (15%), 12.1-24.0 m (20%), and 24.1-50.0 m rado, Jaffa (1917) found male Iowa darters with milt 

(10%). It is commonly associated with submergent running and females with mature eggs, from 22 April 

vegetation, particularly filamentous algae covering to 1 June in pools 0.9-1.2 m deep at temperatures of 

stones and plants; during seining, it frequently has 12-15°C (54-59°F). 

to be disentangled from dense mats of algae. Male Iowa darters establish stationary breeding 

territories in water 10-15 cm deep, along the shores 

BIOLOGY of lakes, or where there is a current of 0.3—0.6 m/sec, 

In Wisconsin, the Iowa darter spawns from late April along the banks of streams (Winn 1958, Copes 1970). 

to mid-June (Lutterbie 1976). Unless otherwise des- These territories are located on submerged fibrous 

ignated, the spawning details which follow have been root banks with some vegetation. Winn also noted 

provided by Winn (1958). that some Iowa darters spawn successfully on gravel 

In the spring, the Iowa darter migrates from the and sand, in the absence of fibrous roots. In aquari- 

deeper portions of lakes and streams to shallow areas ums, when given a choice, roots and filamentous al- 

for spawning. Migration takes place from mid-March gae are the preferred spawning sites; only occasion-
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ally are Vallisneria (with the leaves in a horizontal In most species that maintain well-developed ter- 
position) and gravel selected. ritories, the male is larger than the female. However, 

The larger and more brightly colored males main- in the Iowa darter, as well as in the least darter, the 
tain the prime spawning sites. The spawning terri- female is the larger fish; in such species, sex recog- 
tory has the shape of a semicircle, 30-60 cm diam, nition and stationary territories are easily confused 
with the base against the bank or shore. The feeding and disrupted. Consequently, under crowded condi- 
range is thought to coincide with the breeding terri- tions male Iowa darters at times mount other males. 
tory, with an escape range extending into the deeper In Wisconsin Iowa darters, the ovaries averaged 
water. The male is thought to mark his territory with 8.7% (4.5-12.6%) of body weight in April, and 10.1% 
visual cues on the shoreline or stream bank. Males (5.7-15.8%) in June (Lutterbie 1976). In July, the ova- 
exhibit pugnacious behavior only toward members of ries were 1.1% of the body weight. This ratio de- 
their own species, although Winn reported instances creased slightly in August, and increased again in 
when Iowa darters chased least darters. When an in- September and October. Testicular development fol- 
truder enters the territory, the defending male makes lowed a similar pattern. At peak development, the 
headlong dashes or sideways movements at the in- ovaries held immature, yellow eggs 0.5 mm diam, 
truder with his fins erected. If the male is in the and mature, orange eggs 1.0 mm diam. The number 
spawning position, he waits until the act has been of eggs per ovary appeared to be a function of the 
completed before chasing the intruder away. Territo- age and size of the fish. Age-I females, 42-46 mm TL, 
ries are thought to be maintained by males during contained 429 (348-510) eggs; age-II fish, 51-58 mm 
the summer and winter. long, 665 (312-970) eggs; and age-III fish, 64-66 mm 

The territorial society regulates the population size long, 934 (905-962) eggs (Lutterbie 1976). 
of Iowa darters in that the males can fertilize and care In the laboratory, the incubation period of Iowa 
for only a limited number of eggs. The territory also darter eggs was 18-26 days at 13-16°C (55-61°F) 
serves as an area for undisturbed mating, and en- (Jaffa 1917). The newly hatched darters are 3.4 mm 
ables the sexes to find each other. Under crowded long. The estimated growth is 0.30 mm per day dur- 
conditions, territories are not maintained and spawn- ing a 30-day period early in the first summer's exis- 
ing is usually not successful. When Iowa darters tence (Hubbs 1921). Fish (1932) described and illus- 
were prevented by a dam from migrating up an inlet, trated the 19.5-mm stage. 
hundreds gathered below the dam and attempted to In central Wisconsin, young-of-year Iowa darters 
spawn, but with little success. were 21-34 mm long in July, 21-52 mm in August, 

The female Iowa darter migrates up from the and 37-48 mm in September (Lutterbie 1976). In 
deeper water and enters the male’s territory when Wyoming, young-of-year ranged from 10 to 15 mm 
she is ready to spawn. The male follows the female, TL from July to 1 August. In September, the scales of 
positioning himself between her and any intruders Wyoming young had 4-12 circuli; the young were 
that are present. The male is stimulated to mount completely scaled at 25 mm TL (Copes 1975). 
when the female comes to an abrupt stop, usually on Iowa darters from northern Wisconsin showed the 
fibrous roots, and maintains a horizontal to an acute following growth (Lutterbie 1976:66): 
position up to 45°, with the head at a higher level 
than the tail. The male mounts the female anterior to 

A a é si TL Calculated TL at Annulus 
the spiny dorsal fin; his caudal region is then curved oon tren) 
down, and presses against the caudal region of the fe, Gee ‘Avg Range 1 2 3 4 
female. The mounted position of the sexes is similar |. 8. Be ss oar 
to that of the rainbow darter (see p. 934). The tactile " 64 54.80 48-61 36.92 48.20 
stimulus of the male on the female triggers the Ml a 63.44 58-68 36.46 50.34 59.12 
spawning act, at which time both vibrate vigorously. WN 2 G20 GBrSE 88:00) 1:49.00: (66:00) 66.50 
From three to seven eggs are deposited and sperm is Avg (weighted) 36.45 49.04 58.95 66.50 

released. The eggs adhere to roots and other vegeta- SO 
tion upon which they are deposited. The female then 

moves into several other territories and spawns with The calculated growths of 136 Iowa darters from cen- 
other males before returning to deeper water to rest. tral Wisconsin were 37, 51, and 63 mm at annuli 1 
After the eggs have been deposited, they receive only through 3. No age-IV fish were encountered in cen- 
indirect care by the male, who continues to guard the tral Wisconsin collections. 
territory. In Wisconsin, the annulus of the Iowa darter forms
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in June: on 6 June on fish in Little Sturgeon Bay (Door bid, muddy waters of low visibility; such waters de- 

County); on 8 June, in the Waupaca River (Waupaca stroy its food supply. 

County); and on 28 June, in the North Branch of the The daily habits of the Iowa darter have been de- 

Little Wolf River (Marathon County). scribed by Emery (1973), who noted that most of his 
In central Wisconsin, the length-weight relation- observations were made where there was a sandy 

ship for Iowa darters was Log W = ~—12.1951 + bottom in shallow water (0.5-1.5 m), in areas of rug- 
3.0922 Log L; in northern Wisconsin, it was Log W ged, bouldery terrain, or near fallen and broken trees. 
= —12.5693 + 3.1799 Log L, where W is weight in The daytime coloration of the Iowa darter consisted 
grams and L is total length in millimeters (Lutterbie of highly contrasting shades of dark brown and light 
1976). brown, interspersed with bright flashes of red. At 

An age-III Iowa darter 68 mm (2.7 in) long and night, there was much less contrast in coloration than 
weighing 2.3 g (UWSP 530) was collected from Mud in the daytime, and the reds were barely discernible. 
Creek (Langlade County) in 1966. At night, this species was extremely difficult to find. 

In Wyoming, Copes (1970) noted that young-of-year It was located in hidden rock crevices, far back in 
Iowa darters consumed aquatic insects, copepods, holes, in and under submerged trees, and occasion- 
amphipods, and rotifers. The food spectrum of adults ally resting in the obscurity of rocky overhangs. In 
(Copes 1975) was 33.5% (volume) Diptera adults and the daytime, the Iowa darter was very active, and did 
larvae, 18.1% Ephemeroptera, 15.2% crustaceans, not usually allow anyone to approach closer than 0.3- 
14.7% animal remains, and lesser amounts of Tri- 0.5 m. At night, however, the fish allowed divers to 

choptera, Odonata, mollusks, fish and fish eggs, and approach with hand lights to within approximately 
annelids. The eggs were probably those of the creek 10-15 cm; on a closer approach, the fish darted away, 
chub (Semotilus atromaculatus), since the Iowa darters blundering into objects. 
were observed poking into creek chub nests. In the spring during breeding, the Iowa darter is 

In the Madison area (Dane County), the Iowa found along stream banks, near shores in lakes, or in 
darter had consumed 58% (volume) amphipods, 21% pools where vegetation or fibrous roots are plentiful. 
Chironomus larvae, 16% beetle larvae, 3% gastropods, During the nonbreeding season it remains in the 
1.6% oligochaetes, and 0.4% fine debris (Pearse deeper waters of lakes and in pools of streams. Dart- 
1918). In the stomachs of Iowa darters from Wauke- ers tentatively identified as Iowa darters were ob- 
sha County lakes, Cahn (1927) reported finding served in rocky areas 5-6 m deep in Long Lake, Min- 
mostly copepods, with some insect larvae and many nesota (Moyle 1969). The young are found in vegetated 
small mayfly and stonefly nymphs. pools and lateral depressions (Copes 1970). In the 

In a Minnesota study, Moyle (1969) determined winter, the Iowa darter is found under banks, near 
that only 39% of the estimated volume of food in the shelters in runs and small pools, or in thick organic 
digestive tracts of Iowa darters consisted of bottom debris and in plant zones 1.2 m deep (Copes 1970, 
organisms. The remainder were classified as midwa- Winn 1958). 
ter organisms. Most of these were either Hyallella az- When the Iowa darter is alarmed, it darts forward 
teca (40%) or Palpomyia larvae (6%), which, during the for 0.2-0.6 m, then comes to rest again on the bot- 

day, were found on the bottom under rocks or among tom, or burrows into debris (Copes 1970). Copes ob- 
the aquatic plants, but which at night joined the served 100 young-of-year fish in 1 m? which, when 
plankton. There was no marked difference in the alarmed, scattered to cover 3-4 m?. 
feeding of day- and night-captured fish. Apparently In Moen Lake (Marathon County), 16 Iowa darters 
the Iowa darter fed both by capturing swimming or- were associated with the creek chub (19), northern 
ganisms and by nipping them off the bottom. redbelly dace (40+), golden shiner (14+), bluntnose 

The Iowa darter is able to survive low levels of ox- minnow (18+), common shiner (1), blackchin shiner 
ygen. In a Michigan winterkill lake with less than 0.2 (30+), black bullhead (4+), central mudminnow (2), 

ppm dissolved oxygen, there was a complete kill of yellow perch (1), and pumpkinseed (8 +). 
largemouth bass and bluegills, but some Iowa darters 
survived, along with bullheads, madtoms, bowfins, IMPORTANCE AND MANAGEMENT 
golden shiners, and other minnows. The Iowa darter The Iowa darter undoubtedly falls prey to predatory 
did not survive oxygen levels of 0.1-0.15 ppm caused fishes and birds because of its shallow water habits 
by an overabundance of vegetation (Roach and Wick- and its showiness. Scott and Crossman (1973) cited a 
liff 1934). According to Scott and Crossman (1973), report which noted the absence of the Iowa darter in 
the Iowa darter, like most darters, is intolerant of tur- those areas where the northern pike is caught.
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The Iowa darter is a host species to the glochidial be valuable as experimental fishes since they adapt 
stage of the mollusk Anodonta grandis, thus ensuring readily to aquarium living, but crowding must be 
the success of that clam species (Hart and Fuller 1974). avoided. Lutterbie (pers. comm.) has brought adult 

Breeding Iowa darter males are among the most Iowa darters into a large laboratory aquarium during 
beautiful of our fishes, but unfortunately the bright early spring and has observed and filmed their 

colors tend to fade in captivity. Iowa darters also may spawning behavior.
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Fantail Darter 53. Vertebrae 34-35 (Bailey and Gosline 1955). Chro- 
mosomes 2n = 48 (Ross 1973). 

Back brown to olive brown; sides lighter; belly yel- 
Etheostoma flabellare Rafinesque. Etheostoma—a strain- low to whitish; 9-13 irregular vertical bars on sides, 

ing mouth; flabellare—fanlike, from the form of meshing on back into saddles of equal widths (these 
the tail. markings ill-defined in male). Lengthwise rows of 

Other common names: fan-tailed darter, striped fan- dotted lines on sides and back. First dorsal fin with 
tail darter, barred fantail darter. dark pigment along base. Second dorsal fin heav- 

ily speckled in female; in male, strongly dark-pig- 
mented, especially lower half to base; caudal fin with 
4-7 bars curving with contour of fin; remaining fins 

a a is -< lightly aigmenicd to transparent. 5 
. ee * x BASS) Breeding male, lacking breeding tubercles, with 

. eo Sheets ee Seeeeey head becoming intensely black during spawning act. 
pestis Me y eee Si Spiny dorsal wi i z og iu bali At) piny dorsal with short spines topped by fleshy or 

ima: al x ange knobs; caudal fin with heavy dusky bands. Fe- 
male lighter in color, lacking fleshy knobs on tips of 
dorsal spines; caudal fin with narrow brownish bands. 

Male 53 mm, Mud Branch Cr. (Lafayette Co.), 29 June 1960 Sexual dimorphism: Male larger; anal, first, and 

second dorsal fins larger in male than in female. Male 
urogenital papilla extended; flattened and multi- 

F dd V ibe a me creased in female. 

Ey ee oe ES gy SYSTEMATIC NOTES 
ge (GPa Sh Two subspecies are recognized, the barred fantail 

ae 4 —=— 5 “ Etheostoma flabellare flabellare Rafinesque, and the 

i striped fantail E. f. lineolatum (Agassiz) (Hubbs and 

Lagler 1964). The first occurs in the eastern sector of 

the fantail darter’s range west to lower Michigan and 
Female 52 mm, Mud Branch Cr. (Lafayette Co.), 29 June 1960 Indiana, and the latter southward from Minnesota, 

Wisconsin, and Upper Michigan. The Wisconsin form 
DESCRIPTION is distinquished by the lengthwise rows of spots or 
Body elongate to moderately robust, compressed lat- dashes in both sexes, which are absent in the eastern 

erally, with deep caudal peduncle. Length 41-64 mm form, except in breeding males. 
(1.6-2.5 in). TL = 1.20 SL. Depth into SL 4.5-5.0. 

Head length into SL 3.3-3.5. Preopercle smooth on DISTRIBUTION, STATUS, AND HABITAT 
posterior edge. Gill membranes broadly attached be- In Wisconsin, the fantail darter occurs in the Missis- 
low to one another. Premaxillaries nonprotractile, the sippi River and Lake Michigan drainage basins, where 
upper lip groove not continuous over tip of snout. it is at the northern limit of its range. It is not known 
Snout straight, not rounded; mouth slightly oblique, from the Lake Superior drainage. 
upper jaw reaching below anterior edge of pupil; In a Plover River (central Wisconsin) survey (Becker 
small, sharp teeth (outermost teeth longest) in nar- 1959), the fantail darter constituted 15% of the dart- 

row bands on upper and lower jaws. Gill rakers short, ers taken, and 3.2% of all of the fish collected from 
pointed, often bent downward, about 7. Branchial 14 stations. Lake collections in Wisconsin are noted 
apparatus illustrated and described by Branson and only from Lake Winnebago (Priegel 1967a), where the 
Ulrikson (1967). Branchiostegal rays 6. Dorsal fins 2: fantail darter is rare, and from the eastern shore of 
first or spiny dorsal fin with 8 (7) spines, fin base into Green Bay (Door County). This species was probably 
SL 4.0-4.5; second dorsal fin with 13 (14) rays, fin eliminated from the Waupaca River (Waupaca County) 
base into SL 3.5-3.8. Anal fin with 2 spines and 7 (8) downstream to Weyanwega by the Wisconsin De- 
rays; pelvic fin thoracic. Scales ctenoid; cheeks, op- partment of Natural Resources through poisoning 
ercles and nape naked; breast naked, belly scaled. with antimycin in a 1971 carp control project (Becker 
Lateral line incomplete, with 27-35 pored scales end- 1975). 

ing under second dorsal fin; lateral series scales 41— The fantail darter is abundant over hard surfaces
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in smaller streams, especially in southern Wisconsin, At water temperatures of 7-14°C (45-57°F), the male 
and it is occasionally found in medium-sized to large fantail darters migrate from the deeper, faster riffles 
rivers. The fantail darter was encountered most fre- up to shallow, more slowly flowing riffles, where sta- 
quently at warm water temperatures in clear to slightly tionary territories are established. Trautman (1957) 
turbid water, at depths of 1.5 m or less, over sub- found that, when silt deposits become so deep as to 
strates of gravel (25% frequency), rubble (22%), sand cover the spawning sites, the fantail darter spawns 
(15%), silt (12%), boulders (11%), bedrock (6%), mud under rocks in the faster riffles. If a suitable habitat 
(4%), clay (3%), detritus (1%), and hardpan (1%). It is not available, the males range over the entire 
occurred in moderate- to fast-flowing streams of the spawning area, but do not establish territories. When 
following widths: 1.0-3.0 m (38%), 3.1-6.0 m (32%), territories are established, a hierarchy exists in the 
6.1-12.0 m (14%), 12.1-24.0 m (11%), 24.1-50.0 m choice of territories, with the larger males, taking the 
(2%), and more than 50 m (3%). According to Scott preferred sites. 
and Crossman (1973), it seems to be less sensitive to Territories are defended to establish the nest and 
moderate turbidity and silting than the rainbow darter. to protect the eggs after spawning. When a fantail 

darter enters the territory of another, the two fish face 
each other. If the intruder moves, the defender at- 

BIOLOGY tacks with fins erect, driving the intruder away. If 
In Wisconsin, the fantail darter spawns from April to contact is made, it is in the form of butts with the 
June (Lutterbie 1967). Spawning details have been head and sometimes bites on the fins. The fantail 
provided by Lake (1936), Seifert (1963), and Winn darter also attacks other species of its own size. When 
(1958), from whom most of the following account is a dead male was introduced into one territory, the 
derived, unless otherwise indicated. defender attacked it until the dead fish was moved
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38 cm away from the nest. However, dead females the deeper pools. At night there is no territorial de- 
were accepted in both the upright and inverted po- fense. 
sitions. The male grows intensely dark when chas- About a week after the males migrate to the 
ing an intruder. spawning area, the female fantail darters follow. The 

The majority of fantail darter nests are found about young and the females are found mainly in raceways 
halfway from the shore to the middle of the creek, and smaller pools. Defending males probably distin- 
where the bottom is hard. The nest cavities, located guish the males from the females on the basis of color 
under rocks, are 13-25 mm deep. The depth of the and the complex behavior of the females. 
cavity permits the resting female, while in the in- Females entering the breeding area poke their heads 
verted position, to support herself with her dorsal fins under rocks and skip from rock to rock. During this 
on the bottom of the cavity while her belly and paired time, the males dart out from under their rocks; 
fins maintain contact with the bottom of the rock. The whether this is to attract females or to forage for food 
male’s dorsal fin must also remain in contact with the is not known. When a female fantail enters a male’s 
undersurface of the rock when he is in the upright territory, the male may come out to meet her and lead 
position during spawing. In preparing the nest, the the way back under the rock, or he may dash under 
male cleans off the debris and sediment on all sides the rock well in advance of the female and perform 
of the rock by using the fleshy bulbs on his spiny rapid movements where the eggs are to be laid. If 
dorsal fin, and the thickened flesh on top of his head. two females enter the same nest to spawn, one is 
In most cases the nests are 1.2 m apart; some are only chased out by the male. 
0.3-0.5 m apart. One rock was found to have two Breeding female fantail darters spawn with the most 
nests under it. Nests with few entrances are consid- active males. The female may enter the nest in ad- 
ered prime sites. vance of the male, and the female or the pair may 

The male fantail darter guards a territory of 0.3 m leave the nest several times before spawning. If the 
diam, with the nest at the center. Once he has estab- female is disturbed in the nest, she will leave and 
lished a territory, the male seldom leaves it, which never return to that nest. The male, however, is quite 
indicates that a feeding territory is included within bold and will usually not move unless he is touched. 
the breeding territory. A darter like the fantail, which Courting to spawning takes about 1 minute. When 
has a complex breeding behavior, leaves the territory the female fantail darter is in the nest and ready to 
only under great duress; at such times it escapes to spawn, she rotates 180° to assume an inverted posi- 
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Side and top views of the fantail darters’ positions under rocks. The ventral view of the fish is obtained 

by looking down through the top of a hypothetically transparent rock, with the fish upside down on the 

underside of the rock (Winn 1958:178. Copyright 1960, the Ecological Society of America).
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tion, and the male assumes an upright, horizontal ature: 14-16 days at 23.5°C (74.3°F) and 30-35 days 

position in a head-to-tail relationship with the fe- at 17-20°C (63-68°F) (Winn 1958). The male guards 
male. Together they move in circles and figure eights, the nest and moves around under the eggs, brush- 
as the the male butts and prods the caudal peduncle ing them with the bulbous tips of his dorsal spines 
of the female to stimulate egg laying. As she gets and his soft dorsal fin. He also aerates the eggs by 
ready to deposit an egg, she pushes against the rock fanning them with his pectoral fins. Lake noted that 
and starts to vibrate. At this time, the male turns on the eggs quickly become infected if left untended, and 
his side so that his vent is alongside the female's vent. Cross (1967) suggested that mucus from the male may 
With tremendous vibration, egg and sperm are re- have bactericidal and fungicidal effects, since males 
leased simultaneously, and the egg is attached to the seem especially slimy during spawning. The greatest 
ceiling of the nest. enemies to the eggs and the defending males are small 

After the release of the sperm, the male immedi- crayfish and sculpins (Lake 1936, Koster 1937). 
ately rights himself again, but the female may re- At hatching the fantail darter larvae are 6-7 mm 
main in the inverted position for as long as 2 hours. long. According to Lake, the yolk-sac is absorbed 
After a few minutes the spawning act is repeated; it within 7-10 days with little increase in larval length. 
will continue every 1-3 minutes until an average of The young are very active after hatching, and rest for 
35 eggs has been deposited by the same female. Only only short periods of time. With this activity and the 
1 egg is laid at a time, and the average number for a water current, they are soon dispersed throughout 
large female fantail darter is 45 eggs laid with 1 male. the stones and weeds. Descriptions of the develop- 
After laying the eggs, the female is chased from the mental stages have been provided by Fish (1932) and 
nest or darts out on her own. She returns to the pool Lake (1936). 
to rest before spawning with another male. This spe- In southern Wisconsin, young-of-year fantail dart- 
cies is polygamous; both males and females spawn ers collected in September are 24-36 mm TL; in 
with a number of partners. Females are known to northern Wisconsin, they are 23-29 mm (Lutterbie 

spawn with as many as five different males in one 1976). 
season. The fantail darter from southern Wisconsin showed 

In Wisconsin, the gonads of fantail darters of both the following growth (Lutterbie 1976:85): 

sexes reach their greatest development in May, and 
drop to their lowest weights in July (Lutterbie 1976). TL Calculated TL at Annulus 
In May, the ovaries constituted 16% of the body Age No. of {mm) (mm) 
weight, and the testes 0.7%. In May, three age-II fe- Class Fish Avg _ Range 1 2 3 a 5 
males (49-52 mm TL) averaged 73 (39-91) mature | 9 45.11 43-49 27.33 

eggs; in June, two age-II females (42 and 45 mm TL) ii . oe a oc oan am 

averaged 46 (39 and 53) mature eggs; and four age- \V 7 62.71 59-66 32.00 46.71 55.43 61.85 
III females (48-50 mm TL) averaged 58 (40-80) ma- Vv 4 71.75 69-74 31.50 46.25 59.50 66.25 72.50 

ture eee Avg (weighted) 32.21 46.04 54.78 63.45 72.50 
In northern New York, Lake (1936) reported that ———— Orr eee 

23 female fantail darters contained an average of 226 
eggs. Five different egg size groups were noticed, in- For 27 fantail darters from northern Wisconsin, the 
dicating that they had developed in stages during the calculated lengths at annuli 1 through 3 were 23, 39, 
spawning period. Lake suggested that each size group and 46 mm; for 108 darters from central Wisconsin, 

made up one clutch of eggs for each of the five sepa- the lengths at annuli 1 through 4 were 28, 43, 56, and 
rate spawnings engaged in during the breeding sea- 60 mm. 
son. Females examined after the spawning season The length-weight relationship for southern Wis- 
contained no eggs, indicating that all eggs, even the consin fantail darters was Log W = ~—11.3556 + 
smaller ones, had matured. Winn (1958), however, 2.9747 Log L, where W is weight in grams and L is 
noted that females remained ripe for 3 weeks, and total length in millimeters (Lutterbie 1976). 
found 10 females who contained from 5 to 100 eggs Lake (1936) noted that age-I female fantail darters 
after the spawning season was over. Lake (1936) found examined in November exhibited considerable egg 
an average of 169 eggs in 81 nests, with up to 562 development, suggesting that such females reach 
eggs in some nests. breeding readiness at age II. 

The eggs of the fantail darter are 2.2-2.3 mm diam. A large Wisconsin fantail darter (UWSP 1110) was 

Incubation time is directly related to water temper- collected from Knapp Creek (Richland County) on 28
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June 1962. It was 77 mm (3.0 in) TL, weighed 4.8 g, In Kentucky, when the shallow gravel riffles dried 
and was 5 years old. The fantail darter attained greater up in later summer, fantail and rainbow darters 
size in Wisconsin than in Iowa (Karr 1964), but it was moved to the deeper, quieter pools (Lotrich 1973). 

smaller in Wisconsin than in Kentucky (Lotrich 1973). Cross (1967) suggested that the fantail darter in Kan- 
The fantail darter’s major food items belong to the sas probably cannot tolerate an intermittent water 

orders Diptera, Ephemeroptera, Trichoptera, and flow, and that it must move or perish when flow 
Plecoptera (Lotrich 1973, Turner 1921, Karr 1964, ceases. 
Daiber 1956). Other foods consumed by this species The base color of individual fantail darters changes 
are amphipods, Coleoptera larvae, Corixidae, ostra- according to the shade of the substrate where they 
cods, hyrachnids, and crayfish. The food of five fan- occur. Light-colored individuals were found on sand, 
tail darters from the Madison (Dane County) area while the darker individuals were found on a darker 
consisted of 42.7% (volume) Diptera larvae, 4.8% Tri- substrate. Fantail darters also changed color with the 

choptera larvae, 48% amphipods, 0.2% cladocerans, time of day; in the laboratory they were all darker at 
3% oligochaetes, and 1% plant items (Pearse 1918). night than when the lights were on during the day 
In southeastern Wisconsin (Cahn 1927), fantail dart- (Seifert 1963). The time that elapsed for this color 
ers had eaten Diptera larvae (Simulium when avail- change was 7 minutes. Only the dorsal portion of the 
able), mayflies, small dragonfly nymphs, Planaria, body changed color. 
occasional young leeches, entomostracans, and small The fantail darter reaches its highest level of abun- 
gastropods. dance in warmwater streams. In Kuenster Creek 

Turner (1921) found that 13-mm fantails contained (Grant County), 63 fantail darters were associated with 
Ephemeroptera and Diptera larvae as long as the fish the white sucker (49), central stoneroller (247), 

themselves. The fantail darter is considered to be the hornyhead chub (37), creek chub (2), southern red- 

most agile and active of all darters, and the large, ac- belly dace (31), bluntnose minnow (187), sucker- 

tive food organisms that appear in its diet are not mouth minnow (17), common shiner (62), bigmouth 

taken by any other darter. shiner (2), stonecat (2), and johnny darter (39). 

Although the fantail darter is apparently more tol- 
erant than other darters of most pollutants, includ- IMPORTANCE AND MANAGEMENT 

ing silt, Lotrich found that its numbers dropped to The fantail darter probably furnishes limited forage 
42% of the original population following an influx of for predator fishes. It undoubtedly has the same bait 
strip mining wastes that caused heavy siltation. The value as other small darters—namely, it is useful in 
absence of this species in portions of rivers in Okla- the absence of anything better. 
homa and Arkansas has been directly related to Scott and Crossman (1973) have suggested that the 
changes in the substrate (Moore and Paden 1950). fantail darter has no direct economic significance, but 
When DDT was applied to a stream at a rate of less that the species offers unique opportunities for be- 
than 1.1 kilo/ha, specimens of the fantail darter were havioral studies. 
found dead after the fourth day of treatment (Hoff- Few fishes have evoked more enthusiasm than the 
man and Surber 1945). fantail darter. Jordan and Evermann (1896-1900) re- 

During the spawning season, the fantail darter in- marked that it was the “darter of darters—hardiest, 

habits the slower riffles. After spawning, the females wiriest, and wariest of them all and the one most ex- 

move into the larger, deeper waters, where they pert in catching other creatures.” It is reportedly very 
overwinter; the males follow after the eggs have active and tenacious of life, and therefore is an excel- 

hatched (Trautman 1957). lent species for the aquarium.
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Least Darter An orange spot on membranes between each dorsal 
fin spine, base and outer edge of spiny dorsal black; 
anal and pelvic fins rusty orange. Breeding female 

Etheostoma microperca Jordan and Gilbert. Etheo- lacking tubercles; pelvic, pectoral, and anal fins yel- 
stoma—a_ straining mouth; microperca—small lowish. 

perch. Sexual dimorphism: Female larger than male. Pec- 
Other common name: northern least darter. toral fin large in male. Pelvic fin reaching to base of 

anal fin in male; in female to vent. In male, pelvic fin 
cuplike, with an outer web of thickened skin. Uro- 

Aae Ska genital papilla in male tubular and pointed; in fe- 

ers ia 4A S>> male, conical and swollen. 

ae” ; a ate 
el a Sate DISTRIBUTION, STATUS, AND HABITAT 

SS x The least darter occurs in all three drainage basins in 
, Wisconsin. It has been reported only once from the 

Lake Superior basin (Greene 1935). In the Mississippi 
Male 32 mm, Plover R., Stevens Point (Portage Co.), 8 July 1965 River drainage, it is present in the St. Croix and 

{photo by M. Imhof) Chippewa river systems of northwestern Wisconsin, 
in the Plover River of central Wisconsin, and in the 

DESCRIPTION Rock and Illinois-Fox systems of the southeastern 
Body slender to moderately stout, compressed later- corner of the state. It generally avoids the unglaciated 
ally. Average length 30 mm (1.2 in). TL = 1.25 SL. region. In the Lake Michigan basin, it has two centers 
Depth into SL 4.3-4.8. Head length into SL 3.0-3.5. of distribution: the Wolf River system, and the 
Preopercle smooth on posterior edge. Gill mem- streams of the heavily urbanized counties, including 
branes moderately attached below to one another. the Milwaukee, Menomonee, Root, and Pike rivers. 

Premaxillaries nonprotractile, the upper lip groove not UWSP records: #1092 (11) creek draining Ebert 
continuous over tip of snout. Snout somewhat Lake T23N RI10E Sec 20 (Portage County), 1965; 

rounded, short; mouth strongly oblique (about 45°), #1093 (29) Waterloo Creek T9N R11E Sec 24 (Dane 
upper jaw reaching below anterior edge of eye to an- County), 1965; #1094 (1), #1095 (2), #1096 (1), #1098 

terior edge of pupil; small, sharp teeth in narrow (12), #2053 (2), Plover River at Iverson Park, Stevens 
bands on upper and lower jaws. Gill rakers short, ir- Point T24N R8E Sec 35 (Portage County), 1958-1968; 
regularly shaped, about 4. Branchial apparatus illus- #1097 (8) Allenton Flowage of Limestone Creek 
trated and described by Branson and Ulrikson (1967). T11N RI18E Sec 27 (Washington County), 1963; #3815 

Branchiostegal rays 5 (6). Dorsal fins 2: first or spiny (8) and #3816 (162) Crystal River T21N R12E Sec 6 

dorsal fin with 6 (5-7) spines, fin base into SL 4.5- (Waupaca County), 1971; #3951 (13) White Clay Lake 
5.5; second dorsal fin with 9-10 rays, fin base into SL T27N RI7E Secs 22 & 23 (Shawano County), 1971; 
5.0-6.3. Anal fin with 2 (1) spines and 6 (5) rays; pel- #4592 (3) Yellow River T39N R15W Sec 23 (Burnett 

vic fin thoracic, extremely long reaching to vent or County), 1974; #5199 (1) Plover River T25N R9E Sec 
beyond. Scales ctenoid; cheeks, opercles and breast 19 (Portage County) 1975; #5329 (1) La Motte Lake 
naked; nape naked (sometimes with embedded T28N RI16E Sec 19 (Menominee County), 1966; #5357 
scales). Lateral line absent; lateral series scales 32-38 (1) No. Branch Lt. Wolf River T26N R10E Sec 7 (Mar- 
(0-7 pored scales). Vertebrae 32-34 (Bailey and Gos- athon County), 1963; and #5450 (4) overflow pond 

line 1955). adjacent to Chippewa River T38N R6W Sec 3 (Sawyer 
Back olive brown; sides lighter to straw-colored; County), 1976. 

belly creamy. Mottled with 6-9 small, irregular The Wisconsin Fish Distribution Study (1974-1978) 
blotches along dorsal midline; 7-12 ill-defined rec- reported: (1) Tenmile Creek T32N R10W Sec 1 (Barron 
tangular blotches along midline of side; less mottling County), 1975; (1) Vermillion River T34N R13W Sec 3 
above, and least mottling below. First dorsal fin with (Barron County), 1975; (53) Lake Ripley T6N R13E 
diffuse brown pigment; second dorsal and anal fins Sec 7 (Jefferson County), 1974 and 1975; (18) Otter 
with horizontal brown bars; remaining fins lightly Creek T4N R14E Sec 18 (Rock County), 1975; (1) and 
pigmented. Suborbital bar prominent, black. (9) Allen Creek T5N R14E Secs 17 and 34 (Jefferson 

Breeding male with tubercles on all underside pel- County), 1975; (1) Whitewater Creek T4N R15E Sec 
vic fin elements and occasionally on anal fin spines. 10 (Walworth County), 1975; (3) Crooked Lake T7N
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Etheastoma microperca ee a eee 
R17E Sec 23 (Waukesha County), 1975; (193) Upper (1) Nelson Creek T27N R1W Sec 10 (Clark County), 

and Lower Nemahbin Lakes T7N R17E Sec 24 (Wau- 1977; (2) Kekegama Lake T37N R12W Sec 26 (Wash- 

kesha County), 1975; (2) Upper and Lower Nashota burn County), 1976; (1) Long Lake T37N R11W Sec 

Lakes T7N R17E Secs 12 and 13 (Waukesha County), 15 (Washburn County), 1976; (3) North Fork Clam 

1975; (2) Rock Lake T7N R13E Sec 15 (Jefferson River T38N R15W Sec 21 (Burnett County), 1976; (25) 

County), 1974; (19) Oconomowoc Lake T7N RI18E Fivemile Creek T42N R13W Sec 29 (Washburn County), 

Secs 1, 3, and 35 (Waukesha County), 1975; (8) Ash- 1977; and (11) McKenzie Creek T40N R13W Sec 6 

ippun Lake T8N R17E Sec 15 (Waukesha County), (Washburn County), 1976. 

1975; (1) Ashippun River TIN R18E Sec 4 (Washing- M. Johnson (pers. comm.) reported: Green 

ton County), 1975; (2) Rubicon River T10N R18E Sec County—Allen Creek T3N R9E Sec 14 in 1964, Lib- 

23 (Washington County), 1975; (10) Pike Lake T10N erty Creek T4N RYE Sec 35 in 1964, Norwegian Creek 

RI8E Sec 27 (Washington County), 1974; (1) Upper T2N RYE Sec 11 in 1964, Sugar River T2N RYE Sec 26 

Genesee Lake T7N R17E Sec 22 (Waukesha County), in 1965; Rock County—Willow Creek TIN R10E Sec 

1975; (46) East Fork Raccoon Creek TIN R1JE Sec 12 7 in 1964, Taylor Creek T2N R10E Sec 31 in 1964, 

(Rock County), 1974; (13) Raccoon Creek TIN R11E Coon Creek TIN RIIE Sec 34 in 1966; Chippewa 

Secs 5 and 16 (Rock County), 1974; (2) Norwegian County—Clear Creek T28N R6W Sec 17 in 1966; 

Creek T2N RYE Sec 14 (Green County), 1974; (8) Nor- Ozaukee County—Milwaukee River T10N R21E Sec 

wegian Creek T3N R10E Sec 31 (Rock County), 1974; 13 in 1967; Washington County—Bark River TIN 

(10) unnamed creek tributary to Norwegian Creek R19E Sec 26 in 1968; Waukesha County—Bark River 

T3N R9E Sec 36 (Green County), 1974; (99) Platte T8N RI9E Sec 4 in 1968; Walworth County—Sugar 

River T4N R2W Sec 10 (Grant County), 1978; (99) un- Creek (Fox River drainage) T3N R16E Sec 12 in 1968; 

named Creek T27N R1W Sec 8 (Clark County), 1977; Columbia County—Crawfish River T10N R11E Sec 28
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in 1968, collected by J. Mendelson; Sauk County— at a water temperature of 13.5°C (56.3°F) in the morn- 

mouth of Honey Creek near Wisconsin River in 1968, ing to 15.5°C (60°F) in the afternoon. The pH of the 
collected by J. Mendelson; and Dane County—Water- water was 7.9-8.0. 
loo Creek TON R11E Sec 23 in 1966. From March to May, the least darter migrates from 

Over its range, the least darter has been declining. the deeper portions of streams and lakes to the shal- 
In Minnesota, it has been placed on watch status low areas to spawn. Males ripen 1-2 weeks earlier 
(Moyle 1975); in Kansas, it is vulnerable to extirpa- than females, and migrate slightly before them. Ad- 
tion (Platt et al. 1973); in Pennsylvania, it is endan- verse weather conditions have been known to stop a 
gered (Miller 1972); in Iowa, it is endangered and spawning migration, and have even reversed its di- 
possibly extirpated (Roosa 1977). In Ohio, Trautman rection. Heavy rains causing high water, faster cur- 
(1957) assumed that extensive ditching, dredging, rents, and higher silt loads probably also delay 
draining, and polluting of prairie streams had de- spawning activities. 
creased its abundance and constricted its distribu- Least darter males establish and occupy stationary 
tion. territories in heavily vegetated areas containing al- 

The numerous records of the least darter made by gae, Potamogeton, and other flowering aquatic plants. 
Greene (1935) in extreme southeastern Wisconsin in A male defends a territory of 30 cm diam, using a 
the late 1920s are not supported by recent reports, rock, or more often a plant, for the center of the ter- 
indicating that changed conditions (resulting from ritory. One territory, 25 cm in diameter, centered 
increased turbidity and habitat changes precipitated around a Vallisneria plant. The territory of the least 
by agricultural, domestic, and industrial pollutants) darter has three dimensions, because it includes the 

have led to the elimination of this species in those vertical height of the plant or the center object in the 
waters. The widespread use of toxicants by the Wis- territory, as well as its length and width. Other dart- 
consin Department of Natural Resources in carp con- ers have only stationary territories of two dimen- 
trol programs has had a negative effect on its distri- sions. For the most part, the least darter attacks only 
bution. The least darter was noted as abundant in individuals of its own species, which it does by mak- 

Waterloo Creek (Dane County) in 1966. Then the ing headlong assaults. Yearling males show less ten- 
stream was poisoned, and repeated visits to the site dency than larger males to maintain territories, and 
of capture in 1967 produced no fish of any kind (M. larger males display dominance over the small males. 
Johnson, pers. comm.). The least darter has been re- In most darter species that establish well-devel- 
cently placed on the watch list of Wisconsin fishes oped territories, the male is larger than the female. 
(Les 1979). The least darter and Iowa darter are exceptions to 

In Wisconsin, the least darter has been encoun- this rule, the breeding females being somewhat 
tered most frequently in clear water at moderate to larger than the breeding males. In darter species hav- 
warm temperatures, at depths of 1.5 m or less, over ing stationary territories, there also appears to be an 
substrates of gravel (39% frequency), sand (23%), silt inherent protective mechanism wherein the males 
(15%), boulders (8%), mud (8%), and clay (8%). It must keep in contact with other members of their 

occurs within dense vegetation, including filamen- own species in order to remain sexually active. 
tous algal beds, in overflow ponds, pools, lakes and When ready to spawn, the female least darters 
sluggish streams. It is typically found in quiet water, move from the deeper parts of the stream or lake into 
and is most frequently found in smaller waters asso- the shallow areas occupied by the males. Frequently 
ciated with small streams, although it is occasionally males are seen swimming after a female moving 
taken along the edges of overflow waters adjacent to through the vegetated area. When the female slows 
large rivers. down or comes to a stop the males contend for her, 

with the larger and more colorful male jostling away 
BIOLOGY the other males and assuming the spawning posi- 
In Wisconsin, the spawning period of the least darter tion. Normally, if the female stops at a strongly acute 
occurs from mid or late April to early July (Lutterbie to obtuse angle, the male is stimulated to assume the 
1976). In east central Illinois the spawning period ex- mounting position. The least darter spawns from an 
tended from April to June (Burr and Page 1979). The acute to a slightly obtuse angle, usually in a nearly 
spawning details and behavior which follow have vertical position. The female has an elongated, tube- 
been provided by Petravicz (1936) and Winn (1958), like genital papilla, which is characteristic of darters 
unless otherwise indicated. that lay their eggs on gravel and plants, or in the ver- 
Spawning occurred in Michigan in 0.2 m of water tical position.



Least Darter 953 

i these are insufficient in number for the number of 
/ spawning pairs, in which case successful reproduc- 

tion occurs on roots, rubble, or gravel. Occasionally 
the egg is laid in sand. After the female dives into the 
sand and is partly buried, the male assumes the 
spawning position, and the egg is laid and fertilized 

/ in the usual manner. This habit has been observed 
ffi Pcp only in aquariums with bottoms of fine sand and few 

i - plants. According to Petravicz (1936), when a female 

“x begins to lay eggs on one material, such as the stems 
| fa of plants, she rarely changes to another type, such as 

t 
i? sand. 
i f \ In Wisconsin least darters, the ovaries were best 
ik developed during May, when they were 19% of the 

: body weight, and they remained highly developed 
through July, when they were 13% of the body 

aquatic vegetation \. weight (Lutterbie 1976). In September, ovaries made 
up only 1.9% of the body weight. The testes were 

J \ largest in June and July, when they were 1.2 and 2.8% 
of the body weight respectively; in September they 

The spawning position of the least darter (Winn 1958:177. dropped to 0.4% of the body weight. In May, an 
Copyright 1960, the Ecological Society of America) age-I female held 146 eggs of 1 mm diam. In June, 

two age-I females held 150 and 194 mature eggs. 
The modified pelvic fins of the male clasp the fe- Petravicz (1936) found that age-I fish held an average 

male just anterior to the spinous dorsal fin, extend- of 594 eggs, and age-II fish an average of 858 eggs. 

ing down on both of her sides. His anal and caudal The eggs averaged 0.7 mm diam. The mature egg is 

fins press against the caudal region of the female, and usually transparent and yellowish, with one to sev- 
the female’s soft dorsal fin presses against the side of eral oil droplets. The male provides indirect care of 
the male. The male least darter induces the female to eggs, and keeps at least other members of his own 
spawn by vibrating his head and the anterior region species away from them. In Illinois (Burr and Page 

of his body. The breeding tubercles are thought to help 1979), neither sex gave any attention to the eggs af- 
maintain the position of the male on the female dur- ter spawning. 
ing the spawning act. When the female is ready to At 18-20°C (64.4—68°F) incubation temperatures, 
spawn, she reciprocates with the same type of vibra- hatching occurs in 6—6.2 days. According to Petra- 
tion, curving her body so as to place the genital pa- vicz, the heart starts to beat after 50 hours of devel- 
pilla on the twig, leaf, algae, or other spot selected opment, and has a rate of 150 beats per min just be- 

for the one to three adhesive eggs. The egg or eggs fore hatching. Blood starts to flow at 80 hours. The 
are fertilized simultaneously upon release. The gap- total length of the least darter at hatching is 3 mm. 
ing mouths and the tense attitudes of the bodies in- Burr and Page (1979) illustrated and described the 3.5- 
dicate that the spawning act is unusually straining. mm hatchling, the 4.0-mm 3-day-old larva, and the 

After spawning, the female darts off and goes 4.7-mm 7-day-old juvenile. At 12-13 mm all body 
through the entire process again with the same male scales were deposited. 
or with a different male, engaging in several spawn- Lutterbie determined that in central Wisconsin 
ing acts before returning to the deeper water to rest. young-of-year least darters were 25-36 mm long in 
About 30 eggs are laid per day. September; in southern Wisconsin, they were 24-26 

Since there is poor sex recognition among least mm long in August. 
darters and there are fewer color and behavioral dif- The growth of the least darter in central Wisconsin 
ferences in the sexes than in most darter species, is shown on the following page (Lutterbie 1976:100). 

mistakes of gender are frequently made. Least darter Least darters in southern Wisconsin were 30 and 35 
males mount other males much more frequently than mm at the first and second annuli. 

the males of darter species in which sexual dimorph- The least darter is a short-lived fish; most individu- 
ism and behavior is more pronounced. als live through only two growing seasons (age I). 

The least darter lays its eggs only on plants, unless Data suggest that most adults die shortly after their
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Calculated TL bass and smallmouth bass at an average summer 
sears aaa water temperature of 21°C (70°F); it avoided the 16- 

mee NG Gt a ne 17°C (60-62°F) temperature range inhabited by the 
SS ee brook trout and the mottled sculpin (Hallam 1959). 

i . oe 26-41 ae 806 After the spawning period, the least darter moves 
back into deeper waters. In Whitmore Lake, Michi- 

Avg (weighted) 31.18 38.00 gan, this species was found in the thick organic de- 
bris and plant zone in 1.2 m of water (Winn 1958). In 

first spawning. Of the museum specimens exam- the shallow periphery of a large pool below the Crystal 
ined, only three had reached age II. They were 35-38 tal River Dam (Waupaca County) I found numbers of 
mm long, and the second annulus was at the margin least darters in cavities hollowed out under large 
of the scale. The length-weight relationship for least stones, which provide a natural form of cover in the 
darters, based on 252 fish, was Log W = —11.7308 absence of vegetation. 
+ 2.9805 Log L (Lutterbie 1976), where W is weight In the Allenton Flowage (Washington County), 10 
in grams and L is total length in millimeters. least darters were collected with the common carp (1), 

The least darter reaches sexual maturity at a length creek chub (13), northern redbelly dace (1), black 
of 27 mm at age I (Lagler et al. 1977). All age-I least bullhead (2), tadpole madtom (3), green sunfish (2), 
darters are mature. It is the smallest of Wisconsin pumpkinseed (1), rock bass (1), and central mud- 

fishes in length, and among the earliest to mature. A minnow (+). 
large least darter (UWSP 3816) is an age-I specimen, In an Illinois study (Burr and Page 1979) the great- 
41 mm (1.6 in) TL, and 0.5 g. It was taken from the est density was 33.09 least darters/m? collected in 
Crystal River (Waupaca County) in 1971. Trautman mid-October; the least density, 0.84 darters/m? in late 
(1957) reported a specimen 46 mm (1.8 in) long. March. During winter months the density decreased, 

The least darter feeds on all sorts of minute aquatic and few individuals in the 1+ year class survived. 
animal life. The stomachs of least darters taken from In an Ohio study of stream dessication, Tramer 
a pond adjacent to the Plover River (Portage County) (1977) found that the least darter survived periods of 
contained large quantities of copepods and cladocer- drought by burrowing into the substrate. When rain 
ans (V. Starostka, pers. comm.). All food was of ani- refilled dry pools in the creek, the least darter reap- 
mal origin; no vegetation or sand appeared in any of peared. 
the digestive tracts examined. In another sample 
from the same locale, the stomachs contained clado- 

cerans, Diptera larvae, and unidentified plant seeds IMPORTANCE AND MANAGEMENT 
(A. Kossel, pers. comm.). Starostka noted that fall Little is known about the significance of the least 
specimens had fat deposits on the viscera; the fat was darter in the food chain of other fishes. The black 
absent in spring specimens, suggesting that fat was crappie and largemouth bass have fed on it to some 
used for winter survival. In southeastern Wisconsin, extent (Cahn 1927). Petravicz (1936) indicated that 
the least darter’s food consisted of about equal supernumerary least darter males may devour eggs 
amounts of insect larvae, nymphs, and entomostra- fertilized by rival males. Its close association with 
cans (Cahn 1927). dense vegetation undoubtedly affords it considerable 

The least darter is an inhabitant of cool to warm protection from predators, and perpetuates its secre- 
waters. In Canada, it was associated with the rock tive habits.



Drum Family— 
Sciaenidae 

Only a single species of the drum family is known from Wisconsin. It 
is the only strictly freshwater member of a large number of saltwater 
forms, some of which occasionally move into nearby freshwater habi- 
tats. In the United States and Canada, 33 species in 18 genera are known 
(Robins et al. 1980). The drums are particularly well represented in Pan- 
ama, and they should be thought of as primarily fishes of the sandy 

shores of tropical seas, although various members have traveled far in 
habit and form (Breder 1948). The family contains about 160 species, and 
has a fossil record beginning in the Paleocene. 

The skull consists of heavy bones characterized by large cavities, which 
are adaptations for the mucous glands of the lateral line system. The 
jaws contain many small, sharp teeth in broad bands. The lower pha- 
ryngeal arches are large, sometimes fused, and contain buttonlike teeth 
for crushing. The spiny and soft dorsal fins are only slightly connected; 
the anal fin has two spines. Ctenoid scales cover the head and the body. 
The lateral line, which extends to the end of the caudal fin, is distinc- 

tive. 
Another distinctive feature of the drum family is the large otolith lo- 

cated in the sacculus of the inner ear. In the freshwater drum, the oto- 

lith has white enameled surfaces, and is provided with peculiar grooves 
and markings. If an otolith is cut into thin sections and examined under 
a microscope, the layers formed in successive years are clearly visible as 
alternating light and dark zones. By a study of the otoliths, it is possible 
to obtain the age of any individual fish. Because of its toothlike nature 
and size, the otolith is often used as a “lucky bone” by youthful fisher- 
men. When polished, otoliths may be converted into attractive jewelry. 
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Most species of the drum family have a complicated swim bladder with 
special muscles and tendons that are capable of producing audible sounds 
when vibrated against the bladder. The few species lacking the swim 
bladder sink to the bottom when they are not actually swimming, and 
are, of course, voiceless. 

The drum family contains many species which reach a large size, and 
which are highly valued as food and sport fishes. The sea trout, the salt- 
water drums, the croakers, and the kingfishes are the saltwater counter- 

parts of the freshwater centrarchids. They are easily caught, and are 
among the most edible of fishes.
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Freshwater Drum maining fins dusky. General color of living fish from 
clear waters, bronzy; from turbid waters, grayish 

white. 
Aplodinotus grunniens Rafinesque. Aplodinotus—a Sexual dimorphism: In male, a single urogenital 

simple or single back, in reference to the joined opening behind the anus; in female, 2 openings, 

dorsal fin; grunniens—grunting. genital and urinary, behind the anus (Moen 1959). 

Other common names: lake sheepshead, sheeps- 

head, drum, sunfish, silver bass, gray bass, SYSTEMATIC NOTES 

grunter, grinder, grunting perch, white perch, Marked similarities in the morphology of freshwater 

rock perch, perch, thunder-pumper, bubbler, drum from Lake Winnebago, Wisconsin, and from the 

gaspergou. Along the upper Mississippi River, lower Ohio River, Kentucky, indicate that there is a 
commonly white perch or perch. remarkable stability within the species that has per- 

sisted essentially in its present form since early post- 
glacial times (Krumholz and Cavanah 1968). 

= DISTRIBUTION, STATUS, AND HABITAT 
In Wisconsin, the freshwater drum occurs in the 

Z Mississippi River and Lake Michigan drainage ba- 
i sins. It is not known from the Lake Superior basin. 

A oo WO oss In the St. Croix River system above the St. Croix Falls 
’ me Ve i = (Polk County), it has been reported from Davis Brook, 

r Minnesota, to the St. Croix reservoir (Kuehn et al. 
— “ 1961); from the Danbury Flowage, Lt. Yellow Lake, 

Yellow Lake, and the Clam River in Burnett County 

(Blackman et al. 1966); and from the St. Croix River 

Subadult 246 mm, L. Winnebago (Fond du Lac Co.), 28 Au: m Douglas County Oather and Jonannes 1975); 
1961 o_o 9 “ 2 In the Wisconsin River system, the freshwater drum 

is known upstream to the Portage (Columbia County) 
DESCRIPTION area. In 1947, two drums were examined which had 

Body deep, strongly compressed, especially dor- been caught in the Moen’s Lake chain, part of the 
sally; the back strongly arched forward. Length 254- tributary system of the Wisconsin River in Oneida 
356 mm (10-14 in). TL = 1.28-1.32 SL in fish more County (Priegel 1967c, L. O. Williamson memo to A. 

than 125 mm SL; 1.34-1.35 SL in fish less than 125 Oehmcke, DNR at Woodruff 17 July 1947). It is prob- 

mm SL (Krumholz and Cavanah 1968). Depth into able that these individuals were introduced as part 
TL 3.3-3.8. Head length into TL 4.0-4.5. Snout of a fish rescue and transfer project. There are no 
rounded. Mouth ventral, horizontal. Upper jaw other known records from the upper Wisconsin River 
reaching below middle of eye; small teeth in broad drainage. 
bands on upper and lower jaws; pharyngeal arches In the Lake Michigan drainage, the freshwater drum 
heavy and with small, rounded, closely set teeth. is abundant in Lake Winnebago and common in Lakes 
Dorsal fins 2, connected by a narrow membrane: first Poygan, Winneconne, and Lake Butte des Morts. It 
or spiny dorsal fin with 8-9 spines; second dorsal fin is fished commercially in Green Bay, but it is rare in 
with 1 spine and 24—32 rays. Anal fin with 2 spines Lake Michigan proper. A single specimen was re- 
(second greatly elongated and stouter than first) and ported from a 2-year creel census conducted at the 
7 rays; pelvic fins thoracic, with 1 spine and 5 rays, Point Beach Nuclear Plant fishing pier (Manitowoc 
the first ray elongated into a distinct filament. Scales County) (Spigarelli and Thommes 1976). 
ctenoid; scales on upper head, body, and extending In the Mississippi River system, the freshwater 

onto bases of second dorsal and anal fins. Lateral line drum is common to abundant. It occurs in limited 
complete and extending through caudal fin (the only numbers in the Madison lakes (Dane County) and in 

Wisconsin species in which this occurs). Lateral line Pewaukee Lake (Waukesha County). On the Wiscon- 

scales 48-53 to hypural notch. Otolith of inner ear sin distribution map, open symbols on tributary 
much enlarged (Priegel 1967c). streams indicate the upstream limits of this species. 

Back and upper region of head olive brown; sides In Wisconsin the freshwater drum appears secure, 
silvery; belly and lower region of head white. Pec- despite heavy commercial and state crew fishing. 
toral fins lightly pigmented; pelvic fins whitish; re- Fishing regulations for 1980 impose no bag limit and
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Agape | Sallexconae Rote ie pa | © Literature and reports 
Le eee gee tae 3 dea cees O Greene (1935) 

no size limit on this nongame species (Wis. Dep. Nat. It is during late April and early May, as water tem- 
Resour. 1979). peratures rise in Lake Winnebago, that the male 

The freshwater drum inhabits large rivers, lakes, freshwater drum begins to produce his unusual 
and impoundments. In streams it usually occurs in sounds—first in short bursts between long intervals 
the larger pools. The open water areas of warm, of silence (Schneider and Hasler 1960). Into late May 
sluggish lakes and streams with mud bottoms are the the drumming sounds become longer and they are 
preferred habitats. The drum prefers turbid water, heard more often as the water temperature ap- 
although it is occasionally found in clear water. It is proaches the spawning level. According to Wirth 
seldom found in shallow, weedy areas. In the Great (1958:30): 
Lakes, it occurs mostly from shallows to waters 12- ; 18 m deep. It may well be that the males are serenading for the at- 

tention of the females. When this drumming or humming 
sound is heard, it is difficult to tell where the sound is BIOLOGY ae coming from. It sounds like a motorcycle race in full swing 

On the Mississippi River, the freshwater drum spawns several miles away, with increasing and falling volumes as 
from the first of May to the end of June at water tem- if the wind varied in its strength to carry the sound. 
peratures of 18.9-22.2°C (66-72°F) (Butler 1965, Nord 
1967). In Lake Winnebago, spawning occurs at these Wirth also noted that, when freshwater drums are 
temperatures during June and at times in July (Prie- taken from the water, they often croak like bullfrogs. 
gel 1967c). When water temperatures in Lake Win- Whether this croaking sound is made in the same way 
nebago remain below 18.9°C (66°F) until mid-July, as the drumming sound is not known. The intensity 
some females may not spawn and their eggs are re- of drumming is greatest in Lake Winnebago during 
sorbed. the spawning season in June. It diminishes gradu-
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ally until it ceases in late August (Schneider and In the Wisconsin River (Grant County), young-of- 
Hasler 1960). year freshwater drums were 29-43 mm long on 17 

The freshwater drum spawns pelagically in open July; in Lake Winnebago (Calumet County), they were 
water, usually far from shore. In Lake Winnebago the 32-68 mm long in mid-August; and in Lake Men- 
schools of spawning fish are easily observed on quiet dota, they were 78-82 mm long on 26 September. 
days as they slowly mill at the surface with their backs According to Priegel, growth of Lake Winnebago 
out of water (Wirth 1958). At times, groups of fish freshwater drums is slower than that reported from 
come together and actually lift one or more individ- most areas in the United States. However, growth of 
uals out of the water. freshwater drums from the Mississippi River after the 

In Lake Erie (Daiber 1953), mature female fresh- second year greatly exceeds the growth of this spe- 
water drums had ovaries up to 12% of the body cies in other locations. 
weight; they held from 43 to 508 thousand mature In Lake Winnebago, freshwater drums showed the 
eggs about 1 mm diam. It is quite common for some following length and weight relationships: 127-178 
female freshwater drums not to spawn even though mm TL—average 45 g; 178-229 mm—113 g; 229-279 
their ovaries are full of eggs. Examination of such fe- mm—204 g; 279-320 mm—363 g; 320-381 mm— 
males in August or September has shown the eggs 567 g; and 381-432 mm—794 g (Priegel 1967c). 
being resorbed. Slow growth appears to increase longevity. The fast- 

In the Mississippi River, in Pool 3 and in Lake growing freshwater drums in the Mississippi River 
Pepin, strong year classes occurred when mean water seldom reach 7 or 8 years of age. Priegel noted that 
temperatures exceeded the long-range mean water few freshwater drums live to be more than 10 years 
temperature for those waters (Butler 1965). This was of age, although there are records of individuals as 
particularly true for the month of May, but did not old as 17 years. In Lake Winnebago, the age compo- 
hold true for the entire month of June. sition of the freshwater drum population has changed 

The eggs and larvae of the freshwater drum float because of an intensive drum removal program initi- 
on the surface of the water, a characteristic typical of ated in 1954. In 1951, 73% of the freshwater drums 
saltwater fish and unique among freshwater fish in caught were 7 years old or older, but by 1960, only 
North America. The eggs require from 24 to 48 hours 23% were 7 years or more in age. In 1963, only 12% 
to hatch, and the larvae remain attached to the sur- were 7 years old or older. 
face film for a similar length of time. Once the larvae In the Mississippi River, the first mature males were 
are capable of swimming, they leave the surface. In age II, and had a mean length of 310 mm. At age III, 
Lewis and Clark Lake, South Dakota, the larvae, 63.4% of the freshwater drums were mature; they had 
which are about 3 mm long at hatching, are scattered a mean length of 351 mm (Butler and Smith 1950). 
by water currents and wind and drift at the surface Maturity was reached by 97% of the males by age IV, 
until they are about 10 mm long; they then move to but not all were mature until age VI. Females first 
deeper water (Walburg 1976). Priegel (1967c) noted matured at age IV, at which time 46% were mature at 
that, after attaining a length of 25 mm, freshwater an average length of 386 mm. All females beyond age 
drums are found on or near the bottom, where they V were mature. In Lake Winnebago, mature males 
remain for most of their lives. are generally 3-4 years old and 254-305 mm long, 

M. Fish (1932) illustrated and described the 13.3- while females are usually 4-5 years old and 279-305 
mm stage, and described the 15.6-mm stage. Taber mm long at maturity (Priegel 1967c). Freshwater drum 
(1969) illustrated the developmental stages from 3.2 females continue to reproduce year after year once 
to 20.5 mm. Scales first appear on freshwater drums sexual maturity is reached. In Lake Winnebago, there 
in the 15-mm class, and the young are fully scaled at have been times when a small percentage of the older 
22 mm (Priegel 1966c). females did not reproduce each successive year. Males 

Age and Growth (TL in mm) of the Freshwater Drum in Wisconsin and Lake Erie 

Location 1 2 3 4 5 6 7 8 9 CL Source 
L. Winnebago 130-218 «277, Ss 312s 338s 356 = 368 3881S 391427 Priegel (1969d) 
Mississippi R., Butler and 

Pools 44,8, 10,17 124 229 297 340 376 419 460 486 Smith (1950) 
Mississippi R., Christenson 

Pool 5A 127 244«-318=S 3764194588 and Smith 
(1965) 

L. Erie 132-201-254 282,335,858 396419 432, 460472483460 © «480_—Edsalll (1967)
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usually make up from 52 to 63% of the freshwater strong molariform pharyngeal teeth, none of the more 
drum population. recent detailed studies bears this out. 

Priegel (1963c) determined that the mean length of The freshwater drum feeds chiefly by touch and 
freshwater drums from Lake Winnebago is smaller taste, thus enabling it to endure more turbid water 
today than the mean length of drums whose remains than sport fish species which feed principally by sight. 
have been found at aboriginal campfire sites in the Apparently it will feed at all hours, as full stomachs 
Lake Winnebago region. The calculated lengths of the have been found at all hours of the day and night 
latter, based on otolith size, are 460-472 mm (18.1- (Priegel 1967c). Trautman (1957) noted that, at twi- 

18.6 in). The sizes of the pharyngeal bones and mo- light during the warmer months, freshwater drums 
lar teeth that are found in the campsites of American come into waters less than 1.5 m deep, where they 

Indians indicate that in primordial times weights of feed by moving rocks and stones with their snouts, 
about 90 kg (200 lb) were attained by freshwater capturing crayfishes, aquatic insects, darters, and 
drums (Hubbs and Lagler 1964). Witt (1960), how- other fishes that they have disturbed. 

ever, after investigating drum otoliths found in In- Although a hardy species, the freshwater drum has 
dian middens, suggested that the maximum size of been observed in distress when water temperatures 

this species is probably well under 45 kg (100 Ib). exceed 25.6°C (78°F), and when dissolved oxygen 
Specimens weighing over 22.7 kg (50 Ib) have been concentrations remain low over an extended period 
reported from Spirit Lake, Iowa (Harlan and Speaker of time (Priegel 1967c). Gammon (1973) suggested that 
1956). A 24.7-kg (54-Ib 8-0z) fish was captured from the optimum temperature for the freshwater drum in 
Nickajack Lake, Tennessee, in 1972. the Wabash River, Indiana, probably lies within the 

In 1958, a freshwater drum weighing 14.1 kg (31 29-31°C (84—88°F) range. 
Ib) and measuring 940 mm (37 in) was caught by an The tendency of freshwater drums to school be- 
angler on Lake Winnebago (Priegel 1967c). In 1971, a gins early and continues throughout life. In the Mis- 
fish weighing 11.8 kg (26 Ib) was taken from the Fox sissippi River, movement and activity are largely 
River (Winnebago County) (Wis. Dep. Nat. Resour. governed by water temperature and water move- 

1977). A commercial fisherman (J. Diehl, pers. comm.) ment (Nord 1967). The drums usually move into the 

reported a 15.9-kg (35-Ib) fish netted from the Mis- shallower waters in the spring and back into the 
sissippi River at La Crosse. deeper water of the main channel in the late fall. Ac- 

In Lake Winnebago, the food of young freshwater tivity and feeding are greatly reduced in winter. The 
drums consists principally of minute crustaceans— freshwater drum has a wide range of habitats during 
the copepods and cladocerans. As the fish increase warmer weather, and is found in practically all of the 

from 25 to 51 mm, insect larvae become an important Mississippi River habitats except the shallow, slack- 
part of their diet. The lake fly larva Chironomus plu- water areas. It is sometimes found in large concen- 
mosus becomes the most important item in the diet trations in the tailwaters of the dams. 
of all freshwater drums more than 38 mm long (Prie- The drumming sound made by freshwater drums 
gel 1967c,d). The leech Helobdella sp. was consumed is produced by a special apparatus which is located 
by all freshwater drum groups of more than 60 mm. in the body cavity, and is connected with the swim 
Freshwater drums also eat crayfish and small fish, but bladder. Two elongated muscles moving a tendon over 
fish are a small part of their diet (Wirth 1958). the swim bladder are responsible for implementing 

In the Mississippi River (Pool 19), 75% of the total the sound. Only sexually mature males possess this 
stomach contents of freshwater drums consisted of structure, which is fully developed by the third year 
Hexagenia naiads. Immature Coleoptera and Odo- of life (Priegel 1967c). The sounds were produced only 
nata, snails, and fish constituted the bulk of the re- during the daytime, from about 1000 per hr to sunset 
maining 25% (Hoopes 1960). (Schneider and Hasler 1960). 

In Lake Winnebago, there is no evidence that adult 

freshwater drums feed on mollusks. Often the adult IMPORTANCE AND MANAGEMENT 
drum is characterized as feeding extensively on mol- The freshwater drum has few natural enemies. Al- 
lusks: the shells are crushed by the powerful pha- though apparently exposed and vulnerable, the eggs, 
ryngeal jaws, the broken bits of shells are spewed out, larvae, and fry are seldom taken by other species. The 
and only the soft parts of the mollusks are swal- young are eaten infrequently by walleyes, burbot, 
lowed. Krumholz and Cavanah (1968) noted that, al- saugers, and white bass (Butler 1965, Priegel 1967c). 
though many general works indicate that the princi- The freshwater drum’s covering of heavy ctenoid 
pal diet should consist of mollusks because of the scales affords considerable protection for the Great
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Lakes populations against attack by the sea lamprey Drum also are delicious smoked. They may be smoked 
(Scott and Crossman 1973). In most waters, commer- in much the same manner as other fish suitable for smok- 

cial fishing is the major cause of adult mortality. ing, but they should not be heated too long as they are not as 

The freshwater drum has significance as an inter- oily as carp or catfish, and will tend to dry out. They are 
mediary host for mussels, which pass through their usually smoked whole with just the viscera removed. The 

metamorphosis on the drums gills Sometimes the Hem a nd scales may remain or be removed depending upon 
freshwater drum carries an almost incredible num- individual preference. 
ber of glochidia (Surber 1913). Hart and Fuller (1974) 5 
list the following clams which use the freshwater hie mp ica hones) Be oe Heian 
drum as host: Megalonaias gigantea, Anodonta grandis, wien pur to sna string m nd the ck ey were 
Arcidens confragosa, Lampsilis orbiculata, Leptodea fra- orren. Worn ON a StFING around ee NECK as a preven- 
gilis, Proptera alata, Proptera laevissima, Proptera pur- tative and cure for colic (Priegel 1967c). Otoliths have 

i , a : 5 been found in Indian middens throughout the range 
purata, Truncilla donaciformis, and Truncilla truncata. f th ies. The Indi d the freshwater d 

In recent years, the number of Wisconsin anglers Ot Soe SESS Ss Ce Tene Usces ENE Nee Water ee 
who eatchthe freshwater dium has been on’ the in- for food, and the otoliths for money and ornaments. 

lee sae Niehoff (1952) described five aboriginal otoliths found 
crease, although it is frequently taken incidentally to . : ; . : 
other sport fishes. On Lake Winnebago, the fresh- m Wisconsin that-were pestomted at tive points, ~~ 
water drum readily takes live bait such as worms, cicaliegyehal Chey harll heenusieang, wpedbabllpseliher 
crayfish, and minnows. It also takes cut bait, and oc. for a necklace or a braclet. Aboriginal drum otoliths 

casionally strikes spinner-minnows, wet flies, and a Lis hee ‘i oo of Dee = Pea aes 
small plugs. Unfortunately, this species bites well only WEES anes SEONETSE STUTE Wee) NOL 2enves MOeee 
during the summer months. otoliths must certainly have been carried there as some 

The estimated sport fishery catch of freshwater sottal teinket or wampont. Re today otaliths shave 
drums in Pools 4, 5, 7, and 11 of the Mississippi River vwalise ia eke any ie sea Some people 
in 1967-1968 was 90,412 fish weighing 27,414 kg Convert oa attractive jewel. se drum fish 
(60,437 Ib) (Wright 1970). This species ranked second eonsideranle Conumetela’ een warenierum te 
in the sport catch in 1957, and fifth in 1962-1963 (Nord ery has developed in Wisconsin. In the Wisconsin 
1967) , portion of the Mississippi River, the freshwater drum 
Fechwater dons tom Lake Winnehaso are same ranks fourth in abundance and value in the catch. In 

fish on the hook, and when prepared eo a eH. 1977, the freshwater drum accounted for 12% of the 

they are quite tasty. The edibility of the freshwater oa ae value of fish oe — an 
drum seems to vary from lake to lake, and small fish oy Maters of the Mississippi, following the channel 

of 0.5-1 kg are usually more palatable than large fish. catfish (32%), buffalo (29%), and common carp (24%) 

The flesh is white, with large flakes that are low in (Femholz and Crawley 1978). Between 1953-and 1977, 
oil (Gebken and Wright 1972a). The values of the the yearly catch of freshwater drums averaged 222,300 

edible fillet are 16-18% protein, 1.5-6% oil, 1% ash, _(112/800- 435,400) kg. The 1977 catch was 250,167 kg 
and 75-81% moisture. The protein content is higher (551,515 Ib), and valued at $55,150 to the commercial 

than that of several other species of fish and about Auhecmias. The Seine accounts forthe largest portion 
the same as that of beef and chicken; the fat content a Fig dieu lnenyest) Fill uctevanidl eobilines fellewets 
is lower than that of beef and chicken importance. Freshwater drums are shipped to mar- 

Wirth (1959) provided the following insauctions for kets in large Midwest cities, where they sell quite 
cooking freshwater drum (p. 10): readily, sometimes under the names of “white perch” 
a or “perch.” In 1975, the retail prices for freshwater 

To prepare for cooking, season, roll the fillets or sticks in drums were $1.08/kilo (49¢/Ib) for fresh fish and $1.65/ 
flour, cracker crumbs, or cornmeal and pan fry in oil. Or kilo (75¢/Ib) for smoked fish in a Lansing, Iowa, fish 
dip in a batter and drop them in deep fat. With either market. 

oe drum filets a not be fried too long or they will The 15.2 million kg of freshwater drums removed 
vu a . P 

An excellent fish-frying batter is a beer batter. Merely mix enneray ean i ss ie) ee eed 
beer with flour and salt to a thin enough consistency to Were: valued at g0le, (Priege . ). a .! 
stick to the fish and drop in a frying fat. This batter will sales of 546,220 kg of freshwater drums in Wisconsin 
impart a light crisp bubbly coating to the fillets or sticks brought $40,444 (Miller 1971). Most of the freshwater 
with just a slight aroma of malt. If the use of beer is dis- drums that have been harvested in Lake Winnebago 
tasteful, use charged water or white soda for the same ef- have been used for food in the mink industry. 
fect without the malt flavor. According to Priegel (1967c), on Lake Winnebago
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the Lake Erie-type trap nets were used to catch species—1.1-1.4 million kg of drums should be re- 
freshwater drums from 1955 through 1965, and were moved annually. 
the most important gear in use until 1962, when In Lake Michigan, the freshwater drum popula- 
trawling accounted for 61% of the catch. The effec- tion is concentrated in lower Green Bay, where it is 
tiveness of the trawl continued to increase, so that harvested incidentally to the yellow perch fishery. The 
by 1965 trawls accounted for 84% of the freshwater commercial harvest in 1974 was reported at 880 kg 
drum harvest. The drums are located by electronic (1,941 Ib), with a value of $155 (Wis. Dep. Nat. Re- 

sonar devices, which take the guesswork out of find- sour. 1976c). Wells and McLain (1973) stated that in 

ing them. Priegel (1965) noted that in Lake Winne- Lake Michigan the catch of freshwater drums since 
bago the catch per haul of adult freshwater drums 1962 has been negligible because of poor market de- 
increased during night trawling compared to the catch mand. 
taken in day trawling. The standing crop of freshwater drums in Illinois 

In Lake Winnebago, the commercial harvest of and Wisconsin lakes averaged 7.7 (3.4-15.9) kg/ha 
freshwater drums was intensive enough to crop off (Carlander 1955). With the removal of freshwater 
the larger and older fish by 1962, so that the harvest drums from Lake Winnebago, increases have been 
after 1962 was composed of smaller and younger fish noted in walleye, sauger, white bass, yellow perch, 
even though the rate of growth remained the same crappie, and channel catfish populations, especially 
(Priegel 1971b). Priegel estimated that to keep the since 1959 (Priegel 1971b); however, no positive cor- 
freshwater drum population at an optimum size in relation has been demonstrated between these in- 
Lake Winnebago—i.e., less competitive with the sport creases and drum removal.



Sculpin Family— 
Cottidae 

Four species of sculpins in two genera are known from Wisconsin. In 
the United States and Canada, 111 named species occur, three-fourths of 
which refer to the Pacific Ocean, including the western Arctic. In addi- 

tion to the named species, some 30 little-known cottids have been re- 

corded in the North American waters of Alaska alone (Robins et al. 1980). 

Although primarily marine fishes of arctic and temperate seas, one genus . 
in particular, Cottus, is widely distributed in the fresh waters of the 

northern hemisphere. Twenty-one strictly freshwater species have evolved 
in North American waters, and, within that genus, several species are 
confined to only a spring or two. The family contains at least 300 spe- 
cies. The cottids are known from the Oligocene to Recent. They are among 
the most advanced of fishes. 

Sculpins are characterized by enlarged, flattened heads and by expan- 
sive pectoral fins. The body tapers from the broad head to a relatively 
narrow caudal peduncle. The preopercle is variously armed with spines. 
The eyes are dorsal in position and occasionally are close set. The first 
dorsal fin is spiny, but the spines are soft. The pelvic fins possess a single 
spine which is bound by a membrane to the first pelvic ray, creating a 
single element. Scales are lacking, or are represented by dermal prickles. 

Although freshwater sculpins are small fishes of 18 cm or less, some 
marine species may attain lengths of 61 cm or more. In Wisconsin, the 
sculpins are typical inhabitants of rocky, cool headwater streams; here 
they retreat under stones during daylight hours. 

Sculpins are primarily carnivorous, feeding largely on microcrusta- 
ceans and aquatic insects. In trout streams they have long been accused 

963
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of eating trout eggs and young. Probably most of the trout eggs con- 
sumed by sculpins are loose eggs that have not been buried in the nests. 
Little evidence is available to show that sculpins limit trout numbers. In 
fact, in large, deep lakes sculpins are an important forage fish for large 
trout and other predator species. 

Sometimes a sculpin is used as bait by anglers. 
From the accounts of sculpin species which follow, it is evident that life 

history information for some species is sketchy. W. Van Vliet, while 

working in deep water with scuba gear, lost his life in October 1968 as he 
attempted to unlock the mysteries of spoonhead and deepwater sculpin 
ecology and behavior in Heney Lake, Quebec (Delisle and Van Vliet 
1968). The sculpins yield their secrets grudgingly—particularly those 
species in deep, coldwater habitats.
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Deepwater Sculpin ber and often arranged parallel to lateral line. Lateral 

line complete or nearly so. 
Back and sides grayish brown to light brown; back 

Myoxocephalus thompsoni (Girard). Myoxocephalus—head occasionally with 4-7 saddle marks of varying size; 
like a dormouse; thompsoni—named for Rev. Za- belly and caudal peduncle lighter. Pelvic and anal 

dock Thompson, the author of History of Ver- fins generally unpigmented; first dorsal fin pig- 
mont. mented along edge; remaining fins variously speck- 

Other common names: Great Lakes fourhorn scul- led or barred. 
pin, sculpin, lake sculpin, deepwater blob. Sexual dimorphism: In male, rays of second dorsal 

fin much elongated and reaching to base of caudal fin 
and beyond; in female, these rays not reaching to 

: caudal fin. Pelvic fins notably longer in male than in 
(ae nn eS female. Male with small tubercles on rays of second 

A = OTe come dorsal and pectoral fins; tubercles absent or weak in 

Pe ah Een female (McPhail and Lindsey 1970). Vladykov (1933) 
" a ; : Se noted that the upper caudal rays of the male tend to 

> Get be more elongated than those of the female. 

SYSTEMATIC NOTES 
Until recently, the circumpolar form as well as the in- 
land freshwater form were treated as a single spe- 

/ cies, the fourhorn sculpin M. quadricornis (see Bailey 
roe et al. 1970). Discriminate function analysis by Mc- 

V¢ 2 EE Allister et al. (1978) permits separation of the coastal 

al “eae _ brackish or saltwater form and the inland freshwater 

. os , oP form into M. quadricornis and M. thompsoni respec- 
5 Sa ee tively. 
= 7 

ay 
DISTRIBUTION, STATUS, AND HABITAT 

Adult 173 mm, L. Michigan, near Sheboygan (Sheboygan Co.), In Wisconsin, the deepwater sculpin occurs in Lakes 
28 Oct. 1966. Lateral view above and dorsal view below. Michigan and Superior. In the Great Lakes system, 

the only inland water from which it has been re- 

ported is Torch Lake (Antrim County), Michigan 
DESCRIPTION (Hubbs and Lagler 1964). The first published record 
Head and anterior body flattened dorsoventrally; of the occurrence of this species in Lake Michigan was 

posterior body and caudal peduncle compressed lat- based on a specimen captured 26-32 km (16-20 mi) 
erally. Average length 137 mm (5.4 in). TL = 1.21 SL. from Racine, Wisconsin, in 91-110 m of water (Hoy 

Body depth into TL 4.4-6.0. Head length into TL 1872a). In Lake Michigan, it has not been reported 
3.3-3.9. Snout blunt in lateral view. Mouth terminal, from southern Green Bay. Wisconsin records for Lake 
large. Upper jaw extending to below middle of eye or Superior cluster about the Apostle Islands. Eddy and 

beyond; minute teeth in narrow bands on upper and Underhill (1974) reported it from Minnesota waters 
lower jaws; palatine teeth present. Gill membranes of Lake Superior off Grand Marais, Beaver Bay, and 

meeting at an acute angle, free from isthmus. Four Isle Royale. 
preopercular spines per side; uppermost spine di- The deepwater sculpin is found in the Great Lakes 
rected upward, others downward. Dorsal fins 2, and in deep, freshwater lakes of Canada. Scott and 
separated from each other about diam of eye; first or Crossman (1973) have discussed the effects of glacia- 
spiny dorsal fin with 7-8 soft spines; second dorsal tion on its North American distribution (pp. 843-844): 

fin with 12-14 TqyS’ Anal fin Tays: 13-15; pelvic fins The deepwater sculpin is usually referred to as a glacial 

thoracic, small, of 1 Spine and 3 rays but appearing relict in both Europe and North America because, theoreti- 

as only 3 elements (the spine and first ray encased in cally, it, together with the relict crustaceans Mysis relicta 
a single fleshy membrane); pectoral fins large, fan- and Pontoporeia affinis, all originally occupying arctic, ma- 
like, rays 16-17. Typical scales absent, and spines or rine, or brackish waters, was pushed southward, along 
prickles present only above lateral line, few in num- with the salt water, in front of the advancing ice sheets.



966 Sculpin Family—Cottidae 

— wp tawe | Ff |surertbpr ~N 
| eng’ 7 | fo ae en 

| iz Pr | Wace 7 Ursa | fie a . F ©. | ) fy va 4 i Cag 

pl Nera Det ean A oe b ney ae UX & | CONES RY Oral I a . VERY A 
reel TBE OG ee aR Pond yy LPS RUC i AR eae. ast | hi [PSP Lf 

© TRON ES ED. (CTT SS es Hse oy | | (7 el AULA Spe US HLT Fo Mer kin TN oD ‘ee en A | FEES OA EE Poy NEED FLEE fies ey Ae ES 4 \ EASE PEAC SCORE heb Res Be § oe ESTA ee we, ' yo Ef RL INT 
Ee eat HINO ALC 7 MS a Re Ae 7 : ‘ 4 LIA Ygie < 

+ SSSR ee ge i ES. Sa et SN ; SOF WO ype PANEER OUT (ee Te Ee EAT ONS Je yok A CO PEE OUR NYP Sy: Fos - é AD ez 0 LET EE CORMAN YS SEI } SERFS As ‘ foo % 

CHEN UTNE Za ae VK BAS erat: fp. | CEA 
FAY AST Ras SiS MEER AS ee NA EN NS Eh ORL LUTE PO INIT . 
NAB AND UNOS NRO PRET bs Beet EY |. Se NS aay SD VaKEAT 4° BE SES CEL OSB A YU VB ye ply J ¢ os o%& RNY € Pe LY Yr de pe Sp a = 

. VE JES SS I BOE, ch a & 
MK cn Ay ne Ly SPIES rg So | NES EE EM SE Nest 30 Qc 2 ERMA OES SOHO YC | 

wrceosse WOE? YN oe C2 hehe po SS NS ce 
| (AEA TALS BRE 

oA TSG VAS eae Yn ys | 4 Se yas ss a pe Ne 
EATS SL CO A aU? Sy SREEAN | OR | ~— sana SY Ae 8 “f yey OF | 

| gai ge ae, LZ Al Danses fe PAE CNY . | 
BOR AME LANA 5 TI RUM hee SN Renee - 

| bse 3 . pee 2 oe xb, " tT 3 es aS 08 8 oo | Range of the deepwater sculpin 
a Sh AE XY jz = ww AV yan | @ Specimens examined 

| | Voile atl ONY k 4) ay | © Literature and reports 
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Eventually the ice retreated, forming proglacial lakes as it S. H. Smith (1970) implied that the alewife was pri- 
did so, and leaving behind the deepwater sculpin and its marily responsible. 
ever-present invertebrate associates that form its food sup- In Lake Huron, the deepwater sculpin continues to 
ply. Other theories proposed to explain this sculpin’s fresh- be abundant despite the large numbers of alewives seteneee eel sist eae HOY os be a e present (Smith 1970). In Lake Michigan, its future is 
competed mnown, Mvolve ‘the ‘voluntaty Hugtations © uncertain. Wells and McLain (1972 and 1973) noted marine sculpins into fresh water, and finally, dispersal by that it had declined kedly in abund in'Lak 
invasions of sea water up the St. Lawrence and inland from al x a eclned.:markediyin abun pane ny ake Hudson Bay. Michigan after 1960, because of a deficiency in re- 

cruitment. The increase in reproduction of deep- 
Champagne et al. (1979) reported a 10,000-year-old water sculpins in Lake Michigan since the late 1960s, 

fossil from Ottawa, Canada. which has probably been related to the 1967-1968 de- 
The future status of the deepwater sculpin is a mat- cline in the number of alewives, may be reversed if 

ter of concern, especially in the light of what has oc- the recovery begun by the alewife in 1969-1970 con- 
curred in Lake Ontario. At one time it was so abun- tinues. 
dant in Lake Ontario that it was considered to be a The common name, deepwater sculpin, is descrip- 
nuisance when caught in gill nets set for lake trout. tive of its lake habitat. It does not occur in Green Bay 
It now appears to have been extirpated, for not a at depths of 25-35 m (Deason 1939). In Lake Michi- 
single specimen has been seen in 10 years, and even gan, its preferred optimum depth range is between 
extensive experimental trawling has failed to capture 73 and 128 m (Wells 1968). It is taken in the deepest 
a specimen (Scott and Crossman 1973). Scott and part of the southern basin of Lake Michigan, at depths 
Crossman ascribed its extirpation to DDT pollution; to 165 m, and at depths at least as great as 256 m in
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northern Lake Michigan. In Lake Superior, this spe- level of reproduction; few small individuals were ta- 

cies appears at depths from 73 m to at least 366 m ken in the catches of 1964-1968. In 1970 and 1971, the 
(Dryer 1966). average weights of deepwater sculpins in the catch 

were 11 and 12 g respectively; these collections con- 

BIOLOGY tained larger numbers of younger, smaller fish. 

In Lake Michigan, the deepwater sculpin spawns in The largest deepwater sculpin in the UWSP collec- 
deep water in the winter, and the eggs hatch in the tions is a male taken from Lake Michigan on 28 Oc- 
spring (Wells and McLain 1973). In Canada, the avail- tober 1966. It is 173 mm (6.8 in) TL, and weighs 60.29 
able evidence indicates that this species spawns in g (preserved weight). A 199-mm (7.8-in) fish was 
the summer or early fall (Scott and Crossman 1973). taken from Lake Ontario (McPhail and Lindsey 1970). 

Delisle and Van Vliet (1968) suggested that spawning The deepwater sculpin is strictly predacious, feed- 
in Heney Lake (Gatineau County), Quebec, occurred ing on small crustaceans and the few species of 
during June and July at water temperatures of 6.0— aquatic insects found on the bottoms. The stomachs 
7.2°C (42.8-45°F), at depths of 15-27 m. of 124 specimens from western Lake Superior dis- 

A 129-mm, 30.2-g deepwater sculpin, taken in closed that Mysis and Pontoporeia were eaten almost 
mid-June 1968 from upper Green Bay had ovaries exclusively, with each equally important in the diet in 
5.9% of the body weight. These ovaries held fewer most months (Anderson and Smith 1971b). Cope- 
than 10 mature, clear orange eggs 1.8-2.1 mm diam, pods and cladocerans were eaten occasionally. Un- 
and several hundred immature, opaque eggs 1.0-1.3 identified insect remains and small numbers of core- 
mm diam. In Lake Superior, Eddy and Underhill gonid eggs were taken in April, and plant material 
(1974) found females with ripe eggs from late June was consumed in September. 

through July. It is probable that year-round spawning In southeastern Lake Michigan, the deepwater 
occurs in the Great Lakes. In Great Bear Lake, North- sculpin was always abundant at depths of 82 and 91 
west Territories, ovaries contained well-developed m, but was never abundant at other depths (Wells 
eggs in late July. 1968). It extended its range slightly shoreward in the 

Larval deepwater sculpins are found in the hypo- spring. No specimens were found in water shallower 
limnion in deep areas of Lake Michigan (Wells 1968). than 82 m on 13 February, but a few were found in 

In Lake Huron, young-of-year were taken in 5-min- water as shallow as 64 m on 11 March and 31 m on 
ute tows from 20 April to 20 May along the inner 15 April. The shallowest waters in which deepwater 
basin of South Bay (Faber 1970). The presence of sculpins were caught off Saugatuck, Michigan, were 
older larvae without yolk-sacs during the sampling 13 m on 26 May and 7 m in August. 
period suggests that they either had hatched before Although deepwater sculpins are mostly restricted 
the ice break-up within South Bay, or that they had to water colder than 4.5°C (40°F), factors other than 
moved into South Bay after hatching in Lake Huron. temperature probably exert a strong influence on the 
Other tow net data (unpublished) showed that deep- depth distribution of the species. In one study, it was 
water sculpin larvae were numerous in certain years found that they did not move into shallow water in 
immediately outside the entrance into South Bay. numbers even where water temperatures were less 

Deason (1939) reported 2 specimens, 102 and 109 than 4.5°C (Wells 1968). 

mm SL (with calculated total lengths of 123 and 132 McPhail and Lindsey (1970) have suggested that, 
mm respectively), from near Two Rivers in Lake at great depths, courtship and other social interac- 
Michigan, which he believed were the largest indi- tions among fishes must occur with little benefit of 
viduals reported from the Great Lakes, but which, by vision. Twice deepwater sculpins were kept captive 
comparison with more recent samples, are small fish. in aquariums for 2 weeks before they died; during 
In 1966 and 1968, the average size of 18 individuals this time they were timid and passive, refusing even 
from upper Green Bay and off Sheboygan averaged live food. How this little fish lives, how abundant it 
139 (125-173) mm TL. Wells and McLain (1973) have is, and what role it plays in the ecosystem of deep 
suggested that fluctuations in size reflect increasing northern lakes are literally deep and dark secrets. 
and decreasing reproduction levels. For instance, in 
eastern Lake Michigan the average weight of deepwa- IMPORTANCE AND MANAGEMENT 
ter sculpins in the catches climbed from 21 g in 1960 The historical importance of the sculpin species has 
to 24-25 g in 1964 to 1968. The increase in average been their place in the diet of the lake trout. Deason 
size from 1960 to 1968 was a result of a decreasing (1939) recorded a total of 1,215 sculpins (species not
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designated) taken from 65 lake trout and burbot also compete with larval sculpins for plankton food, 
stomachs; as many as 139 specimens were secured or prey upon the larvae. Alewives had so decimated 
from a single stomach. In southern and northern the populations of large species of zooplankton in 
Lake Michigan, 15% of the lake trout stomachs ex- Lake Michigan by the mid-1960s that the actual pres- 
amined which contained food held fourhorn scul- ence of alewives among deepwater sculpin fry may 
pins; 26% of the burbot stomachs held deepwater not have been necessary to exert a negative effect on 
sculpins (Van Oosten and Deason 1938). In Lake Su- them. 
perior, sculpins, including the deepwater sculpin, The deepwater sculpin was taken commercially 
and their eggs are a significant part of the diet of lake from Lake Michigan in trawls in the early 1960s for 
trout and siscowets (Eddy and Underhill 1974). the animal food market, but only small quantities 

A common associate of the deepwater sculpin in were harvested (Wells and McLain 1973). 
Lake Michigan is the alewife. Alewives are concen- To the biologist concerned with fish distribution, 
trated in deep water in winter when the sculpin the deepwater sculpin presents a number of chal- 

spawns. Alewives are known to feed on fish eggs, lenging problems. These include the postglacial dis- 
and may well include the eggs of fourhorn sculpins persal of the species and its zoogeography. 
in their diet (Wells and McLain 1973). Alewives may 

®
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Mottled Sculpin ray double; i.e., forked from base). Anal fin rays 

usually 13-15 (last ray double; i.e., forked from base). 
Pelvic fin thoracic, of 1 spine and 4 rays but appear- 

Cottus bairdi Girard. Cottus—the bull's head, an old ing as only 4 elements (the spine and first ray en- 
name of the European sculpin called miller’s cased in a single fleshy membrane); pectoral rays 
thumb; bairdi—for Spencer F. Baird, first U.S. usually 14-15. Typical scales absent, but small prick- 
Fish Commissioner. les present on sides below lateral line at level of first 

Other common names: sculpin, common sculpin, dorsal fin. Lateral line incomplete, terminating under 
Great Lakes mottled sculpin, northern mud- second dorsal fin. Chromosomes 2n = 48 (W. Le- 
dler, muddler, blob, gudgeon, muffle-jaw, bull- Grande, pers. comm.). 
head, springfish, lake sculpin, spoonhead, mil- Upper region of head, back, and sides brown to 
ler’s thumb (called miller’s thumb because its tan, with dark brown to blackish mottling; lower re- 

broad, flat head resembles the flattened thumb gion of head and belly whitish. First dorsal fin with 
of the miller who had the misfortune to have his small black spot anteriorly, and a larger black spot 
thumb crushed between millstones). posteriorly; all fins speckled randomly, or banded; 

pelvic fin least pigmented. 
Breeding male with a dark basal band on first dor- 

CS be” 7 sal fin, and a broad orange band on edge of fin; over- 
ion am all body color dark. Female lightly mottled. 

H cee % me Sexual dimorphism: In male a thin, elongated (like 

, A fi ee a ee = tip of leaf) genital papilla; in female genital papilla 
es &: 64 eg rudimentary or absent (Ludwig and Norden 1969). 

< —_ Male averages larger than females. Female with dis- 
~= tended abdomen from approximately 2 months be- 

fore spawning. 

SYSTEMATIC NOTES 
= aa In the Great Lakes region, two subspecies have been 

iy = 4 recognized (Hubbs and Lagler 1964): the northern 
ee Phe 7 aa mottled sculpin, Cottus bairdi bairdi Girard, and the 

(ez et a Great Lakes mottled sculpin Cottus bairdi kumlieni 

Ns a =a (Hoy). The northern mottled sculpin has distance be- 

~S _ tween tip of snout and anus when measured back- 
Be ward from anus extending to a point nearer base 

than end of caudal fin; in the Greal Lakes mottled 

Adult 112 mm, Tomorrow R. (Portage Co.), 21 Mar. 1959. Lateral sculpin this distance extends to a point nearer end of 

view above and dorsal view below. the caudal fin. In the latter, the body is generally 
more slender and the dark bars are less distinctly de- 

DESCRIPTION veloped. Greene (1935) recognized the Great Lakes 
Head and anterior body flattened dorsoventrally; mottled sculpin from the shores of Lake Michigan 
posterior body and caudal peduncle compressed lat- near Milwaukee and Port Washington, and near Bay- 
erally. Length 76-102 mm (3-4 in). TL = 1.23 SL. field on Lake Superior; however, he also reported 
Depth into TL 4.4-5.6. Head length into TL 3.5—4.5. records of the northern mottled sculpin in those vi- 
Snout rounded in lateral view. Mouth terminal, up- cinities. More work is needed to give such subspe- 
per lip often protruding slightly beyond lower. Nu- cific separation validity. 
merous short, blunt teeth in narrow bands on upper 
and lower jaws; palatine teeth usually present. Gill DISTRIBUTION, STATUS, AND HABITAT 
membranes broadly joined to isthmus. Upper pre- In Wisconsin, the mottled sculpin occurs in the Mis- 
opercular spine large, directed upward, and curving sissippi River, Lake Michigan, and Lake Superior 
slightly inward; lower 2 preopercular spines small, drainage basins. It is distributed in headwater streams 
directed downward, and covered by skin. Dorsal fins and large lakes. Typically a stream species, it never- 
2, narrowly connected; first dorsal fin with 6-9 soft theless avoids large sectors of the driftless area. This 

spines; second dorsal fin usually with 17-19 rays (last species inhabits the shoal waters of Lakes Michigan
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and Superior. Greene (1935) found it in 2.4% of the rubble. The distribution of the mcétled sculpin is more 
total river collections, 19.2% of the collections from dependent on available shelter than on bottom type. 
smaller streams, and 4.9% of the lake collections. 

The mottled sculpin is common in cold headwater BIOLOGY 
streams throughout the state, where it is frequently In Wisconsin, the mottled sculpin spawns in April 
the most common fish in the sample. It is common at and May. Ludwig and Norden (1969) observed 
barriers in the mouths of tributaries to Lake Superior spawning in Mt. Vernon Creek (Dane County), and 
(McLain et al. 1965). In Lake Winnebago, it is com- unless otherwise designated the following account is 
mon along the shoreline (Priegel 1967b). It is rare derived from that source. 
along the shoals of southern Lake Michigan, but be- In Mt. Vernon Creek, spawning occurred from 1 
comes more common northward. April to 3 May at water temperatures of 8.9-13.9°C 

In Wisconsin the mottled sculpin was encountered (48-57°F). The mottled sculpin nests consisted of cav- 
most frequently in clear or slightly turbid water at ities beneath flat rocks at depths of 22 cm, in areas of 
depths of 0.1-0.5 m, over substrates of sand (23% fre- sufficient current to prevent silting. Other nests were 
quency), gravel (22%), silt (16%), rubble (12%), mud observed in crevices among large gravel (5-8 cm 
(12%), boulders (8%), detritus (4%), bedrock (1%), diam), on Elodea, and in tunnels within loam mate- 
and clay (1%). It occurred in streams of the following rial. The tunnels had openings of about 4 cm diam, 
widths: 1.0-3.0 m (41%), 3.1-6.0 m (20%), 6.1-12.0 and were more than 15 cm deep. One of the deepest 
m (16%), 12.1-24.0 m (17%), and 24.1-50.0 m (8%). tunnels contained the largest egg cluster (2,874 eggs), 
It is found in pools and in medium to fast riffles in but it was not determined whether these holes were 
the vicinity of cover, which may be in the form of made by the sculpins. Entrances to the nests usually 
vegetation or of bottom materials such as gravel and faced the middle of the stream or upstream. The bot-



Mottled Sculpin 971 

toms of the nests were usually composed of small followed by shaking. The male continued to shake and un- 
gravel, although rock, sand, silt, and mixtures of dulate as the female moved past him and into the shelter, 

these were sometimes present. turned upside down and remained there. The male turned 
Each nest was occupied by a single, mature male partly upside down and his venter came into contact with 

mottled sculpin in nuptial coloration. Ludwig and the female's dorsum. His head and all his fins, except his 
Norden occasionally observed eravid and spent fe- pelvics, became jet black and his body became very pale. 

72 doa: P The male soon righted himself and placed himself across : ; . ig P 
males and umumafure sculpins in the nest with the the entrance. The female remained in the nest for several 
adult male, but in no nest was more than one mature days and was often seen in the upside-down position. Fre- 

male found. The mature males were in their nests quently the male also was seen to be upside down, pressed 
from the onset of spawning until the fry left at the against the female. 

end of May. Females remained in the nests only dur- 
ing spawning. Savage (1963) noted that, when the region of the 

Each nest was guarded by the attending male. urogenital pore became swollen, it was only a matter 
Koster (1936) reported a behavioral pattern resem- of a few hours before the female spawned. If she was 
bling the movements of the barking dog, which he isolated and unable to spawn with a male, the eggs 
called “barking”—a characteristic warning to all other were usually released; less often, the female became 
mottled sculpins from the nesting male. Koster ob- eggbound and died. 
served an encounter in which a resident male bit an At spawning the gonadal products are released 
intruding male, who returned the bite. against the roof of the nesting cavity while both 

Courtship commences when the male mottled adults are in inverted positions. The majority of the 
sculpin first sights a female. Savage (1963) noted a eggs of the mottled sculpin were laid in an initial 
ritualistic display of the head by the male, which burst, followed by the apparent slow release of more 
consisted of one or more of the following elements: eggs. Within several minutes after their release, the 
shaking, nodding, or gill-cover elevation. Undula- eggs had firmly adhered to the roof of the nest and 
tions of the body also occurred, either alone or ac- had hardened; this was indicated by the fact that the 
companying the head display. Shaking is a move- activities of the two fish no longer moved the egg 
ment of the head in the horizontal plane, and nodding mass along the surface of the roof. The female had 

is a movement in the vertical plane. The rate of left the nest by the next morning. 
movement of the head was too rapid for accurate re- The eggs were attached to the roof of the nest in 
cording. Gill-cover elevation is a forward movement clusters, which formed a fairly round, flattened mass 
of the gill covers, which results in the visual enlarge- that had 6-10 layers of eggs in the center. A mass 
ment of the head when viewed from the front. The contained an average of 1,205 eggs. Clusters were 
movements which appeared most frequently were distinguishable from one another by color variations, 
head shaking and gill-cover elevation. which indicated that more than one female had 

Ina laboratory study, the actual contact of the male spawned in each nest. There was an average of 3.3 
with the female outside the nest was also observed color clusters per egg mass in 18 nests observed 
by Savage (1963:320): (Ludwig and Norden 1969). 

Biting by the male was observed on 10 occasions and was b feces g to Savage, fhe fanning of fhe ae has 
of two types: (1) biting of the female’s cheek, side, pectoral Sern incorporated into the be! avior 0 the:male mot 

fin, or tail and (2) taking of the female’s head into the tled sculpin during encounters with females, and 
mouth. A female was never observed to bite during en- does not appear to be necessary for the proper devel- 

counters. opment of the eggs. 
Eggs in preserved mottled sculpin females from 

A ripe female always entered the nest when bitten Mt. Vernon Creek averaged 1.88 (1.50-2.06) mm 

on the head or pectoral fin. In each instance, the fe- diam. They were uniform in size and light orange- 
male turned upside down while inside the nesting yellow in color. The average number of eggs in 39 

cavity. Savage recorded the mottled sculpin’s court- females, 41-71 mm SL, was 328 (111-635). 

ship and spawning behavior (p. 321): In Mt. Vernon Creek, mottled sculpin prolarvae be- 

. . . Male A, positioned at the entrance [of the nest], shook gan to appear in the nests on 17 May. In the labora- 
and nodded vigorously and bit at the female, who turned tory, eggs at 11.1-12.8°C (52-55 F) developed eye 
away at first but soon turned back toward the shelter. Then spots in 9 days, and hatched in 17 days. Larvae were 
the male took the female’s head into his mouth, shook her, 5.9 mm TL at hatching. At 14 days, when they had 

released and bit at the female’s cheek twice. Each bite was lost their yolk-sacs and were 6.7 mm long, they left
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the nest. In Erickson and Little John lakes (Vilas Mottled sculpins from the West Gallatin River, 

County), larval mottled sculpins were sporadically Montana, had ingested mollusks (Physa and Pisidium), 
collected during May and June. Tow net data sug- insects (Ephemeroptera nymphs, Plecoptera nymphs, 
gested that larval mottled sculpins located in open Coleoptera larvae and adults, Hemiptera, Trichop- 
water areas for a short time (Faber 1967). Fish (1932) tera larvae and pupae, Diptera larvae and pupae), 

illustrated and described the 6.0-, 6.6-, 7.2-, 10-, and Hydrachnidae, fish (longnose dace, mottled scul- 
11-mm stages. pins), and the eggs of mottled sculpins. 

In Mt. Vernon Creek 6.5 months after hatching, A few cases have been reported of mottled sculpins 
male mottled sculpins averaged 37.5 mm SL, and fe- eating the eggs of trout, but evidence indicates that 
males, 33.8 mm SL (Ludwig and Norden 1969). In these eggs were improperly covered with gravel by 
central Wisconsin, young-of-year from Lyndon Creek the spawning trout. Most studies indicated that the 
were 24-28 mm TL on 26 June; in northern Wiscon- mottled sculpin feeds on invertebrates that are found 

sin, young from the Pine River (Florence County) between and underneath rocks, where they are not 
were 18-25 mm on 22-23 July. In Lake Winnebago available to most other fish (Moyle 1969). Mottled 
(Winnebago County), the young were 31-40 mm on sculpins are more or less continuous feeders. 
18 August, and in Lake Michigan shallows (Door In southern Ontario, mottled sculpins were taken 

County), they were 27-42 mm on 19 September. at average water temperatures of 16.6°C (62°F) when 
By examining the otoliths of mottled sculpins, air temperatures averaged 22.9°C (73°F) (Hallam 

Ludwig and Norden (1969) determined that, in col- 1959). In Lake Monona (Dane County), Neill (1971) 

lections made from Mt. Vernon Creek in May, age-I noted that this species tended to avoid the thermal 
males averaged 37.5 mm SL, and females, 32.7 mm plume of the Lake Monona steam generation plant. 
SL; age-II males, 59.2 mm, and females, 53.1 mm; and The unheated littoral zones, where this species oc- 

age-III males, 74.5 mm, and females, 67.9 mm. In the curred, rarely exceeded 29°C (84°F). In Lake Huron, 

Wisconsin collections, only one fish of age-IV was the behavior of mottled sculpins was affected by a 
found—a female which contained 949 eggs (Ludwig drop in water temperatures from 20 to 7°C (68 to 
and Lange 1975). 45°F) within a few seconds; the drop was caused by 

In the lower Jordan River, Michigan, the calculated a sudden underwater seiche (Emery 1970). The mot- 
total lengths of mottled sculpins at annuli 1 through tled sculpins ceased feeding, and, in the cold water, 
4 were 39.5 mm, 71.4 mm, 89.9 mm, and 87.8 mm; in often swam erratically. A number died as a result of 

the Ausable River, these lengths were 48.3 mm, 82.8 thermal stress. In Iowa streams, M. Johnson 

mm, 102.9 mm, and 102.3 mm (Quick 1971). (1971-1972) found the mottled sculpin in waters av- 

Sexual maturity is reached by some mottled scul- eraging 20°C (16-22°C). 
pins at age II. Bailey (1952) noted that all females over The large pectoral fins of the mottled sculpin are 
74 mm (2.9 in) TL were sexually mature. The largest used in darter fashion to support the body against 
male, collected from an irrigation canal which origi- the current, with the head upstream. The move- 
nated in the West Gallatin River, Montana, was 140 ments of the mottled sculpin are also darterlike in 
mm (5.4 in) TL. A large Wisconsin mottled sculpin their rapidity; they often resemble hopping. The 
(UWSP 586) is a female, 137 mm (5.4 in) TL, taken mottled sculpin hides under rocks during the major 

from Elton Creek (Langlade County) on 20 July 1966. part of the day; large growths of vegetation provide 
In the Madison area, mottled sculpins fed mainly secondary hiding places. Bailey (1952) noted that 

on amphipods, mayfly nymphs, and chironomid lar- some small mottled sculpins hide in the quiet water 
vae, and to a lesser extent on caddisfly larvae, ostra- near shore by stirring up clouds of silt which settle 
cods, copepods, cladocerans, oligochaetes, leeches, and cover them. 

plant remains, and algae (Pearse 1918). Mottled scul- During the nonbreeding season, spatial isolation 
pins from the Lt. Plover River (Portage County) had and aggressive behavior were not observed in mot- 
eaten Gammarus sp., Diptera, and Trichoptera larvae; tled sculpins in a laboratory experiment. McCleave 
one stomach contained seeds (P. Brogan, pers. comm.). (1964) captured as many as six sculpins at one time 
In the stomachs of mottled sculpins from southeast- in a 0.093-m? (1-ft?) area, and fish often were seen 

ern Wisconsin, Cahn (1927) found stonefly larvae, touching one another. In Lake Huron, mottled scul- 
small dragonfly and mayfly nymphs, chironomid pins occasionally reached densities of 2-5 per m? dur- 
and Simulium larvae, and rarely a small mollusk. A ing the daytime, when feeding activity was rare 
mottled sculpin from the Pine River (Florence County), (Emery 1973). Emery found that at night this species 
104 mm TL, contained a 51-mm central mudminnow. was more active than during the daytime, and was
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found more often in open, sandy areas. Feeding ac- populations as well. Small populations of mottled 
tivity peaked at dusk, but continued after full dark- sculpins may inhabit the lower reaches of streams 
ness. Night coloration was similar to daytime colora- which no longer support trout, or, as in Lake Win- 

tion, but was somewhat paler. nebago, lakes which support a warmwater fishery. 
In Trout Creek, Montana, where it was the most Mottled sculpins are known to form a part of the 

abundant species in the stream, the home range of diet of large brook and brown trout. Adams and 
the mottled sculpin was estimated at less than 50 m Hankinson (1926) reported that the mottled sculpin 
(McCleave 1964). The estimated population of scul- is eaten by American mergansers and northern pike. 
pins was about 1.7-2.0/m*. Homing was not exhib- Ina selection test in which equal numbers of mottled 
ited in tagging experiments. About one-third of the sculpins, creek chub, and brook trout of approxi- 
displaced sculpins homed, one-third did not move, mately the same size were presented to four mergan- 
and one-third moved away from home. The longest sers, the ducks consumed about equal numbers of 
upstream movement noted was 180 m, and the long- creek chubs and brook trout, but fewer mottled scul- 
est downstream movement was 153 m. pins (Latta and Sharkey 1966). Deason (1939) re- 

In a tributary of southern Lake Superior, mottled ported finding six mottled sculpins in the stomachs 
sculpins moved downstream chiefly in winter and of water snakes (Natrix sipedon). 
during floods (Manion 1977). Headrick (1976) pre- From time to time, both the mottled sculpin and 
sented evidence that the mottled sculpin avoided the slimy sculpin have been regarded as serious 
newly ditched areas in central Wisconsin streams, al- predators on trout eggs. Moyle (1977), in reviewing 
though some fish did invade such areas eventually, the problem of sculpin predation on salmonids, con- 
probably when vegetative cover had become estab- cluded that the limited evidence indicated that only 
lished. under exceptional artificial conditions can sculpins 

In Mt. Vernon Creek (Dane County), associates of severely limit salmonid populations through either 
the mottled sculpin were the white sucker, brown predation or competition. In fact, sculpins are com- 
trout, rainbow trout, brook trout, brook stickleback, monly an important prey of lake-dwelling salmonids, 
redside dace, and the American brook lamprey; the and occasionally of salmonids in streams. In one 

last was common only during its short spring study, the sculpin was thought to serve as a buffer 
spawning run (Ludwig and Norden 1969). In a cen- prey species for brook trout, by reducing brook trout 
tral Wisconsin tributary to the Waupaca River, I cap- predation on their own young. It is also possible that 
tured 122 mottled sculpins with the white sucker (95), sculpin predation on predacious stoneflies may in- 
largescale stoneroller (1), blacknose dace (10), creek crease the supply of drifting herbivorous insects for 
chub (46), pearl dace (19), northern redbelly dace (1), trout, and perhaps reduce stonefly predation on 
golden shiner (3), bluntnose minnow (1), fathead trout eggs and young. 
minnow (4), common shiner (160), central mudmin- The mottled sculpin is host to the glochidial stages 
now (17), johnny darter (4), pumpkinseed (3), and of the mollusks Alasmidonta calceola and Anodontoides 
brook stickleback (134). ferussicianus (Hart and Fuller 1974), and so ensures 

the continued success of these clam species. 
IMPORTANCE AND MANAGEMENT The mottled sculpin is caught incidentally by trout 
The mottled sculpin has often been called a trout in- fishermen who use worms or nightcrawlers as bait. 
dicator, and it is a fact that, where good sculpin Some trout fishermen use the mottled sculpin as bait, 
populations exist, the water generally holds trout particularly for large brown trout.
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Slimy Sculpin membranes broadly joined to isthmus. Upper pre- 

opercular spine large, directed upward, and curving 

slightly inward; lower 2 preopercular spines small, 

Cottus cognatus Richardson. Cottus—the bull’s head, directed downward, and covered by skin. Dorsal fins 
an old name of the European sculpin called 2, narrowly connected; first dorsal fin with 7-9 soft 

miller’s thumb; cognatus—related (to the Euro- spines; second dorsal fin usually with 16-18 rays (last 

pean species Cottus gobio). ray usually single). Anal fin rays usually 11-13 (last 
Other common names: slimy muddler, common ray usually single). Pelvic fins thoracic, with 1 spine 

slimy muddler, northern sculpin, sculpin, star- and 3 pelvic rays but appearing as only 3 elements 

gazer, Bear Lake bullhead, cockatouch, cottus, (the spine and first ray encased in a single fleshy 
big fin, northern miller’s thumb (called miller’s membrane); pectoral rays usually 13-14. Typical scales 
thumb because its broad, flat head resembles absent, but small patch of prickles present on sides 

the flattened thumb of the miller who had the below lateral line at level of first dorsal fin. Lateral 

misfortune to have his thumb crushed between line incomplete, terminating under second dorsal fin. 

millstones). Chromosomes 2n = 48 (W. LeGrande, pers. comm.). 

Upper region of head, back, and sides dark olive 
to dark brown, with dark mottling; often with 2 dark, 

Sta = oblique saddle marks under anterior and posterior 
. —_ parts of the second dorsal fin (especially evident in 

™ : es) young); lower region of head and belly lighter to 
‘- PR. NT bes poste Salle =] whitish. First dorsal fin darkly pigmented at base, 

= Yas with almost clear edge; remaining fins variously 
AN ts speckled, or banded as in the pectorals. 

Breeding male dark overall, with a broad, reddish- 

orange edge on spinous dorsal fin; breeding female 

lighter overall, with distended abdomen. 
Sexual dimorphism: Mature male with a subtrian- 

gular genital papilla, not present in female. 

- fx 
ms eo DISTRIBUTION, STATUS, AND HABITAT 

[jie Sy te emcee ae eal In Wisconsin the slimy sculpin occurs in the Missis- 
Nese ; 3 sippi River, Lake Michigan, and Lake Superior 

hs drainage basins. In recent years this species has been 
discovered in isolated relict populations in the Mis- 
sissippi drainage in and near the driftless area. These 
populations, except for a few in lowa and Minnesota 
tributaries to the Mississippi, appear to be widely re- 

Adult 80 mm, L. Michigan, Kewaunee Harbor (Kewaunee Co.), 7 moved from the rest of the species’ range in the Great 
Apr. 1962. Lateral view above and dorsal view below. Lakes drainage and throughout Canada. 

In 1964, slimy sculpins were collected from Citron 
Creek (Crawford County) by M. Johnson and were 

DESCRIPTION sent to the University of Michigan Museum of Zool- 
Head and anterior body flattened dorsoventrally; ogy for verification (Becker 1966). During July and 
posterior body and caudal peduncle compressed lat- August 1969, M. Johnson collected this species from 
erally. Average length 76 mm (3 in). TL = 1.24 SL (in 11 sites in southwestern Wisconsin—at 4 locales in 
Citron Creek, Crawford County); TL = 1.19 SL (in the upper Coon Creek system (Vernon and Monroe 
Lake Michigan) (Foltz 1976). Depth into TL 5.0-5.9. counties); 1 locale on Rush Creek (Crawford County), 
Head length into TL 3.6—4.5. Snout rounded in lat- a tributary to the Mississippi River; 4 tributaries to 
eral view. Mouth terminal, upper lip often protrud- the Kickapoo River (Crawford, Vernon, and Rich- 
ing slightly beyond lower. Numerous teeth in nar- land counties); and 2 locales in the Green River sys- 
row bands on upper and lower jaws; palatine teeth tem (Grant County). In 1975, this species was taken 
usually absent. Two midline mandibular pores. Gill with the mottled sculpin in Rock Creek (Barron
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County) by the Wisconsin Fish Distribution Study it does occur in the lake itself. In eastern Lake Mich- 

(1974-1975). R. M. Bailey (1956) postulated that the igan off Grand Haven, Michigan, slimy sculpins were 

slimy sculpin and the lake chub (Couesius plumbeus) almost four times as abundant in 1970 as in 1960. A 

are glacial relicts that survived in the driftless area large population of slimy sculpins was observed off 

during the Wisconsin glaciation. Saugatuck, Michigan, in 1970 (Wells and McLain 

In the Lake Michigan system, the slimy sculpin oc- 1973). 

curs in Lake Michigan and in Green Bay. In 1957, it Typical habitats of the slimy sculpin are deep, oli- 

was collected from Big Green Lake (Green Lake gotrophic lakes, or swift, rocky-bottomed streams. 

County) (V. Hacker, pers. comm.). Its presence in this Coldwater temperatures are obviously preferred, and 

deep lake suggests that other deep, inland lakes in the species is commonly found in association with 

Wisconsin may have populations of slimy sculpins. trout or salmon. In streams it appears over sub- 

In addition to its occurrence in Lake Superior, it is strates of rubble, boulders, silt, gravel, bedrock, and 

found in numerous tributaries to the lake. sand, where these are associated with dense growths 

The slimy sculpin is uncommon to common in of aquatic plants in moderate to fast currents. 

tributaries to Lake Superior. It is uncommon in In streams of southwestern Wisconsin, the slimy 

streams of southwestern Wisconsin, where it is gen- sculpin occurs in small springs and in headwater pools 

erally confined to springs and to short, spring-fed runs and riffles. It is found where the stream is 0.5-3.0 m 

of only a few meters to several hundred meters in wide and averages 13 cm deep, over substrates of 

length. Such areas are vulnerable to any number of sand, gravel, and rubble associated with abundant 

man-induced changes, including siltation. This spe- Nasturtium sp., Ranunculus sp., and filamentous al- 

cies is not known in tributaries to Lake Michigan, but gae (M. Johnson, pers. comm.).
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BIOLOGY tom is flat and quite free of debris, providing practi- 

Spawning by slimy sculpins in Wisconsin inland cally no material for nests and egg attachments. 

streams is probably similar to that of the same spe- The egg counts for 143 slimy sculpins from Lake 
cies in Valley Creek, a small Minnesota tributary to Michigan (50-105 mm TL) averaged 291 (98-660). The 
the St. Croix boundary water (Petrosky and Waters eggs of 55 fish averaged 1.81 (1.41-2.07) mm diam 

1975). There spawning occurred in late April; the (Rottiers 1965). Off Two Rivers (Kewaunee County), 
larger females appeared to have spawned first. the number of eggs averaged 270 (84-653) per fe- 

The spawning behavior of both slimy sculpins and male (Foltz 1976). In Valley Creek, Minnesota, the egg 
mottled sculpins in streams is basically the same. counts for 34 females ranged from 59 eggs in an age- 
Koster (Breder and Rosen 1966:548) made the follow- I fish which was 43 mm long to 645 eggs in an age-V 
ing general observations: fish which was 111-mm long (Petrosky and Waters 

1975). The number of eggs produced increases with 
. . . The nest consists of a cavity usually beneath some flat the size of the female. 

object. It is constructed by the male who carries the larger Fish (1932) illustrated the 18-mm stage and de- 
objects out in the mouth and washes the lighter materials scribed the 18- and 21.5-mm stages. Wells (1968) noted 

out by means.of fanning and wrigsling motions: he:males that, in Lake Michigan, larval slimy sculpins are found 
sometimes fight over nests. The fight commences with a at midlevels, tostlyan the hvpolimnion. Little else 
characteristic ‘barking’ action of the defending male and . 7 y YP \ a : 

ends with the loss of the nuptial color by the conquered is known about the young-of-year of this species, exe 
fish. The ‘barking’ actions are best likened to the barking cept that some apparently appear on the bottom in 
of a dog. The courtship commences when the male first the fall. On 4 November, catches at 46 m and 55 m 
sights a female. The male flanks and drives the female into contained 72 and 5 individuals, respectively, which 

the nest after a few seconds or more of ‘barking.’ The eggs were between 25 and 38 mm long. 
are deposited on the ceiling of the nest. Both sexes lie on The calculated lengths at the annuli for slimy scul- 

their backs, the female often being pressed between the belly pins in the upper Jordan River, Michigan, were: 1— 

of the male and the nest cover. The female leaves after 33.2 mm; 2—58.0 mm; 3—76.9 mm; and 491.9 mm; 

spawning. The males stay with the nest. Females mate but in the lower Jordan River, the calculated lengths were: 

once a season. About a month after deposition the eggs 1—45.1 mm; 2—70.3 mm; 3—90.0 mm; and 4—105.0 

hatch and the fry fall to the bottom of the nest. The yolk : f sli L 
sac is absorbed in three to six days depending upon the um (Quick 1971). The average lengths OF SHER acu 
water temperature, and the young begin to leave the nest. pins of ages I-VI from southern Lake Michigan were: 
Males of Cottus bairdii bairdii and Cottus cognatus have been 1—39.4 mm; II—49.1 mm; II]—71.8 mm; IV—83.4 mm; 
found guarding nests containing young that had already V—92.6 mm; VI—98.3 mm; and VIJ—108.0 mm 

begun to feed. (Rottiers 1965). The largest range in length within age 

groups was 45-89 mm in age-group III, and 65-109 
The spawning behavior of lake populations of slimy mm in age-group IV. 

sculpins is unknown, and may be different from that The length-weight relationship (sexes combined) 
of stream populations. In southern Lake Michigan the was determined from the postspawning specimens 
slimy sculpin began to spawn some time before 5 May, by the equation Log W = —4.336 + 2.6354 Log L, 
at which time 66.4% of the sculpins were spent (Rot- where W is weight in grams and L is total length in 
tiers 1965). By 23 May, all but one eggbound female millimeters. The annuluslike rings used in aging the 
were spent. Fish in a deepwater sample (82 m), how- otoliths are deposited between March and August in 
ever, were totally unspent as late as 26 May. Collec- Lake Michigan slimy sculpins. 
tions of ripe females from Lake Michigan suggested In southern Lake Michigan the average life expect- 
that most spawning occurred at depths of 31-82 m. ancy of slimy sculpins is between 4 and 6 years. One 
The bottom types where collections were made ranged specimen in a sample of 466 fish had reached 7 years. 
from fine sand to mud. During the 1964 season, In Lake Michigan, all slimy sculpins shorter than 
spawning peaked at 31 m early in the season, and at 55 mm (2.2 in) were immature, whereas all fish longer 
46 m somewhat later in the season. The bulk of the than 70 mm (2.8 in) were mature. No age-I sculpins 
specimens were captured in bottom water with a were mature; 13.2% had reached maturity by age II, 
temperature of 6°C (42.8°F) or less. and 89% at age III; all slimy sculpins were mature by 

According to Rottiers, in Lake Michigan the slimy age IV (Rottiers 1965). In Valley Creek, Minnesota, 
sculpin is a bottom dweller and probably deposits its one female was mature at age I, and most slimy scul- 
eggs in clumps on the bottom. In areas inhabited by pins of both sexes were mature at age II (Petrosky 
the slimy sculpin, trawl tows indicate that the bot- and Waters 1975).
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In Valley Creek, an age-V female had reached a ment of this species from one stream to another, the 
length of 111 mm (4.4 in). In Canada, the slimy scul- temperature requirements of the egg and larval stages 
pin has been reported to reach 120 mm (4.7 in) would prohibit the establishment of the species in 
(McPhail and Lindsey 1970). many streams. Johnson also suggested that the slimy 

The food of slimy sculpins inhabiting Valley Creek sculpin may require a year-round water temperature 
was similar in most respects to that of the brook trout which is fairly constant, since it is consistently found 
in the same stream. The most important food group near springs; such water is of a nearly constant 
was Gammarus, followed by Diptera larvae, Trichop- physical and chemical condition. Wells (1968) noted 
tera larvae, and snails. Feeding on Gammarus, Tri- that, in southern Lake Michigan, the slimy sculpin 

choptera larvae, and snails increased with the age of seldom occurs in waters above 10°C (50°F), and most 
the fish, whereas feeding on Diptera larvae de- often is found in waters of 4—6°C (39-43°F), except 

creased with age (Petrosky and Waters 1975). The during fall overturns when it is taken in waters up to 
slimy sculpin feeds by foraging on the bottom, while 13°C (55.4°F). 
the brook trout feeds mostly on drift. The stomachs In Lake Opeongo, Ontario, slimy sculpins at night 
of slimy sculpins from the Duluth and Apostle Is- were seen in water 3-5 m deep, resting on the sand 
lands sectors of Lake Superior contained mostly with parts of their pectoral and pelvic fins covered 
crustaceans (mainly amphipods), followed in impor- with bottom materials (Emery 1973). During the day- 
tance by chironomid larvae and other insects, core- time, they were observed at depths of 30-35 m; light 
gonid and sculpin eggs, mollusks, plant material, levels at this depth approached full darkness. When 
oligochaetes, Hirudinea, and unidentifiable material disturbed, the sculpins moved in a quick circle and 

(Anderson and Smith 1971b). then dived straight down, burying themselves in the 
In the laboratory, slimy sculpins from southeastern loose substrate. 

Lake Michigan acclimated at water temperatures of In southern Lake Michigan, the depth distribution 
5° and 15°C (41° and 59°F) had preferred temper- of slimy sculpins ranges from shore to 91 m, but it 
atures of 9° and 12°C (48° and 54°F), respectively, and may occur at depths as great as 130 m (Rottiers 1965, 
an optimum temperature of about 10°C (50°F) (Otto Wells 1968, Foltz 1976). After thermal stratification, 

and Rice 1977). Incipient upper lethal temperatures the range decreases somewhat, and the sculpins be- 
ranged from 18.5 to 23.5°C (65.3 to 74.3°F); the ulti- come more numerous between 46 and 64 m. Wells 
mate upper lethal temperature (at which 50% of the (1968) noted that in southern Lake Michigan they are 
fish died) was about 26.5°C (79.7°F). distributed over a wide depth range in the winter, 

M. Johnson (1970) compared the slimy sculpin and that they abandon shallow areas in the spring as soon 
the mottled sculpin from Wisconsin streams to deter- as the waters warm significantly, and that they con- 
mine how quickly heat narcosis (end point upon ces- tinue a gradual movement away from shore through 
sation of respiratory movements) would be reached the summer and fall. On 13 February, the greatest 
at 30°C (86°F). Fish were taken directly from their numbers of slimy sculpins were found at 18-64 m; 
natural habitats and tested immediately. Reaction after 15 March, and to the end of the year, they were 
times were significantly different for the two species: found at all depths greater than 31 m. 
the slimy sculpin succumbed in 49.3 seconds, and the In the Apostle Islands region of Lake Superior, slimy 
mottled sculpin in 60 seconds. Using a derived theo- sculpins were concentrated in deeper water than in 
retical maximum temperature for instantaneous nar- southeastern Lake Michigan (Dryer 1966). They were 
cosis, the prediction was made that, with regard to most common at depths greater than 73 m, and 
temperature tolerance, the egg and larval stages were probably the greatest numbers were at 91-108 m. No 
critical in the survival of both species. At these stages, evidence of seasonal changes in distribution could be 
the slimy sculpin would be restricted to waters of less detected. 
than 10°C (50°F), while the mottled sculpin would In southwestern Wisconsin, M. Johnson (pers. 

tolerate temperatures up to 20°C (68°F.) comm.) captured 201 slimy sculpins at 11 collection 
The summer field temperatures of slimy sculpin sites. It was the only species collected at two of the 

waters in Iowa average 14°C (57°F) [11-17°C (52-63°F)] sites, and it appeared with brown trout fingerlings at 
(M. Johnson 1971-1972). Unpublished data collected three sites, although Johnson noted that other sites 
from southwestern Wisconsin waters indicated an also contained trout which were too elusive to catch 
average summer water temperature of 13.8°C (56.8°F). in a seine. The number of individuals associated with 
Johnson postulated that, although winter water tem- the slimy sculpin at these sites were (number of col- 
peratures in the upper Midwest would allow move- lection sites given in parentheses): 38 longnose dace



978 Sculpin Family—Cottidae 

(4), 29 blacknose dace (4), 15 creek chubs (4), 14 brook at the time of hatching. Koster (1937) noted that there 

sticklebacks (3), 9 stonerollers (sp.?) (3), 17 fantail was virtually no evidence that slimy sculpins fed upon 
darters (2), 3 white suckers (2), and 1 johnny darter the eggs of lake trout and brook trout, and that only 

(1). Although the slimy sculpin and the mottled scul- in rare instances did they prey upon young brook 
pin were not taken together in that collection series, trout. Greeley (1932) suggested that sculpins prob- 

equal numbers of the two species appeared in a Rock ably feed only on loose trout eggs that have not been 
Creek (Barron County) collection (Wis. Fish Distrib. buried in the nests. In Valley Creek, Minnesota, where 

Study 1974-1975). In Valley Creek, Minnesota, the slimy sculpins 5 cm or longer were present in densi- 
only species occurring in the study area besides the ties of about 7000/ha, no trout eggs were found in 
slimy sculpin were the brook trout, brown trout, the stomachs examined (Petrosky and Waters 1975). 
rainbow trout, and the American brook lamprey (Pe- In Wisconsin, the slimy sculpin has little or no value 
trosky and Waters 1975). as a bait minnow. According to Scott and Crossman 

(1973), in the Nipigon waters, Ontario, it is a favorite 
IMPORTANCE AND MANAGEMENT brook trout bait, and many of the trout that won the 
Before the decline of the lake trout in Lake Michigan, Nipigon Trophy were caught on “cockatouch.” 
the slimy sculpin was an important item in the diet In the upper Jordan River, Michigan, Quick (1971) 
of the large salmonids. Van Oosten and Deason (1938) estimated a density of slimy sculpins at 85,045 fish/ 
noted that, in Lake Michigan and in Green Bay, 7.7% ha; in the lower Jordan River, at 589 fish/ha. In Valley 
of the lake trout stomachs containing food held slimy Creek, Minnesota, Petrosky and Waters (1975) calcu- 
sculpins, and that in southern and northern Lake lated the density of slimy sculpins during the study 
Michigan, 1.6% of the burbot containing food held period at about 20,000/ha. Comparisons with annual 
slimy sculpins. production estimates for brook and rainbow trout 

The slimy sculpin has been accused of being a made previously suggested a normal total annual 
significant predator on salmonid eggs and larvae. production for all fishes of about 200 kg/ha, with 
Clary (1972) reported predation on hatching brown sculpins contributing about one-third and trout about 
trout eggs and sac-fry by the slimy sculpin, but only two-thirds to the production.
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Spoonhead Sculpin spine and first ray encased in a single fleshy mem- 
brane); pectoral fins very large, 14-16 rays. Typical 
scales absent, but top of head and upper body more 

Cottus ricei (Nelson). Cottus—the bull’s head, an old or less covered with small prickles. Lateral line com- 

name of the European miller’s thumb; ricei—after plete. 
its discoverer, M. L. Rice, then a student in zo- Upper region of head and body light brown and 

ology at Northwestern University in Evanston, tan, mottled with small dark speckles; ventral region 

Illinois. of head and belly yellowish. Young occasionally with 
Other common names: spoonhead muddler, Rice’s 4 dark saddle marks, the first 3 through base of sec- 

sculpin, cow-faced sculpin. ond dorsal fin, the fourth on caudal peduncle. All fins 
lightly speckled, except pelvics which are clear. Dis- 
tinct, narrow, vertical bar at caudal fin base. 

Ee Pan Sexual dimorphism: Adult male with short, broad 
Py A Li < e GE triangular genital papilla; much reduced in female. 

- : —<— SYSTEMATIC NOTES 
a = The spoonhead sculpin was described from a speci- 
oN men found on the shore of Lake Michigan near 

Evanston, Illinois (Nelson 1876). It is a distinctive 

sculpin with an unconfused taxonomy (McPhail and 
Lindsey 1970). Perhaps its closest relative is one of 
the Old World sculpins, Cottus sibiricus, C. spinulosus, 
or C. gobio. 

F DISTRIBUTION, STATUS, AND HABITAT 
ey # According to McPhail and Lindsey (1970), the 

Ba ae eee - — spoonhead sculpin probably survived glaciation in the 

sf io i, deeper waters of turbid rivers in the upper Missis- 
Pages ah se sippi basin. It moved northward in the wake of the 

Sa retreating ice, and apparently died out in the south- 
=f we ern portion of its original range. Although its toler- 

ance of brackish waters is evidenced by its occur- 
rence around Akimiski Island in James Bay, it has not 

5 : extended its range up the east side of Hudson Bay. 
feu ae po el sluneior.July18g8: bat McPhail and Linclsey wrote: “In fact the distribution 

of this species is unique, and the factors governing 
DESCRIPTION its dispersal are unknown.” 
Head and anterior body flattened dorsoventrally; In Wisconsin, the spoonhead sculpin occurs in 
posterior body and narrow caudal peduncle com- Lakes Michigan and Superior. In Lake Michigan it 
pressed laterally. Average length 62 mm (2.4 in). TL reaches the southern limit of its distribution. 
= 1.20 SL. Depth into TL 5.1-6.2. Head spadelike in The spoonhead sculpin is uncommon in Lake Su- 
dorsal view; head length into TL 3.3-4.3. Snout flat perior, and rare to depleted in Lake Michigan. Ac- 
in lateral view. Mouth terminal, small. Single mid- cording to Wells and McLain (1973), the spoonhead 

line mandibular pore. Numerous teeth in narrow sculpin, which once was common lakewide in Lake 
bands on upper and lower jaws; palatine teeth ab- Michigan, has continually decreased in numbers and 
sent. Gill membranes broadly joined to isthmus. Up- is now rare or absent in the southern portion of the 
per preopercular spine well developed, and hooked lake. Several specimens were observed in trawl 
or curved upward and backward. Dorsal fins 2, al- catches made by the Great Lakes Fishery Laboratory 
ways narrowly connected, but sometimes fins widely in that area in 1954, but none were seen in extensive 
separated; first dorsal fin small with 7-9 soft spines; trawling in 1960 and in 1964-1971. Although an oc- 
second dorsal fin usually with 16-18 rays. Anal fin casional spoonhead sculpin might have been over- 
rays usually 12-14. Pelvic fins thoracic, of 1 spine and looked among slimy sculpins, it is doubtful that many 
4 pelvic rays but appearing as only 4 elements (the would have gone undetected. The present status of
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the spoonhead sculpin in northern Lake Michigan is waters of lakes. Most northern collections are from 
not known; one was caught by trawl off Ludington, the shallows of large, muddy rivers; a few are taken 
Michigan, in 1971. No causes have been suggested from lakes, and a few from tide pools in James Bay 
for the apparent disappearance of the spoonhead (McPhail and Lindsey 1970). 
sculpin from southern Lake Michigan. 

Over its range, the spoonhead sculpin is not known BIOLOGY 
to be strikingly abundant or successful anywhere, It is not known when the spoonhead sculpin spawns, 
despite the diversity of its habitats (McPhail and but recent evidence suggests that it occurs in late 
Lindsey 1970). In Michigan it is rare and depleted; in summer or early fall. Delisle and Van Vliet (1968) re- 
Montana it is rare; and in Ohio it is depleted (Miller ported that milt was exuded, under slight pressure, 
1972). from males caught 1 August at a depth of 42.7 m in 

In Lake Michigan, the spoonhead sculpin occurs Pemichangan Lake, Quebec. At that depth the water 
from shallows to depths of 134 m, and in Lake Su- temperature was 4.5°C (40°F). Scott and Crossman 
perior it is found at depths of 37-110 m (Deason 1939, (1973) noted that Ontario specimens contained larger 
Dryer 1966). In the Great Lakes basin, it has been re- eggs in August than in June or July, and that they 
corded from inland lakes only on Isle Royale and from contained exceedingly small eggs in December. 
Lake Charlevoix, Michigan. In the southern part of In Lake Superior (Ashland County), an 84-mm, 
its range, this species is not known from any of the 7.54-g female spoonhead sculpin, collected 29 April, 
smaller lakes and streams, but in Canada, inland and had ovaries 13.3% of the body weight; she held 638 
northward, it has been caught in small, swift streams, orange eggs, which averaged 1.4 (1.0-1.7) mm diam. 
turbid rivers, and the inshore shallows and deeper A 68-mm, 3.14-g female from the same collection had
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ovaries 8.2% of the body weight; she held 357 yellow stricted to the deeper water, and no fish have been 
to orange eggs, which averaged 1.12 (1.0-1.3) mm taken in water shallower than 37 m. The abundance 
diam. of the species increases with depth to 73-90 m (Dryer 

Fish (1932) illustrated and described the 27.5-mm 1966). In Lake Michigan, Hubbs reported (unpub- 

stage from Lake Erie. The maximum size known for lished) that he collected several half-grown individ- 
a spoonhead sculpin is a 134-mm (5.3-in) TL fish uals from about 0.3 m of water near the head of the 
which was caught in gill nets in Pemichangan Lake, east arm of Grand Traverse Bay, and one individual 
Quebec (Delisle and Van Vliet 1968). Eleven spoon- from near the shore at Jackson Park, Chicago (Dea- 

head sculpins, taken at 91 m from the Apostle Is- son 1939). 
lands region of Lake Superior by trawl, ranged from 
43 to 84 mm (1.7 to 3.3 in) TL. IMPORTANCE AND MANAGEMENT 

The diet of 77 spoonhead sculpins from the Du- Historically, the spoonhead sculpin was preyed on by 
luth-Superior sector of Lake Superior and of 64 lake trout and burbot in Lake Michigan. Van Oosten 
spoonheads from the Apostle Islands was domi- and Deason (1938) noted that, in Lake Michigan and 
nated by crustaceans; it also included insects, fish in Green Bay, 3.8% of the lake trout stomachs and 
eggs, and other material (Anderson and Smith 1971b). 6.6% of the burbot stomachs containing food held 
Amphipods were the principal food of the spoon- spoonhead sculpins. According to Deason, as many 
heads in both areas during all months. Mysis and co- as 33 spoonhead sculpins were found in a single 
pepods were consumed in lesser amounts in the two stomach. Deason (1939) reported that the spoonhead 
areas, and isopods were eaten only at Duluth-Supe- sculpin was found in the stomachs of lake trout and 
rior. The consumption of insects (primarily chiron- burbot captured in gill nets at 24-134 m. Spoon- 
omids), was not as important in the Apostle Islands heads have also been reported from the stomach of a 
region as it was in the Duluth-Superior area. Core- whitefish caught in Charlevoix Lake, Michigan. As a 
gonid eggs were eaten during April and May in both result of its disappearance from southern Lake Mich- 
areas. Plant material, oligochaetes, Hirudinea, and igan and its depletion in northern Lake Michigan, the 
unidentified material constituted the balance of the spoonhead sculpin’s use as a forage fish is limited. 
stomach contents of spoonheads in both areas. Scott and Crossman (1973) noted that the spoon- 

The spoonhead sculpin tolerates fresh and brack- head sculpin is of interest zoogeographically, since its 
ish waters. presence in a body of water provides information on 

In Lake Superior, the spoonhead sculpin is re- the geological or glacial history of the region.
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Page numbers in italic type refer to color illustrations; page numbers in bold face type refer to species accounts. 

Acipenser, 219 American perch, 886 

fulvescens, 221-226. SEE A.so lake sturgeon American roach, 432 

Acipenseridae, 65, 219 American shad, 35 
acutus, Notropis atherinoides, 505 American smelt, 379 

aestivalis, Alosa, 265 americanus vermiculatus, Esox, 393-397. SEE ALSO grass pickerel 

aestivalis, Hybopsis, 495-498. SEE ALso speckled chub Amia calva, 251-254. SEE aLso bowfin 

aestivalis aestivalis, Hybopsis, 495 Amiidae, 66, 249-250 
aestivalis australis, Hybopsis, 495 Ammocrypta, 158, 869, 870, 907 

aestivalis hyostomus, Hybopsis, 495 asprella, 915-917. SEE ALso crystal darter 

aestivalis marconis, Hybopsis, 495 bifascia, 920 

aestivalis sterletus, Hybopsis, 495 clara, 918-920. SEE ALSO western sand darter 

aestivalis tetranemus, Hybopsis, 495 pellucida, 918 
albus, Scaphirhynchus, 219 amnis, Notropis, 502-504. SEE ALSO pallid shiner 

alewife, 27, 32, 35, 87, 175, 263, 265-269, 273, 333, 349, 878; entrain- amnis amnis, Notropis, 502 
ment mortality of, 14; as egg predator, 267, 968; as forage, 289, amnis pinnosa, Notropis, 502 

301, 310, 314, 326, 338, 381, 749, 890; as competitor, 360, 509, Anguilla, 255 

782, 966; as associate, 466, 691, 744, 968; predation on eggs of, anguilla, 259, 260 

507, 543; fishery of, 609 rostrata, 257-261. SEE ALSo American eel 

Alosa aestivalis, 265 Anguillidae, 66, 255 

alosa, 265, 270 anisurum, Moxostoma, 661-664. SEE ALSO silver redhorse 

chrysochloris, 270-272. SEE Aso skipjack herring anogenus, Notropis, 558-561. SEE ALSO pugnose shiner 

pseudoharengus, 265-269. SEE ALSO alewife anomalum, Campostoma, 476-480. SEE ALSO central stoneroller 
sapidissima, 35 anomalum pullum, Campostoma, 477, 481 

alosoides, Hiodon, 281-283. SrE ALso goldeye annularis, Pomoxis, 857-862. SEE ALSO white crappie 

alpenae, Coregonus, 353-355. SEE ALSO longjaw cisco Aphredoderidae, 69, 733, 739 
Ambloplites, 799 Aphredoderus sayanus, 735-738. SEE ALSO pirate perch 

rupestris, 852-856. SEE ALSO rock bass Aplodinotus grunniens, 957-962. SEE ALSO freshwater drum 

amblops, Hybopsis, 502 Appaluchion, 728 

Amblyopsidae, 733, 739 appendix, Lampetra, 216-218. SEE ALso American brook lamprey 

American bream, 432 arctic grayling, 288 

American brook lamprey, 32, 78, 80, 174, 211, 216-217; spawning arcticus, Thymallus, 288 

behavior of, 206; as associate, 207, 295, 449, 681, 901, 925, 973, Arkansas river shiner, 547 

978; predation on eggs of, 935 artedii, 352 
American eel, 32, 37, 175, 257-261; as prey, 202; as predator, 382 artedii, Coregonus, 341-346. SEE ALSO cisco (or lake herring) 
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asprella, Ammocrypta, 915-917. SEE ALso crystal darter northern largemouth, 809 
asprigene, Etheostoma, 937-939. SEE ALSO mud darter northern rock, 852 

asprigenis, Poecilichthys jessiae, 937 northern smallmouth, 801 

Aspro, 937 Oswego, 801, 809, 863 

Atherinidae, 74, 767 redeye, 852 

atherinoides, Notropis, 505-509. SEE Atso emerald shiner redeyed, 801 
atherinoides acutus, Notropis, 505 rock, 852-856. SEE ALSO rock bass 

atherinoides atherinoides, Notropis, 505 sand, 822 

Atlantic eel, 257 silver, 789, 857, 863, 957 

Atlantic salmon, 19, 90, 92, 96; introduction of, 35, 288, 290; as egg slough, 809 
predator, 375 smallmouth, 801-808. SEE ALSO smallmouth bass 

atratulus, Rhinichthys, 467-471. SEE ALso blacknose dace smallmouth black, 801 
atratulus meleagris, Rhinichthys, 467 speckled, 863 

atromaculatus, Semotilus, 437-441. SEE ALSO creek chub spotted, 801 

atromaculatus atromaculatus, Semotilus, 437 spotted black, 731 

atromaculatus thoreauianus, Semotilus, 437 strawberry, 844, 857, 863 

auratus, Carassius, 428-431. SEE ALso goldfish striped, 787, 789, 794 
australis, Hybopsis aestivalis, 495 sun, 828 

warmouth, 817 

bachelor, 857 weed, 817 

back, hairy, 273 white (Morone chrysops), 789-793. SEE ALSO white bass 

bairdi, Cottus, 969-973. SEE ALSO mottled sculpin white (Pomoxis annularis), 857 
bairdi bairdi, Cottus, 969 wood, 817 

bairdi kumlieni, Cottus, 969 yellow (Micropterus dolomieui), 801 

baitnet buffalo, 625 yellow (Morone mississippiensis), 794-797. SEE ALSO yellow bass 
Baltimore minnow, 428 bass-bluegill stocking, 816 

banded darter (Etheostoma caeruleum), 932 basses, sea, 787 

banded darter (Etheostoma zonale), 163, 195, 533, 929-931; as asso- bass-golden shiner stocking, 816 
ciate, 424, 475, 552, 590, 807, 936, 939 bastard buffalo, 621 

banded darter, eastern, 929 bay mullet, 661 

banded killifish, 148, 190, 533, 755-758; as associate, 706; as forage, bayou bass, 809 

758 Bear Lake bullhead, 974 

banded killifish, eastern, 755 beaverfish, 251 

western, 755 beetle-eye, 725 
banded sunfish, 852 bifascia, Ammocrypta, 920 

bankers, 330 bigeye, 361 
banklick bass, 863 bigeye chub, 33 
barfish, 794, 863 big-eyed herring, 265 

barred fantail, 544, 931 bigeye shiner, 33 

barred fantail darter, 945 big fin, 974 

barred minnow, 755 big-headed darter, 912 

bass(es), 23, 26, 28, 29, 152, 574, 649; parasites of, 39, 40; bait for, bigheaded sucker, 678 

390, 436, 480, 488, 508, 599, 604, 668, 727; as forage, 400, 424, big-jawed sucker, 674 

435, 462, 717, 765, 805, 838; as predators, 686, 807, 832, 867; as bigmouth bass, 809 

game fishes, 800. SEE ALso black bass bigmouth buffalo, 32, 131, 133, 187, 615-620, 627, 629; as associate, 

bass, banklick, 863 396, 424, 435, 504, 577, 590, 624, 867; as predator, 618; habitat 

bayou, 809 of, 623, 628 
bigmouth, 809 big-mouthed shiner, 545 

black, 801, 809 bigmouth shiner, 115, 126, 184, 545-548, 562, 564, 566; as associate, 

blackstriped, 794 396, 424, 441, 445, 449, 458, 470, 488, 498, 501, 522, 529, 536, 
blue, 822 552, 557, 565, 585, 590, 594, 604, 632, 681, 727, 797, 842, 861, 

brassy, 794 902, 911, 925, 936, 949; as forage, 441, 548 

brown, 801 bigmouth shiner, central, 545 

butter, 863 eastern, 545 

calico, 857, 863 western, 545 
German, 419 bigscale sucker, 665 

gold, 794 biguttatus, Hybopsis, 485 
grass, 863 biguttatus, Nocomis, 485-488. SEE ALso hornyhead chub 

gray, 957 billfish, 244 

green, 801, 809 billy gar, 241, 244 

lake, 809 biological control, 243, 248, 269, 815; of fish, 254, 315, 404, 732, 751, 
largemouth, 809-816. SEE ALso largemouth bass 825, 833, 850, 851, 868, 878, 893; of aquatic vegetation, 418, 424; 

largemouth black, 809 of mosquitoes or blackflies, 436, 470-471, 475, 762, 773, 781, 

mud, 817 832, 843
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bitterhead, 432, 863 black sucker, 642, 678, 682, 688 

blackback tullibee, 364 black sunfish, 817 

blackband topminnow, 759 blacktail shiner, 557 

black bass, 22, 39, 424, 787, 801, 809, 935; as predator, 301, 599, bleeding shiner, 579 

668, 758; bait for, 513, 522, 590, 721; predation on eggs of, 598, blennioides, Etheostoma, 33, 869 

910; palatability of, 892. SEE Aso bass(es) blennius, Notropis, 527-529. SEE ALso river shiner 

black bass, largemouth, 809 blennius blennius, Notropis, 527 

smallmouth, 801 blennius jejunus, Notropis, 527 

spotted, 731 bloat, 356 

black brook lamprey, small, 216 bloater, 37, 101, 177, 333, 356-360, 361; as forage, 332, 749; effects 
black buffalo, 37, 134, 187, 621-624; as associate, 614, 619, 636; hab- of, 349; as associate, 352, 363, 365; as egg predator, 358 

itat of, 628 blob, 969 

black bullhead, 24, 145, 189, 423, 425, 533, 697-701, 706, 710, 727, deepwater, 965 

738, 780, 806; as associate, 390, 424, 435, 491, 526, 539, 544, blood sucker, 201, 204 

574, 577, 604, 645, 681, 691, 706, 710, 721, 738, 744, 826, 832, blower, mud, 747 

839, 842, 877, 902, 920, 928, 943, 954 blowfish, 871 

black cat, 697 blue and orange sunfish, 834 

black catfish, 697 blueback, 307, 341 

black-chinned minnow, 537 blueback tullibee, 341 

blackchin shiner, 33, 124, 126, 184, 537-539, 560, 561; as forage, blue bass, 822 

395, 539; as associate, 561, 943 blue bream, 844 

black crappie, 23, 151, 193, 773, 851, 857, 858, 860, 861, 863-868; as blue buffalo, 615, 621 

forage, 202, 243, 247, 401, 410, 813, 876, 883; as associate, 396, blue cat, 712 

435, 491, 494, 504, 513, 522, 529, 536, 552, 561, 565, 577, 590, blue catfish, 32, 33, 143, 694-695, 697, 702, 708, 712, 728 

614, 628, 632, 636, 641, 645, 738, 762, 793, 821, 826, 842, 844, blue darter, 932 
861, 877, 917, 920, 931; as predator, 568, 586, 849, 954; abun- bluefin, 352, 364 

dance of, 833, 849, 861, 862. SEE ALSO crappie(s) bluefin cisco, 350 

blackear bream, 844 bluefish, 611 

blackeyed topminnow, 763 bluegill, 12, 21, 155, 157, 192, 254, 533, 574, 648, 821, 825, 829, 832, 
blackfin chub, 364 837, 844-851, 864, 868; parasites of, 38, 39; as forage, 242, 243, 

blackfin cisco, 36, 98, 102, 333, 352, 364-366 247, 253, 294, 310, 395, 401, 409, 410, 716, 732, 805, 813, 860, 

blackfin tullibee, 364 866; as egg predator, 248, 804; as associate, 319, 396, 424, 435, 

blackfish, 251 480, 488, 491, 498, 516, 522, 529, 565, 577, 581, 590, 594, 599, 
blackhead minnow, 600 628, 632, 641, 645, 673, 738, 762, 797, 814, 821, 861, 867, 877, 

blackhorse, 611, 653 920, 939; as predator, 402, 408, 717, 718, 772, 805; control of, 

black lamprey, small, 216 404, 413, 878; bait for, 462, 473; winterkill of, 721, 890, 943; as 

blackmouth, 312 competitor, 808, 843; drawdown effects on, 813; thinning of, 

black mullet, 653, 682 815, 833; homing of, 826; abundance of, 833, 886; palatability 

blacknose dace (Notropis heterolepis), 572 of, 892 
blacknose dace (Rhinichthys atratulus), 109, 110, 180, 467-471; as trout bluegill, common, 844 

indicator, 295; as associate, 295, 390, 396, 441, 445, 449, 454, northern, 844 

461, 501, 536, 539, 544, 548, 585, 604, 681, 710, 727, 762, 901, bluegill bream, 844 
911, 925, 936, 973, 978; as forage, 389, 401, 462; spawning of, bluegill sunfish, 844 

440, 487; as egg predator, 469, 470, 680, 935 northern, 844 

blacknose dace, western, 467 blue herring, 270 

black-nosed minnow, 572 blue lamprey, 201 

black-nose shiner, 124, 185, 533, 572-574; as forage, 401; as asso- blue minnow, 549 
ciate, 454, 539, 544, 561, 565, 599, 604, 706, 710, 744, 807, 832 bluemouth sunfish, 844 

blacknose shiner, northern, 572 blue-nosed chub, 595 

black perch, 822 blue pickerel, 880 

black redhorse, 32, 36, 142, 188, 610, 653-656 blue pike, 871, 880 

blackside darter, 167, 194, 533, 898-902; as associate, 449, 488, 526, blue pikeperch, 880 

548, 568, 604, 640, 660, 668, 681, 797, 807, 839, 897, 906, 920, blue rooter, 621 
936; spawning of, 487, 914 blue router, 621 

blacksided darter, 898 blue-spotted sunfish, 822 

black-sided minnow, 572 blue sucker (Cycleptus elongatus), 37, 47, 130, 186, 611-614; as asso- 

blackspot chub, 437 ciate, 552, 636; abundance of, 622 

blackspotted topminnow, 928 blue sucker (Moxostoma duquesnei), 653 

black stickleback, 777 blue sunfish, 844 

blackstriped bass, 794 blunt-jawed minnow, 587 

black-striped minnow, 537 bluntnose darter, 32, 37, 159, 162, 195, 926-928 

blackstripe topminnow, 33, 148, 191, 533, 759-762; as forage, 247; blunt-nosed darter, 926 

as associate, 517, 522, 552, 836, 842 blunt-nosed minnow, 572, 595 

black sturgeon, 221 bluntnose minnow, 110, 120, 186, 533, 595-599; as associate, 295,
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bluntnose minnow (continued) brown buffalo, 615, 625 

424, 435, 441, 449, 458, 466, 480, 488, 494, 501, 504, 508, 513, brown bullhead, 146, 189, 202, 698, 702-707, 708, 710, 711; as egg 

517, 522, 526, 536, 539, 544, 548, 552, 557, 561, 565, 568, 577, predator, 345, 375; as forage, 401, 813; as associate, 529, 632, 
581, 585, 590, 594, 604, 614, 636, 645, 660, 668, 681, 700, 706, 649; as predator, 891 

721, 727, 744, 762, 781, 792, 797, 839, 842, 849, 855, 897, 901, brown bullhead, northern, 702 

911, 914, 917, 920, 925, 931, 936, 943, 949, 973; as forage, 395, brown catfish, 697, 702, 708 
866; as egg predator, 487, 837 brownie, 291 

bluntnose river carp, 638 brown lamprey, 308 

Boleosoma chlorosomum, 926 brown trout, 21, 35, 42, 92, 97, 175, 205, 291-297, 302, 303, 892; 

bonito, 251 introduction of, 35, 288, 289; as forage, 210, 401, 978; as pred- 

bony sturgeon, 221 ator, 213, 310, 441, 475, 586, 727, 786, 973; as associate, 216, 
Boston eel, 257 319, 470, 691, 973, 977, 978 

bottlefish, 463 brown trout, English, 291 
bowfin, 29, 42, 54, 66, 175, 249-250, 251-254, 943; as prey, 202; as European, 291 

predator, 424, 772, 781, 884, 891; as associate, 529, 632, 821, German, 291 

861 Scotch, 291 

branch herring, 265 bubalus, Ictiobus, 625-629. SEE ALSO smallmouth buffalo 

brassy bass, 794 bubbler, 957 

brassy minnow, 127, 186, 533, 582-586; as associate, 390, 441, 449, buchanani, Notropis, 570-571. Ser Atso ghost shiner 

454, 461, 498, 536, 539, 548, 594, 604, 645, 781, 797, 832 buchanani, Notropis volucellus, 566, 570 

bream, 432, 828, 844 buckeye shiner, 505 

American, 432 buffalo(es), 22, 31, 131, 234, 961 
blackear, 844 buffalo, baitnet, 625 

blue, 844 bastard, 621 

bluegill, 844 bigmouth, 6..-620. SEE ALso bigmouth buffalo 
coppernosed, 844 black, 621-624. SEE ALso black buffalo 

breeding tubercles, 416, 870 blue, 615, 621 

breme, 630 brown, 615, 625 

breviceps, Moxostoma macrolepidotum, 666, 668 buglemouth, 621 
bridge perch, 857 bullhead, 615 

brindled madtom, 719 bullmouth, 615 

broad mullet, 630 bullnose, 615 

broadnosed gar, 241 channel, 625 

bronzeback, 801 chubnose, 615 

bronze minnow, 451 chucklehead, 621 

brook-brown trout hybrid. See tiger trout, 176 current, 621 
brook chub, 437 deepwater, 621 

brookie, 316 gourdseed, 615 
brook lamprey, 201, 204, 216 humpback, 625 

brook lamprey, American, 216-218. SEE ALso American brook lam- lake, 615 
prey liner, 625 

Michigan, 204 mongrel, 621 

northern, 204-207. See atso northern brook lamprey mud, 615 

small black, 216 prairie, 621 

brook minnow, 467 pugnose, 615 

brook silverside, 191, 769-773; as forage, 247, 400, 791, 792; as as- pumpkinseed, 621 

sociate, 396, 435, 491, 498, 504, 529, 577, 594, 628, 632, 641, quillback, 625 
762, 797, 807, 861, 867, 920 razorback, 625 

brook stickleback, 149, 191, 533, 775, 777-781; as forage, 283, 401, redmouth, 615 

410; as associate, 319, 390, 445, 449, 454, 461, 466, 470, 544, roachback, 625 

548, 565, 568, 585, 604, 710, 914, 973, 978 round, 621, 625 

brook sucker, 682 roundhead, 615 

brook trout, 20, 21, 23, 41, 91, 93, 97, 176, 204, 205, 288, 289, 297, slough, 615 

310, 316-322, 435, 466, 892, 954, 978; as associate, 216, 445, smallmouth, 625-629. SEE ALSO smallmouth buffalo 

449, 454, 475, 522, 568, 585, 681, 727, 839, 901, 973, 978; habitat stubnose, 615 

of, 288, 292, 296; as predator, 382, 454, 462, 475, 586, 686, 744, suckermouth, 625 

781, 786, 973; predation on eggs of, 441, 686, 690, 978; as for- thicklipped, 625 

age, 441, 973 trumpet, 615 

brook trout, coaster, 316 white, 615 

common, 316 buffalofish, common, 615 
eastern, 316 buglemouth, 419 

brownback whitefish, 369 buglemouth buffalo, 621 
brown bass, 801 bugler, 621
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bullhead(s), 12, 13, 15, 808, 848, 849, 943; parasites of, 39, 40; as crucian, 430 

forage, 441, 716, 731, 792, 866, 879; as other common name, European, 419 

697, 702, 719, 969; as associate, 814, 821 German, 419 

bullhead, Bear Lake, 974 golden, 428 

black, 697-701. SEE ALso black bullhead grass, 417-418 

brown, 702-707. SEE ALso brown bullhead humpbacked, 638 

common, 697, 702 Israeli, 623 

deepwater, 725 lake, 630 

marbled, 702 leather, 419 

Mississippi, 708, 728 mirror, 419 

mongrel, 725 quillback, 638 
northern brown, 702 river, 638 

northern yellow, 708 silver, 630, 638 

speckled, 702 silvery, 634 
white-whiskered, 708 sucking, 540 

yellow, 708-711. SEE Aso yellow bullhead white, 625, 630, 634, 638 
yellow belly, 697 carpio, Carpiodes, 634-637. SEE ALSO river carpsucker 

bullhead buffalo, 615 carpio, Cyprinus, 419-427. SEE ALSO common carp 

bullhead catfishes, 51, 67, 143, 693-695, 758 Carpiodes, 130, 608, 618 

bullhead minnow (Pimephales notatus), 595 carpio, 634-637. SEE ALSO river carpsucker 

bullhead minnow (Pimephales vigilax), 33, 121, 186, 591-594; as for- cyprinus, 630-633, 638. SEE ALSO quillback 

age, 422, 441, 727; as associate, 424, 435, 498, 504, 522, 529, cyprinus cyprinus, 630 

552, 565, 577, 590, 614, 628, 632, 636, 640, 645, 762, 797, 861, cyprinus hinei, 630 
920 difformis, 638 

bullmouth buffalo, 615 forbesi, 630 

bullnose buffalo, 615 velifer, 638-641. SEE Aso highfin carpsucker 
bullpout, 702 carpsucker(s), 31, 130, 234; as other common name, 630, 634, 638 

buoy tender, 621, 623 carpsucker, central quillback, 630 

burbot, 31, 40, 190, 202, 213, 214, 340, 355, 745, 747-751, 875; as eastern, 630 
associate, 327, 691; as predator, 339, 355, 363, 371, 382, 466, highfin, 638-641. SEE ALso highfin carpsucker 

494, 508, 599, 686, 744, 786, 884, 891, 893, 911, 925, 960, 968, northern, 634 

978, 981; as egg predator, 375; as forage, 381, 883 northern quillback, 630 

burnstickle, tiny, 782 quillback, 630 

butter bass, 863 river, 634-637. SEE ALSO river carpsucker 
butterfish, 432 castaneus, Ichthyomyzon, 208-210. SEE ALso chestnut lamprey 

cat, 712 

black, 697 

caeruleum, Etheostoma, 932-936. SEE ALSO rainbow darter blue, 712 

calico bass, 857, 863 channel, 712 

California grunion, 767 chucklehead, 712 
calva, Amia, 251-254. SEE ALso bowfin duckbill, 233 

campbellite, 857 granny, 728 
Campostoma, 5 Johnny, 728 

anomalum, 476-480. SEE ALSO central stoneroller lady, 712 

anomalum oligolepis, 481-482 marble, 702 

anomalum pullum, 477, 481 Mississippi, 728 

oligolepis, 5, 108, 181, 477, 481-484. SEE atso largescale stone- Morgan, 728 

roller Opelousas, 728 

canadense, Stizostedion, 880-885. SEE ALSO sauger pied, 728 

canals, effects of, 265 red, 702, 706 
cannibalism. SEE egg predation shovelhead, 728 

caprodes, Percina, 907-911. SEE ALSO logperch shovelnose, 728 
caprodes caprodes, Percina, 907 speckled, 702 

caprodes semifasciata, Percina, 907 spoonbill, 233 
Carassius auratus, 428-431. SEE ALSO goldfish spotted, 712 

carp(s), 13, 31, 33, 107, 415, 430, 431, 706, 802, 961; rescue and tadpole, 719 

transfer of, 22; as forage, 202, 396, 424; pituitary extracts of, white, 712, 725 

408; as food fish, 416-417; control of, 620, 701, 945; as other willow, 712 

common name, 419, 630, 682; as bait, 732; effects of, 816; as yellow, 708, 728 

egg predator, 878. SEE ALSO common carp yellowbellied, 708 
carp, bluntnose river, 638 cataractae, Rhinichthys, 472-475. SEE Aso longnose dace 

coldwater, 630 catfish(es), 13, 18, 21, 234, 261, 480, 488; rescue and transfer of, 22; 

common, 419-427. SEE ALSO common carp as forage, 201, 731, 805; as egg predator, 224, 424; as predators,
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catfish(es) (continued) Chinese sturgeon, 231 

272, 390, 396; commercial catch of, 619; as other common name, chinook, 312 

702, 725; oil content of, 961 chinook salmon, 20, 21, 32, 35, 90, 95, 97, 176, 312-315; introduc- 

catfish, black, 697 tion of, 33, 388 
blue, 694-695, 697 chlorosomum, Boleosoma, 926 

brown, 697, 702, 708 chlorosomum, Etheostoma, 926-928. SEE ALSO bluntnose darter 

channel, 712-718. SEE ALSO channel catfish Chondrichthyes, 231 

common, 702 Chondrosteidae, 219 

flathead, 728-732. SEE Aso flathead catfish chopper, 621 

Great Lakes, 712 Chrosomus, 446, 451, 455 

lake, 712 chrosomus, Notropis, 579 

northern, 712 chrysocephalus, Notropis, 521, 523-526. SEE ALso striped shiner 

small, 702 chrysocephalus, Notropis cornutus, 518, 523 

spineless, 747 chrysochloris, Alosa, 270-272. SrE aso skipjack herring 

spotted, 712 chrysops, Lepibema, 789 

stone, 725 chrysops, Morone, 789-793. SEE ALSO white bass 

white, 697, 702 chrysops, Roccus, 789 

yellow, 708 chub(s), 28, 213, 268, 333, 340, 384, 409; as other common name, 

Catostomidae, 73, 607-610 341, 361, 432, 451, 485 

catostomids, 539, 831 chub, blackfin, 364 

Catostomus, 136, 678 blackspot, 437 

Catostomus catostomus, 607, 688-691. SEE ALSO longnose sucker blue-nosed, 595 

commersoni, 682-687. SEE ALSO white sucker brook, 437 

cavefishes, 733, 736, 739 common, 437 

caviar, 225, 230, 339 creek, 437-441. SEE ALso creek chub 

cayuga, Notropis, 572 deepwater, 367 
Cayuga minnow, 572 fat-head, 595 

central bigmouth shiner, 545 horned, 485 
central common shiner, 523 hornyhead, 485-488. SEE Atso hornyhead chub 

central johnny darter, 921 Indian, 485 

central longear sunfish, 834 lake, 463-466. SEE ALSO lake chub 

central mudminnow, 178, 387-390, 533, 758; as forage, 395, 401, lake northern, 463 

738, 972; as associate, 441, 445, 449, 461, 517, 522, 536, 539, longjaw, 353 

544, 552, 568, 574, 585, 604, 645, 681, 706, 710, 738, 781, 842, mud, 437 

902, 943, 954, 973; as predator, 454 northern, 463 

central quillback carpsucker, 630 northern creek, 437 

central redfin pickerel, 393 northern longnose, 495 

central stoneroller, 108, 181, 476-480, 483; as associate, 396, 424, racehorse, 476 

441, 449, 458, 470, 488, 501, 508, 517, 522, 529, 536, 548, 557, rainbow, 451 

581, 585, 590, 660, 668, 700, 721, 849, 861, 911, 925, 949; spawn- redtail, 485 

ing of, 487, 519; as egg predator, 513, 837; habitat of, 639 Reighard’s, 347 
Centrarchidae, 76, 799-800 river, 472, 485 

centrarchids, 799, 814, 928; as forage, 401, 772 shortjaw, 350 

cepedianum, Dorosoma, 273-277. SEE ALSO gizzard shad shortnose, 347 

Ceratichthys, 591 silver (Hybopsis storeriana), 492-494. SEE ALso silver chub 
Chaenobryttus, 817 silver (Percopsis omiscomaycus), 741 

chain pickerel, 390, 652 silvery, 437 
chainsided sunfish, 844 speckled, 495-498. SEE ALso speckled chub 

chalybaeus, Notropis, 530-533. SEE ALSO ironcolor shiner spotted, 489 
channel buffalo, 625 steel-backed, 476 

channel cat, 712 Storer’s, 492 

channel catfish, 33, 143, 189, 423, 620, 623, 629, 694, 712-718, 727; streamline, 489 

as forage, 202, 210, 731; as associate, 590, 614, 636, 645, 793, the, 367 

842, 877, 939; value of, 694, 732, 961; as predator, 826; effect of chub minnow, 463 

drum removal on, 962 chubnose buffalo, 615 

channelization, effects of, 546, 802, 898, 973 chubsucker(s), 135; as other common name, 646, 650 

channel mimic shiner, 566 chubsucker, creek, 650-652. SEE ALSO creek chubsucker 

char(r), 316 eastern creek, 651 

Great Lakes, 323 eastern lake, 646 

Jean, 323 lake, 646-649. SEE ALSO lake chubsucker 

speckled, 316 western creek, 651 

chemical contamination. SE pollution; toxification, fish western lake, 646 

chestnut lamprey, 82, 173, 201, 208-210; as co-spawner, 206; as chucklehead buffalo, 621 

predator, 236 chucklehead cat, 712
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cisco(es), 89, 98, 327, 333; stocking of, 20; as other common name, common perch, 886 

284, 330; as forage, 329; as predators, 339; as competitors, 384 common pike, 398 
cisco (or lake herring), 102, 177, 267, 333, 341-346; as forage, 247, common redhorse, 665, 670 

310, 326, 401; as associate, 310, 464; predation on eggs of, 329, common sculpin, 969 
705; palatability of, 466; as predator, 772; effects of stocking on, common shiner (Notropis chrysocephalus), 523 
808. SEE ALso lake herring (or cisco) common shiner (Notropis cornutus), 115, 116, 117, 183, 518-522, 524, 

cisco, blackfin, 364-366. SEE ALso blackfin cisco 525, 533; as egg predator, 210; as associate, 295, 310, 390, 411, 

common, 341 424, 441, 449, 454, 458, 461, 466, 470, 475, 480, 484, 488, 501, 

deepwater, 367-368. SEE ALSO deepwater cisco 508, 513, 517, 526, 536, 539, 544, 565, 568, 574, 581, 585, 590, 

Great Lakes, 341 599, 604, 660, 681, 691, 700, 706, 721, 727, 744, 781, 807, 832, 

Hoy’s, 356 839, 842, 849, 901-902, 906, 911, 914, 925, 936, 943, 949, 973; as 

longjaw, 353-355. SEE ALso longjaw cisco forage, 395, 440, 488, 699, 727, 806; spawning of, 439, 440, 448, 

mooneye, 364 479, 487, 511, 804 

Reighard, 347 common shiner, central (Notropis chrysocephalus), 523 

shallowwater, 341 common slimy muddler, 974 

shortjaw, 350-352. SEE ALSO shortjaw cisco common stickleback, 777 

shortnose, 347-349. SEE ALSO shortnose cisco common stoneroller, 476 

clara, Ammocrypta, 918-920. SEE ALSO western sand darter common sturgeon, 221 

claviformis, Erimyzon oblongus, 651 common sucker, 682 
Clinostomus, 455, 463 common sunfish, 828 

Clinostomus elongatus, 113, 179, 446-450. SEE ALso redside dace common whitefish, 335 

Cliola, 591 common white sucker, 682 

clupeaformis, Coregonus, 335-340. SEE ALSO lake whitefish competition, interspecific, 306, 310, 314, 321, 383, 384, 404, 411, 

clupeaformis clupeaformis, Coregonus, 335 441, 449-450, 505, 514, 550, 557, 660, 687, 691, 744, 782, 793, 

clupeaformis dustini, Coregonus, 335 808, 814, 816, 821, 827, 843, 850, 862, 868, 875, 878, 879, 892, 

clupeaformis neohantoniensis, Coregonus, 335 943, 962, 966, 968, 973 

Clupeidae, 72, 263, 279 connectens, Erimyzon oblongus, 651 

Clupeiformes, 263 control, biological. SEE biological control 

coarse-scaled sucker, 682 coppernosed bream, 844 

coaster, 316 coregonids: as forage, 332, 381, 749; predation on eggs of, 690, 785, 

coaster brook trout, 316 967, 981 

coast rainbow trout, 298 Coregoninae, 89, 98, 287, 333 

cockatouch, 974 Coregonus, 333 

cod, 745, 750 Coregonus alpenae, 353-355, 367. SEE ALSO longjaw cisco 
freshwater, 747 artedii, 104, 341-346, 350, 364. SEE ALSo cisco (or lake herring) 

ling, 747 clupeaformis, 99, 177, 333, 335-340. SEE ALSO lake whitefish 

codfishes, 69 clupeaformis clupeaformis, 335 
cognatus, Cottus, 974-978. SEE ALSO slimy sculpin clupeaformis dustini, 335 

coho, 21, 307 clupeaformis neohantoniensis, 335 

coho salmon, 32, 90, 95, 97, 176, 307-311, 691, 850; introduction of, hoyi, 104, 356-360. SEE ALSO bloater 

33, 35, 288, 289 johannae, 367-368. SEE ALSO deepwater cisco 
coldwater carp, 630 kiyi, 104, 361-363, 365. SEE ALso kiyi 

Comanche Springs pupfish, 753 nigripinnis, 104, 364-366. SEE ALso blackfin cisco 

commensalism, 681 nigripinnis cyanopterus, 350, 364 

commersoni, Catostomus, 682-687. SEE ALSO white sucker nigripinnis nigripinnis, 364 
common bluegill, 844 nigripinnis prognathus, 364 

common brook trout, 316 reighardi, 104, 347-349. SEE ALSO shortnose cisco 

common buffalofish, 615 reighardi dymondi, 347 

common bullhead, 697, 702 reighardi reighardi, 347 
common carp, 24, 40, 72, 107, 178, 254, 419-427, 533, 851, 892; zenithicus, 104, 347, 350-352, 360, 364. SEE ALSO shortjaw cisco 

introduction of, 20-21, 35, 868; control of, 28; as forage, 210, corncob sucker, 642, 645 

213, 214, 242, 247, 716, 792, 876; as egg predator, 224; as asso- cornutus, Notropis, 518-522. SEE ALSO common shiner 

ciate, 234, 494, 501, 504, 529, 557, 590, 614, 619, 624, 628, 632, cornutus chrysocephalus, Notropis, 518, 523 

636, 664, 691, 762, 821, 826, 861, 877, 911, 917, 928, 931, 954; cornutus frontalis, Notropis, 518 

pituitary extract of, 302; as competitor, 618, 628, 878; palatabil- Cottidae, 74, 963-964 
ity of, 628, 629; sensitivity to toxicity of, 780; abundance of, cottids, 326 

849; value of, 867, 961 cottonfish, 251 

common catfish, 702 Cottus, 381, 963, 974 

common chub, 437 Cottus bairdi, 969-973. SEE ALSO mottled sculpin 

common cisco, 341 bairdi bairdi, 969, 976 
common eel, 257 bairdi kumlieni, 969 

common garpike, 244 cognatus, 371, 463, 464, 974-978. SEE ALso slimy sculpin 

common mud sucker, 682 gobio, 979 

common mullet, 665 ricei, 979-981. SEE ALSO spoonhead sculpin



1032 Index 

Cottus (continued) finescale, 451-454. SEE ALso finescale dace 

sibiricus, 979 Great Lakes longnose, 472 

spinulosus, 979 horned, 437 
Couesius, 455, 485 longnose, 472-475. SEE ALso longnose dace 

Couesius plumbeus, 463-466. SEE ALSO lake chub nachtrieb, 442 

coulteri, Prosopium, 369-371. SEE ALso pygmy whitefish northern, 442 
Coulter’s whitefish, 369 northern horned, 437 

courtship sounds. SEE sounds, courtship northern pearl, 442 
cow-faced sculpin, 979 northern redbelly, 459-462. SEE Aso northern redbelly dace 

crappie(s), 12, 40, 151, 254, 793; distribution of, 21; rescue and pearl, 442-445. SEE ALso pearl dace 

transfer of, 22; as predators, 424, 435; bait for, 436, 462, 513, rainbow, 557 

599, 604; as forage, 792; as competitors, 843; as other common red-bellied, 455, 459 

name, 857, 863; effect of drum removal on, 962 redbelly, 459 
crappie, black, 863-868. SEE ALso black crappie redfin, 467 

lake, 863 redside, 446-450. SEE aso redside dace 
pale, 857 southern redbelly, 455-458. SEE ALso southern redbelly dace 

ringed, 857 striped, 467 

silver, 857 sucker-mouth, 499 

speckled, 863 western blacknose, 467 

white, 857-862. SEE ALSO white crappie yellowbelly, 459 
crawl-a-bottom, 678 dams, effects of, 219, 226, 227, 230, 233, 271, 470, 490, 613, 629, 

crawpie, 857, 863 654, 675, 818, 874, 885, 905, 942 
creek chub, 57, 110, 112, 179, 437-441, 533; as associate, 295, 319, darter(s), 29, 158, 470; parasites of, 38, 39, 40; as forage, 247, 283, 

390, 396, 424, 445, 449, 458, 461, 466, 470, 475, 480, 484, 488, 294, 400, 409, 743, 731, 805, 806, 876, 960; as territorial invad- 

501, 508, 517, 522, 526, 536, 544, 548, 552, 565, 568, 574, 581, ers, 778; as egg predators, 842; as food chain links, 870 

585, 590, 599, 604, 681, 700, 710, 721, 727, 744, 762, 839, 842, darter, banded (Etheostoma caeruleum), 932 
849, 901, 911, 925, 936, 939, 943, 949, 954, 973, 978; as forage, banded (Etheostoma zonale), 929-931. SEE ALso banded darter 

395, 462, 973; spawning of, 448, 457, 479, 519, 525; as predator, barred fantail, 945 

469, 586; predation on eggs of, 935, 943 big-headed, 912 

creek chub, northern, 437, 680 blackside, 898-902. SEE aLso blackside darter 

creek chubsucker, 36, 136, 188, 610, 650-652 blacksided, 898 

eastern, 651 blue, 932 

western, 651 bluntnose, 926-928. SEE ALSO bluntnose darter 

creek shiner, 518 blunt-nosed, 926 

creek sunfish, 822 central johnny, 921 

cross whitefish, 372 crystal, 915-917. SEE ALso crystal darter 
crucian carp, 430 eastern banded, 929 

crysoleucas, Notemigonus, 432-436. SEE ALSO golden shiner eastern sand, 918 

crystal darter, 37, 160, 194, 915-917; as associate, 494, 931 fantail, 945-949. SEE ALSo fantail darter 

Crystallaria, 915 fan-tailed, 945 

Ctenopharyngodon idella, 36, 178. SEE ALSO grass carp gilded, 903 

Culaea inconstans, 777-781. SEE ALSO brook stickleback gilt, 903-906. SEE Atso gilt darter 
current buffalo, 621 greenside, 869, 931 

cusk, 747 lowa, 940-944. SEE ALso Iowa darter 

cutthroat trout, 35, 288 johnny, 921-925. Sg ALso johnny darter 
cyanellus, 817 least, 950-954. SEE ALso least darter 

cyanellus, Lepomis, 822-827. SEE ALSO green sunfish longheaded, 894 
cyanocephalus, Notropis umbratilis, 514 Manitou, 907 
cyanopterus, Coregonus nigripinnis, 364 mud, 937-939. SEE ALso mud darter 

Cycleptinae, 611 northern least, 950 

Cycleptus elongatus, 611-614. SEE ALso blue sucker orangethroat, 932 
cylindraceum, Prosopium, 372-375. SEE ALSO round whitefish rainbow, 932-936. SEE ALSO rainbow darter 

cyprinellus, Ictiobus, 615-620. SEE ALSO bigmouth buffalo red-sided, 940 

Cyprinidae, 72, 73, 415-417 river, 912-914. SEE ALSO river darter 

cyprinids, 539, 806, 831 rough sand, 915 

Cyprinodontidae, 70, 753 sand, 918 

cyprinus, Carpiodes, 630-633. SEE ALSO quillback scaly johnny, 921 

Cyprinus carpio, 419-427. SEE ALSO common carp sharpnosed, 894 
cyprinus cyprinus, Carpiodes, 630 slenderhead, 894-897. SEE ALSO slenderhead darter 

cyprinus hinei, Carpiodes, 630 slough, 928 

snubnose, 926 
dace, 432, 467, 518 soldier, 932 

blacknose (Rhinichthys atratulus), 467-471. SEE ALSO blacknose dace striped fantail, 945 
blacknose (Notropis heterolepis), 572 weed, 940
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western sand, 918-920. SEE ALSO western sand darter eastern sauger, 880 
zoned, 929 eastern shiner, 518 

DDT contamination, 311, 329, 966 eastern silvery minnow, 587, 588, 589, 590 

deepwater blob, 965 eastern spotfin shiner, 549 

deepwater buffalo, 621 eastern sucker, 682 
deepwater bullhead, 725 eastern whitefish, 335 

deepwater chub, 367 eel, American, 257-261. SEE ALSo American eel 

deepwater cisco, 36, 102, 350, 353, 367-368; as forage, 214; distri- Atlantic, 257 

bution of, 333; as associate, 365, 371 Boston, 257 
deepwater sculpin, 168, 196, 965-968 common, 257 
deliciosus, Notropis, 562 European, 259 

Des Moines plunger, 665 freshwater, 257 
Devils Hole pupfish, 753 glass, 257 
diaphanus, Fundulus, 755-758. Ser Atso banded killifish lamper, 201, 211 

diaphanus diaphanus, Fundulus, 755 lamprey, 201, 208, 211, 216 

diaphanus menona, Fundulus, 755 mother, 747 

dichloro-diphenyl-trichloro-ethane. Sez DDT contamination silver, 257 
dieldrin contamination, 311, 329 eelpout, 747 

die-offs, fish, 266, 267, 268 egg predation, 247, 326, 327, 332, 358, 396, 411, 454, 551, 552, 568, 
difformis, Carpiodes, 638 577, 597, 598, 686, 690, 812, 813, 825, 832, 837, 842, 848, 860, 
Dionda, 579 877, 883, 890, 891, 893, 896, 901, 910, 911, 924, 935, 954, 972, 

nubila, 579 973 

dispar, Fundulus notti, 763 eggs: mortality of, 14; poisonous, 243, 248; palatability of, 892 

dissimilis, Erimystax, 489 ellwife, 265 

dissimilis, Hybopsis, 489 elongatus, Clinostomus, 446-450. SEE ALSO redside dace 

dogface sturgeon, 221 elongatus, Cycleptus, 611-614. SEE ALso blue sucker 

dogfish, 251, 387, 747 elver, 257 
dollardee, 844 emerald shiner, 11, 116, 119, 182, 505-509; as forage, 272, 381, 410, 

dolomieui, Micropterus, 801-808. SEE ALSO smallmouth bass 883; as associate, 424, 435, 466, 494, 498, 504, 507, 522, 529, 
doogler, 725 536, 552, 557, 565, 577, 590, 594, 614, 628, 632, 636, 640, 645, 
Dorosoma cepedianum, 273-277. SEE ALSO gizzard shad 738, 762, 797, 842, 861, 917, 920, 931, 939; as prey, 738 

dorsalis, Notropis, 545-548. Ser aso bigmouth shiner emerald shiner, common, 505 

dorsalis dorsalis, Notropis, 545 lake, 505 

dorsalis keimi, Notropis, 545 river, 505 

dorsalis piptolepis, Notropis, 545 emiliae, 575 
dory, 871, 880 Notropis, 575-577. SEE ALSO pugnose minnow 

doughbelly, 476 Opsopoeodus, 575 
drainage, effects of, 940 emiliae emiliae, Notropis, 575 

drawdowns, effects of, 813, 919 emiliae peninsularis, Notropis, 575 

driftless area: effect of isolation in, 5; importance of, 580 encephalitis, St. Louis, control of, 605 

drought, effects of, 573, 651 English brown trout, 291 

drum(s), 29, 74, 955-956; as other common name, 630 eos, Phoxinus, 459-462. SEE ALso northern redbelly dace 

drum, freshwater, 957-962. SEE ALSo freshwater drum Ericymba buccata, 33 

duckbill cat, 233 Erimystax dissimilis, 489 

duckbill gar, 241 Erimyzon, 135, 643 

duquesnei, Moxostoma, 653-656. SEE ALSO black redhorse Erimyzon oblongus, 646, 650-652. SEE ALSO creek chubsucker 
dusky darter, 33 oblongus claviformis, 651 

duskystripe shiner, 579 oblongus connectens, 651 
dustini, Coregonus clupeaformis, 335 oblongus oblongus, 651 

dwarf sunfish, 840 sucetta, 646-649, 650. SEE ALSO lake chubsucker 

dymondi, Coregonus reighardi, 347 sucetta kennerlii, 646 
sucetta sucetta, 646 

eastern banded darter, 929 erythrogaster, Phoxinus, 455-458. SEE ALso southern redbelly dace 

eastern banded killifish, 755 erythrophthalmus, Scardinius, 417 
eastern bigmouth shiner, 545 erythrurum, Moxostoma, 657-660. SEE ALso golden redhorse 

eastern blacknose dace, 680 Esocidae, 71, 391 

eastern brook trout, 316 esocids, 814 
eastern carpsucker, 630 Esox americanus, 398, 533 

eastern creek chubsucker, 651 Esox americanus vermiculatus, 393-397. SEE ALSO grass pickerel 

eastern gizzard shad, 273 lucius, 398-404. SEE ALSO northern pike 
eastern golden shiner, 432 masquinongy, 405-414. SEE ALso muskellunge 

eastern lake chubsucker, 646 masquinongy immaculatus, 405, 406 

eastern mudminnow, 388 masquinongy masquinongy, 405 
eastern sand darter, 918 masquinongy ohioensis, 405
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Etheostoma, 158, 160, 869, 870, 907 fish: tournaments, 28; species, importance of, 29; cheese, 32. SEE 

asprigene, 937-939. SEE ALSO mud darter ALSO toxification, fish 

blennioides, 33, 869 fish, flying, 640 

caeruleum, 932-936. SEE ALSO rainbow darter frost, 379 
chlorosomum, 926-928. SEE ALSO bluntnose darter holostean, 249 

exile, 937, 940-944. SEE ALSO Iowa darter ice, 379 

flabellare, 945-949. Sex Atso fantail darter northern mailed, 244 

flabellare flabellare, 945 pilot, 372 

flabellare lineolatum, 945 rainbow, 932 

jessiae, 937 rock, 221 
microperca, 950-954. SEE ALSO least darter sailor, 640 
nigrum, 921-925. SEE ALso johnny darter silver, 789 

nigrum eulepis, 921 zebra, 907 

nigrum nigrum, 921 fivespined stickleback, 777 
spectabile, 33 flabellare, Etheostoma, 945-949. SEE atso fantail darter 

zonale, 929-931. SEE ALSO banded darter flabellare flabellare, Etheostoma, 945 

Eucalia, 777 flabellare lineolatum, Etheostoma, 945 

eulepis, Etheostoma nigrum, 921 flatbelly, 728 
Eurasian perch, 886 flatfish, 273 

European brown trout, 291 flathead, 728 

European carp, 419 flathead catfish, 32, 144, 190, 728-732; as predator, 494, 897; bait 

European eel, 259 for, 700, 727 
European rudd, 36, 417 flathead sturgeon, 227 

European shad, 265, 270 flavescens, Perca, 886-893. SEE ALSO yellow perch 

European tench, 417 flavus, Noturus, 725-727. SEE ALSO stonecat 

Evermann shiner, 534 flier, 857 
evides, Percina, 903-906. SEE ALso gilt darter flooding, benefits of, 879 

exile, Etheostoma, 937, 940-944. SrE atso Iowa darter fluviatilis, Perca, 886 

exilis, Noturus, 722-724. SEE ALSO slender madtom flying fish, 640 
exotic fishes, 265, 268, 269, 288-290 fontinalis, Salvelinus, 316-322. SEE ALso brook trout 

exploitation, 219, 225, 226, 283, 328, 333, 339, 346, 349, 355, 360, forbesi, Carpiodes, 630 

366, 368, 480, 878 Forbes minnow, 578 

extinction, lakes, 694 forktail trout, 323 
extirpated fishes, 288 fossor, Ichthyomyzon, 204-207. SEE ALso northern brook lamprey 

Extrarius, 495 fourhorn sculpin, 332, 964 

eye, goggle, 852 Great Lakes, 965 
fractional spawning. SEE spawning, fractional 

fantail darter, 163, 195, 533, 945-949; as associate, 441, 449, 458, freckled madtom, 33 
470, 475, 480, 488, 501, 536, 548, 557, 568, 581, 660, 668, 681, freshwater cod, 747 
727, 744, 842, 849, 855, 897, 911, 920, 925, 936, 939, 978; as freshwater drum, 29, 31, 42, 74, 196, 957-962; as associate, 435, 

forage, 806 494, 504, 529, 577, 590, 614, 619, 624, 628, 632, 636, 641, 861, 
fantail darter, barred, 945 877, 917, 931; as forage, 731, 744, 792, 875, 883; as predator, 

striped, 945 744 

fan-tailed darter, 945 freshwater eel(s), 66, 255; as other common name, 257 

farming, commercial fish, 893 freshwater herring, 284, 341 

fathead, 600 freshwater killifish, 755 

fat-head chub, 595 freshwater killy, 755 

fathead minnow, 48, 120, 186, 533, 600-605; as associate, 295, 390, freshwater mummichog, 755 

445, 449, 454, 461, 466, 470, 484, 508, 513, 517, 522, 536, 544, freshwater sheepshead, 31 

574, 585, 594, 599, 628, 640, 645, 700, 706, 721, 738, 744, 826, freshwater smelt, 379 

832, 914, 973; as forage, 401, 410, 412, 441, 710, 716, 732, 816, freshwater stickleback, 777 

826, 876; as competitor, 436; as bait, 586 freshwater sturgeon, 221 

fathead minnow, northern, 600 friar, 769 

fat lake trout, 288, 330 frontalis, Notropis cornutus, 518 

fiddler, 712 frost fish, 372, 379 

fin, big, 974 fulvescens, Acipenser, 221-226. SEE ALSO lake sturgeon 

finescale dace, 114, 180, 442, 451-454; as associate, 390, 710, 781, Fundulus diaphanus, 755-758. SEE ALso banded killifish 

832 diaphanus diaphanus, 755 
fine-scaled sucker, 682 diaphanus menona, 755 

finescaled suckers, 679 lineolatus, 763 

finescale mullet, 653 notatus, 759-762. SEE ALSO blackstripe topminnow 
finescale redhorse, 635 notti, 763-765. SEE ALSO starhead topminnow 

finescale sucker, 688 notti dispar, 763
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furcatus, Ictalurus, 694-695 gonadotropins. SEE pituitary extracts 

gorbuscha, Oncorhynchus, 304-306. SEE ALSO pink salmon 

Gadidae, 69, 745 goujon, 728 

gairdneri, Salmo, 298-303. SEE ALSO rainbow trout gourdhead buffalo, 615 

gar(s), 66, 85, 239-240, 244; management of, 29; parasites of, 42; as gourdseed buffalo, 615 

forage, 247; as predator, 382, 884 gourdseed sucker, 611 

gar, billy, 241, 244 granny cat, 628 

broadnosed, 241 grass bass, 863 

duckbill, 241 grass carp, 36, 178, 417-418 
longnose, 244-248. SEE ALso longnose gar grass minnow, 582 

northern longnose, 244 grass pickerel, 105, 178, 393-397, 398, 648; as predator, 390, 533, 

shortbill, 241 772; as forage, 395; as associate, 441, 522, 536, 640, 645, 738, 

shortnose, 241-243. SEE ALso shortnose gar 842, 867, 920 
stubnose, 241 grass pickerel, western, 393 

garpike, 244 grass pike, 393, 871 

common, 244 gravel chub, 37, 110, 182, 489-491 
gaspergou, 957 grayback minnow, 755 

Gasterosteidae, 69, 775, 777 grayback tullibee, 341 

German bass, 419 gray bass, 957 

German brown trout, 291 gray pickerel, 880 

German carp, 419 gray pike, 871 

German trout, 291 gray pikeperch, 880 

ghost shiner, 36, 128, 185, 557, 566, 570-571 gray sucker, 682 

gibbosus, Lepomis, 828-833. SEE ALSO pumpkinseed gray trout, 323 
gilberti, Notropis, 545 great, 323 

Gilbert's minnow, 545 grayling, 20, 288, 319 

gilded darter, 903 arctic, 288 
gill chamber incubation, 736-737 greaser, 347, 708 

gilt darter, 37, 167, 194, 903-906 greater redhorse (Moxostoma carinatum), 674 

gizzard, fish, 276 greater redhorse (Moxostoma valenciennesi), 37, 139, 188, 670-673 

gizzard fish, 335 great gray trout, 323 

gizzard shad, 32, 34, 86, 175, 265, 267, 273-277; as forage, 272, 796, Great Lakes catfish, 712 

825, 860, 866; as associate, 396, 435, 504, 529, 577, 590, 628, Great Lakes char, 323 

632, 640, 691, 793, 861, 867, 877 Great Lakes cisco, 341 

gizzard shad, eastern, 273 Great Lakes fourhorn sculpin, 965 
gladius, Psephurus, 231 Great Lakes longear, 834 

glass eel, 257 Great Lakes longnose dace, 472 

glasseye, 871 Great Lakes mottled sculpin, 969 

glaucum, Stizostedion vitreum, 871 Great Lakes muskellunge, 405 
gobio, Cottus, 979 Great Lakes spottail shiner, 540 

goggle-eye, 817, 852, 857 Great Lakes sturgeon, 221 
gold bass, 794 Great Lakes trout, 323 

golden carp, 428 Great Lakes whitefish, 335 

golden green, Texas, 827 great northern pickerel, 398 

golden mullet, 657 great northern pike, 398 
golden redhorse, 142, 188, 657-660, 667; as associate, 494, 508, 526, great sea lamprey, 211 

529, 548, 565, 568, 632, 636, 640, 668, 797, 807, 839, 861, 877, green bass, 801, 809 
917, 920, 931; abundance of, 666, 669; spawning of, 676 green perch, 822 

golden shad, 265, 270 green pike, 871 
golden shiner, 107, 118, 179, 432-436, 533, 711; as associate, 390, green trout, 809 

396, 424, 517, 529, 536, 574, 577, 590, 614, 628, 632, 640, 645, greenside darter, 33, 869, 931 
652, 706, 738, 814, 832, 842, 861, 867, 920, 928, 943, 973; as green sunfish, 153, 156, 157, 192, 822-827; as forage, 243, 716; as 

forage, 395, 401, 710, 716, 813; transport of, 416; sensitivity to competitor, 424-425, 808, 848; as associate, 488, 508, 536, 574, 
turbidity of, 423; removal of, 816; winterkill of, 943 581, 585, 599, 645, 700, 721, 821, 839, 842, 849, 954; spawning 

golden shiner, eastern, 432 of, 515, 516, 555; as egg predator, 597, 804, 825; as predator, 

golden sucker, 657 772; homing of, 814 

goldeye, 31, 37, 88, 175, 281-283; as forage, 210, 283; commercial grinder, 957 

catch of, 286 grindle, 251 

goldeye, western, 281 Grindle, John A., 251 

Winnipeg, 281 grinnel, 251 
goldfish (Carassius auratus), 21, 32, 35, 72, 107, 179, 254, 428-431, grounder minnow, 741 

435; introduction of, 417; as competitor, 431 ground pike, 880 

goldfish (Notemigonus crysoleucas), 432 grunion, California, 767
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grunniens, Aplodinotus, 957-962. SEE ALSO freshwater drum hornyhead chub, 112, 181, 485-488, 533; as associate, 454, 458, 475, 

grunter, 957 480, 484, 501, 508, 513, 526, 544, 557, 565, 568, 581, 599, 660, 

grunting perch, 957 668, 673, 727, 807, 839, 849, 855, 906, 911, 914, 931, 949; nest 

gudgeon, 432, 747, 969 site of, 479, 519, 580; as co-spawner, 511; as forage, 522, 806 
gulosus, Lepomis, 817-821. SEE ALSO warmouth hoyi, Coregonus, 356-360. SEE ALSO bloater 

gum pike, 871 Hoy’s cisco, 356 

guppies, 36, 454 hudsonius, Notropis, 540-544. SEE ALSO spottail shiner 
gyrinus, Noturus, 719-721. SEE Aso tadpole madtom hudsonius hudsonius, Notropis, 540 

gyrinus, Schilbeodes, 719 humilis, Lepomis, 840-843. SEE ALSO orangespotted sunfish 

humpback, 304 

hackleback, 227 humpback buffalo, 625 

haddock, 745, 750 humpback carp, 638 

hairy back, 273 humpback salmon, 304 

halfbeaks, 767 humpers, 330 

hammerhead sucker, 678 Hybognathus hankinsoni, 582-586, 587. SEE ALSO brassy minnow 
hankinsoni, Hybognathus, 582-586. SEE ALSO brassy minnow nuchalis, 587-590. SEE ALSO Mississippi silvery minnow 

Hankinson’s minnow, 582 nuchalis regius, 587 
hardhead, 755 regius, 581, 588 

Helioperca incisor, 844 Hypbopsis, 463, 485, 525 

macrochira, 844 aestivalis, 111, 182, 495-498. SEE ALso speckled chub 

herring(s), 18, 72, 86, 263, 705 aestivalis aestivalis, 495 

herring, big-eyed, 265 aestivalis australis, 495 

branch, 265 aestivalis hyostomus, 495 

freshwater, 284, 341 aestivalis marconis, 495 

lake, 341-346. SEE ALso cisco (or lake herring) aestivalis sterletus, 495 

Norwegian, 273 aestivalis tetranemus, 495 

river, 265, 270 amblops, 33, 502 

sand, 341 biguttatus, 485 

skipjack, 270-272. SEE Aso skipjack herring dissimilis, 489 

spring, 265 kentuckiensis, 485 

the, 341 storeriana, 492-494. SEE ALSo silver chub 

toothed, 279, 281, 284 x-punctata, 489-491. SEE ALSO gravel chub 

yellow, 281 x-punctata trautmani, 489 

heterodon, Notropis, 537-539. SEE ALso blackchin shiner x-punctata x-punctata, 489 

heterolepis, Notropis, 572-574. SEE Atso blacknose shiner hybridization, 447, 843; effects of, 333, 334, 359-360, 365, 620, 800; 

heterolepis heterolepis, Notropis, 572 introgressive, 365, 367; causes of, 416, 554, 827 

heterolepis regalis, Notropis, 572 Hydrophlox, 579 
hickory shad, 273 hyostomus, Hybopsis aestivalis, 495 

highfin, 638 Hypargyrus, 591 
highfin carpsucker, 132, 187, 631, 634, 638-641; as associate, 435, Hypentelium nigricans, 678-681. SEE ALSO northern hog sucker 

494, 552, 565, 577, 594, 614, 628, 636, 917, 931; commercial catch hypsisomatus, Notropis spilopterus, 549 

of, 633, 637 

highfin sucker, 638 ice fish, 379 

hinei, Carpiodes cyprinus, 630 Ichthyomyzon, 80, 211 

Hiodon, notch-finned, 284 Ichthyomyzon castaneus, 208-210. SEE ALSO chestnut lamprey 

Hiodon alosoides, 281-283. SEE ALso goldeye fossor, 204-207. SEE ALso northern brook lamprey 
‘tergisus, 284-286. SEE ALSO mooneye unicuspis, 201-203. SEE ALso silver lamprey 

Hiodontidae, 72, 279 Ictaluridae, 67, 693-695 

hitchhiker, 201 ictalurids, 539, 693, 831 

hogfish, 907 Ictalurus furcatus, 33, 143, 694-695, 712 

hogmolly, 678, 907 melas, 697-701. SEE ALSO black bullhead 

hog mullet, 678 natalis, 708-711. SEE aso yellow bullhead 
hognose sucker, 678 nebulosus, 702-707. SEE ALSO brown bullhead 

hog sucker, northern, 678-681. SEE ALso northern hog sucker nebulosus marmoratus, 702 

holostean fish, 249 nebulosus nebulosus, 702 

homing, 260, 311, 793, 814, 826, 832, 839, 849; migrations, 18; by punctatus, 694-695, 712-718. SEE ALso channel catfish 

sun orientation, 765 Ictiobus, 130, 131, 608, 616, 618 

Hoosier, 728 Ictiobus bubalus, 625-629. SEE ALSO smallmouth buffalo 

horned chub, 485 cyprinellus, 615-620. SEE ALSO bigmouth buffalo 

horned dace, 437 niger, 621-624. SEE Aso black buffalo 

northern, 437 immaculatus, Esox masquinongy, 405, 406 

horned pout, 697, 702 impoundments. SEE dams, effects of 

hornfish, 871 imprinting, 311, 329 
hornyhead, 485, 518 incisor, Helioperca, 844
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inconstans, Culaea, 777-781. SEE ALSO brook stickleback lacustris, Villarius, 712 

incubation, mouth, 736-737 lady cat, 712 

Indian chub, 485 lake bass, 809 

Indian minnow, 428 lake-bass, white, 789 

inland lake whitefish, 335 lake buffalo, 615 

insignis, Noturus, 723 lake carp, 630 

intermittent streams, 557, 651 lake catfish, 712 

interrupta, Morone, 794 lake chub, 111, 180, 463-466, 975 

interruptus, Roccus, 794 lake chubsucker, 37, 136, 188, 395, 396, 561, 646-649 

interspecific competition. SEE competition, interspecific lake chubsucker, eastern, 646 

introduced fishes, 306, 321, 322, 809, 810, 892. SEE ALSO exotic fishes western, 646 

Iowa darter, 163, 195, 908, 940-944; as associate, 390, 513, 574, 649, lake crappie, 863 

710, 832, 914; as forage, 401 lake emerald shiner, 326, 505, 586 

ironcolor shiner, 32, 36, 126, 183, 530-533 lake herring (or cisco), 28, 37, 102, 213, 341-346, 352; decline of, 

Israeli carp, 623 268; distribution of, 333; as egg predator, 344, 345; as associate, 

371, 374; as predator, 382; as competitor, 383, 384; predation 

jack, 398, 871 on eggs of, 749. SEE ALSO cisco (or lake herring) 

jackfish, 398, 880 lake lamprey, 211 
jack salmon, 871, 880 lake lawyer, 251, 747 

jack shad, 273 Lake Michigan shiner, 505 
jejunus, Notropis, 527 lake minnow, 372 

jejunus, Notropis blennius, 527 lake northern chub, 463 

jerker, 485 lake perch, 886 
jessiae, Etheostoma, 937 lake quillback, 630 

jessiae asprigenis, Poecilichthys, 937 lake sculpin, 965, 969 

johannae, Coregonus, 367-368. SEE ALSO deepwater cisco lake sheepshead, 957 

John A. Grindle, 251 lake shiner, 505 

John Demon, 857 lake silverside, 505 

Johnny cat, 728 lake sturgeon, 21, 23, 37, 83, 174, 221-226; food source of, 29; abun- 

johnny darter, 159, 162, 194, 533, 921-925; as associate, 295, 390, dance of, 622; as associate, 624, 691 

396, 424, 435, 441, 445, 449, 458, 461, 475, 480, 488, 498, 501, Lake Superior longjaw, 350 

504, 508, 517, 522, 526, 529, 536, 548, 552, 565, 568, 577, 581, Jake trout, 14, 21, 91, 94, 96, 176, 288, 323-329, 316, 338, 340, 368, 
590, 594, 595, 599, 604, 628, 632, 640, 645, 649, 660, 668, 673, 466; propagation of, 19; stocking of, 20, 26, 27-28; as forage, 

681, 727, 762, 781, 797, 807, 839, 842, 849, 855, 861, 867, 897, 213, 214, 691, 749; as predator, 269, 339, 345, 352, 355, 359, 363, 
902, 911, 920, 936, 939, 949, 973, 978; as forage, 310, 395, 441, 366, 371, 382, 383, 466, 508, 686, 749, 786, 891, 911, 925, 967, 

876; as egg predator, 487; predation on eggs of, 598; abun- 968, 978, 981; commercial catch of, 289; as egg predator, 326, 

dance of, 908 968; decline of, 333, 335; as associate, 371, 464, 966; predation 

johnny darter, central, 921 on eggs of, 373, 705, 892, 978; as competitor, 383-384 
scaly, 921 lake trout, fat, 330 

June sucker, 682 lake whitefish, 98, 99, 177, 333, 335-340, 345; propagation of, 28; 

Kamloops trout, 298 as prey, 213, 214; as associate, 327, 691; palatability of, 328, 807; 

keimi, Notropis dorsalis, 545 as egg predator, 338, 339, 345; as predator, 382, 925, 981; as 

kennerlii, Erimyzon sucetta, 646 competitor, 383, 384; fishery of, 609; predation on eggs of, 892 

kentuckiensis, Hybopsis, 485 laker, 323 

kicker, 621 lamper, 208, 211 

Killifish(es), 70, 148, 753, 767; as forage, 247, 400; as other common _—_‘@mper eel, 201 . 
name, 755 Lampetra appendix, 216-218. SEE aso American brook lamprey 

killifish, banded, 755-758. SEE atso banded killifish lamplighter, 863 
eastern banded, 755 lamprey(s), 52, 54, 56, 59, 65, 77, 199-200; as predator, 200, 210, 

freshwater, 755 213, 224, 236, 424, 706, 814, 891; as other common name, 211, 

menona, 755 216; control of, 215, 260; as forage, 294 ; 

Pahrump, 753 lamprey, American brook, 216-218. SEE ALso American brook lam- 

western banded, 755 prey 
killy, freshwater, 755 blue, 201 
king, 312 brook, 201, 204, 216 

king salmon, 20, 312 brown, 208 
kisutch, Oncorhynchus, 307-311. SEE ALso coho salmon chestnut, 208-210. Ser atso chestnut lamprey 

kiyi, 37, 101, 177, 361-363; as forage, 332; distribution of, 333; as great sea, 211 
associate, 352, 365, 368; decline of, 359 lake, 211 

kiyi, Coregonus, 361-363. SEE ALso kiyi landlocked sea, 211 

kokanee, introduction of, 35, 288, 290 Michigan’ brook, 204 
kumlieni, Cottus bairdi, 969 northern, 201, 208 

northern brook, 204-207. SEE ALSO northern brook lamprey 

Labidesthes sicculus, 769-773. SEE ALSO brook silverside northern silver, 201



1038 Index 

lamprey (continued) lineolatus, Fundulus, 763 

Reighard’s, 204 liner buffalo, 625 

river, 201, 208 line side, 809 

sea, 211-215. SEE ALSO sea lamprey ling, 747 
silver (Ichthyomyzon castaneus), 208 ling cod, 747 

silver (Ichthyomyzon unicuspis), 201-203. Sr atso silver lamprey little pickerel, 393 

small black, 216 little redeye, 822 

small black brook, 216 Loch Leven trout, 291 

western, 208 logfish, 822 
lamprey eel, 201, 208, 211, 216 logperch, 165, 194, 907-911; as forage, 283, 792, 905; as associate, 

lampricide, effects of, 207, 215, 218 396, 411, 435, 484, 488, 491, 494, 501, 504, 513, 526, 529, 565, 

landlocked salmon, 19, 20, 323 577, 590, 594, 614, 628, 630, 632, 636, 640, 797, 839, 861, 867, 
largemouth, 809 897, 914, 917, 931, 939 

largemouth bass, 21, 40, 152, 192, 254, 403, 590, 648, 721, 807, 809- logperch, northern, 907 

816, 848, 885, 890, 943; as prey, 243, 247, 253, 409, 813, 825, Ohio, 907 
866, 876; as associate, 319, 390, 396, 424, 435, 458, 504, 508, longear, 834 

522, 529, 536, 539, 552, 561, 565, 577, 594, 628, 632, 641, 645, Great Lakes, 834 

649, 652, 673, 738, 762, 821, 836, 849, 861, 867, 877, 920, 939; northern, 834 

conversion ratio of, 410; as competitor, 411, 424, 808, 843, 878; longear sunfish, 37, 156, 192, 834-839, 939; as co-spawner, 516; as 
as predator, 411, 436, 513, 568, 590, 649, 652, 718, 772, 781, 825, associate, 526; territorial size of, 824; reproductive isolation of, 

826, 843, 849, 861, 891, 911, 954; control of, 413; sensitivity to 832; as egg predator, 838; courtship sounds of, 842 
turbidity of, 423; activity of, 806; stocking of, 821, 850, 868; longear sunfish, central, 834 

homing of, 826; reproduction of, 851 northern, 834 

largemouth bass, northern, 809 longheaded darter, 894 

largemouth black bass, 809 longjaw, 350, 353 
largescale stoneroller, 5, 108, 181, 477, 481-484; as associate, 475, Lake Superior, 350 

488, 513, 526, 565, 628, 660, 668, 681, 807, 839, 901, 906, 931, longjaw chub, 353 
973 longjaw cisco, 36, 100, 350, 353-355, 367; distribution of, 333 

lawyer, 18, 251, 747 long minnow, 495 

lake, 251, 747 longnose chub, northern, 495 

lean, 323 longnose dace, 109, 181, 472-475; as associate, 295, 390, 441, 458, 

lean char, 323 466, 470, 484, 488, 508, 536, 544, 548, 557, 581, 585, 849, 931, 

lean trout, 323 977; as egg predator, 474; as forage, 972 

least darter, 37, 159, 161 196, 950-954 longnose dace, Great Lakes, 472 

northern, 950 longnosed dace, 472 
leatherback, 419, 451, 459 longnose gar, 85, 174, 241, 244-248; as associate, 396, 504, 529, 585, 

leather carp, 419 628, 632, 640, 644, 861, 867, 877, 920; as predator, 772, 891 
lemonfin minnow, 549 longnose gar, northern, 244 

leopard muskellunge, 405 longnose sucker, 31, 32, 137, 189, 688-691; as prey, 202; as egg 
Lepibema chrysops, 789 predator, 374 

Lepisosteidae, 66, 239-240 longtailed sucker, 661 

Lepisosteus, 239 Lota lota, 190, 747-751. SEE ALso burbot 

oculatus, 33 lucius, Esox, 398-404. SEE ALso northern pike 

osseus, 244-248. SEE ALso longnose gar lugger, stone, 476, 678 

platostomus, 241-243. SEE ALso shortnose gar lunge, 405 

Lepomis, 151, 152, 157 lush, 747 
Lepomis cyanellus, 822-827. SEE ALSO green sunfish lutrensis, Notropis, 554-557. SEE Atso red shiner 

gibbosus, 828-833. SEE ALSO pumpkinseed 
gulosus, 817-821. SEE ALSO warmouth mackinaw trout, 323 
humilis, 840-843. SEE ALSO orangespotted sunfish macrochira, Helioperca, 844 

macrochirus, 844-851. SEE Aso bluegill macrochirus, Lepomis, 844-851. SEE ALso bluegill 
macrochirus macrochirus, 844 macrochirus macrochirus, Lepomis, 844 

macrochirus purpurascens, 844 macrochirus purpurascens, Lepomis, 844 

megalotis, 834-839. SEE ALSO longear sunfish macrolepidotum, Moxostoma, 665-669. SEE ALSO shorthead redhorse 

megalotis megalotis, 834 macrolepidotum breviceps, Moxostoma, 666, 668 

megalotis peltastes, 834 macrolepidotum macrolepidotum, Moxostoma, 666 
microlophus, 33 macrolepidotum pisolabrum, Moxostoma, 666 

pallidus, 844 maculata, Percina, 898-902. SEE ALSO blackside darter 

leptocephalus (-i), 257, 259 madtom(s), 693; as other common name, 719; as forage 731; win- 

Leucichthys, 99, 333, 347, 364 terkill of, 943 

leuciodus, Notropis, 579 madtom, brindled, 719 
lightback tullibee, 350 margined, 723 

limi, Umbra, 387-390. SEE ALso central mudminnow slender, 722-724. SEE ALSO slender madtom 

lineolatum, Etheostoma flabellare, 945 stonecat, 725
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tadpole, 719-721. SEE aso tadpole madtom blunt-nosed, 572, 595 
mailed fish, northern, 244 brassy, 582-586. SEE ALSO brassy minnow 

mammy, 476 bronze, 451 

Manitou darter, 907 brook, 467 
many-spined stickleback, 782 bullhead (Pimephales notatus), 595 

marble cat, 702 bullhead (Pimephales vigilax), 591-594. SEE atso bullhead min- 

marbled bullhead, 702 now 

marconis, Hybopsis aestivalis, 495 Cayuga, 572 

Margariscus, 455 chub, 463 

margarita, Semotilus, 442-445. SEE ALso pearl dace eastern silvery, 587, 588, 589, 590 

margarita nachtriebi, Semotilus, 442 fathead, 600-605. SEE ALso fathead minnow 

margined madtom, 723 Forbes, 578 

maria, 747 Gilbert's, 545 

marinus, Petromyzon, 211-215. SEE ALSO sea lamprey grass, 582 
marmoratus, Ictalurus nebulosus, 702 grayback, 755 
maskinonge, 405 grounder, 741 

masquinongy, Esox, 405-414. SEE ALSO muskellunge Hankinson’s, 582 
masquinongy immaculatus, Esox, 405, 406 Indiana, 428 

masquinongy masquinongy, Esox, 405 lake, 372 

masquinongy ohioensis, Esox, 405 lemonfin, 549 

Mayomyzon piekoensis, 199 long, 495 

meanmouth, 816 Mississippi silvery, 587-590. SEE ALso Mississippi silvery min- 

megalotis, Lepomis, 834-839. SEE ALSO longear sunfish now 
megalotis megalotis, Lepomis, 834 Mississippi stoneroller, 476 
megalotis peltastes, Lepomis, 834 Missouri, 428 

melanops, Minytrema, 642-645. SEE ALSO spotted sucker Moose Lake, 463 
melas, Ictalurus, 697-701. SEE ALso black bullhead mud, 387 
meleagris, Rhinichthys atratulus, 467 New World, 451 

menhadens, 263 northern, 442 

Menominee, 372 northern fathead, 600 

Menominee whitefish, 372 Ozark, 578-581. SEE ALSO Ozark minnow 

menona, Fundulus diaphanus, 755 pin, 646 
menona killifish, 755 plains suckermouth, 400 

menona topminnow, 755 plumbers, 463 

methy, 747 pugnose, 575-577. SEE ALSO pugnose minnow 

Michigan brook lamprey, 204 pug-nosed, 575 
microperca, Etheostoma, 950-954. SEE ALSO least darter rosy-faced, 510 

Micropterus, 152, 855 rotgut, 476 

dolomieui, 801-808. SEE ALSO smallmouth bass satinfin, 549 
punctulatus, 33 shore, 562 

salmoides, 809-816. SEE ALSO largemouth bass silverfin, 549 
miller’s thumb, 969 silverjaw, 546 

northern, 974 silvery, 587 

Milwaukee shiner, 505, 586 small-mouthed, 575 

mimic shiner, 128, 129, 185, 566-569, 562; as forage, 272, 401, 855; spottail, 540 

as associate, 488, 513, 529, 565, 571, 598, 599, 706, 906, 914 straw-colored, 562 
channel, 566 striped, 763 

northern, 566 suckermouth, 499-501. SEE ALSo suckermouth minnow 

minnow(s), 15, 29, 72-73, 107, 415-417, 758, 943; parasites of, 38, sucker-mouthed, 499 

39, 40, 42; as forage, 253, 272, 294, 329, 401, 408, 409, 716, 727, tallow-mouth, 476 

731, 738, 743, 805, 813, 855, 860, 861, 876; decline of, 268; as Tuffy, 600 
egg predators, 318, 424, 804, 842; as predators, 402, 805; abun- Wisconsin stoneroller, 477, 481 

dance of, 417; as competitors, 417, 839; derivation of, 607-608; minnows, New World, 452 

as bait, 416, 750, 815, 867, 877 Old World, 452 

minnow, Baltimore, 428 Minytrema melanops, 642-645. SEE ALSO spotted sucker 

barred, 755 mirabilis, Phenacobius, 499-501. SEE ALSO suckermouth minnow 

blackchin, 537 mirror carp, 419 

blackhead, 600 Mississippi bullhead, 708, 728 
black-nosed, 572 Mississippi cat, 728 

black-sided, 572 Missippi mudminnow, 387 
black-striped, 537 Mississippi silvery minnow, 128, 186, 587-590; as associate, 424, 

blue, 549 435, 441, 504, 522, 536, 552, 565, 577, 614, 636, 640, 797, 917, 

blunt-jawed, 587 920; habitat of, 583 

bluntnose, 595-599. SEE aLso bluntnose minnow Mississippi stoneroller minnow, 476
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mississippiensis, Morone, 794-797. SEE ALSO yellow bass mud trout, 316 

mississippiensis, Roccus, 794 muffle-jaw, 969 
Missouri minnow, 428 mullet, 630, 665, 682, 688 

Missouri sucker, 611 bay, 661 
missuriensis, Notropis stramineus, 562 black, 653, 682 

mollis, Schilbeodes, 719 broad, 630 

mongrel buffalo, 621 common, 665 

mongrel bullhead, 725 finescale, 653 

mooneye(s), 72, 88, 279 golden, 657 
mooneye (Coregonus kiyi), 361 redfin, 661 

mooneye (Hiodon alosoides), 281 redhorse, 665 

mooneye (Hiodon tergisus), 72, 88, 175, 284-286; as forage, 272, 283; river, 674 

as associate, 494, 614, 628, 636, 877, 917, 931 shorthead, 665 
mooneye, northern, 281 silver, 661 

shad, 281 smallheaded, 657 

mooneye cisco, 364 mummichog, 755 
moonfish, 863 freshwater, 755 

Moose Lake minnow, 463 muskellunge (Cycleptus elongatus), 611 

mordax, Osmerus, 379-384. SEE ALSO rainbow smelt muskellunge (Esox masquinongy), 18, 26, 28, 29, 106, 178, 391, 404, 

Morgan cat, 728 405-414, 590, 673, 885; propagation and stocking of, 21, 850; 

Morone chrysops, 789-793. SEE ALSO white bass as forage, 396; as predator, 435, 544, 686, 832, 861, 867, 891; 
interrupta, 794 bait for, 668, 681, 686; predation on eggs of, 686 

mississippiensis, 794-797. SEE ALSO yellow bass muskellunge, Great Lakes, 405 
mosquitofish, 825, 928 leopard, 405 

mother eel, 747 northern, 405 
mottled sculpin, 170, 196, 435, 954, 969-973, 977; as trout indicator, Ohio, 405 

295; as associate, 295, 319, 390, 445, 449, 454, 466, 475, 539, silver, 398 

568, 585, 710, 781, 839, 931, 978; as predator, 390, 475; as for- tiger, 405 
age, 401, 973; as egg predator, 973; spawning of, 976 Wisconsin, 405 

mottled sculpin, Great Lakes, 969 muskellunge-northern pike hybrid, 815 
northern, 969 muskie, 405 

mountain trout, 801 musky, 405 

Moxostoma, 138 Myoxocephalus quadricornis, 965 
anisurum, 661-664. SEE ALSO silver redhorse thompsoni, 371, 965-968. SEE ALSO deepwater sculpin 

carinatum, 674-677. SEE ALSO river redhorse Myxocyprinus, 607, 611 

duquesnei, 653-656. SEE ALSO black redhorse 

erythrurum, 657-660. SEE ALso golden redhorse 

macrolepidotum, 665-669. SEE ALSO shorthead redhorse nachtrieb dace, 442 

macrolepidotum breviceps, 666, 668 nachtriebi, Semotilus margarita, 442 

macrolepidotum macrolepidotum, 666 namaycush, 323 

macrolepidotum pisolabrum, 666 namaycush namaycush, Salvelinus, 323-329. SEE ALso lake trout 

rubreques, 670 namaycush siscowet, Salvelinus, 330-332. SEE ALSO siscowet 
valenciennesi, 670-673. SEE ALSO greater redhorse natalis, Ictalurus, 708-711. SEE ALSO yellow bullhead 

mud bass, 817 native, 316 

mud blower, 747 native trout, 316 

mud buffalo, 615 nebulosus, Ictalurus, 702-707. SEE ALSO brown bullhead 

mudcat, 702, 728 nebulosus marmoratus, Ictalurus, 702 

mud chub, 437 nebulosus nebulosus, Ictalurus, 702 

mud darter, 37, 164, 195, 937-939; as associate, 396, 441, 536, 867 neogaeus, Phoxinus, 451-454. SEE Atso finescale dace 

muddler, 969 neohantoniensis, Coregonus clupeaformis, 335 

common slimy, 974 newlight, 857 

northern, 969 New World minnow(s), 451, 452 
slimy, 974 niger, Ictiobus, 621-624. SEE axso black buffalo 

spoonhead, 979 nigricans, Hypentelium, 678-681. SEE ALso northern hog sucker 

mudfish, 251, 387 nigripinnis, Coregonus, 364-366. SEE ALSO blackfin cisco 
mudminnow(s), 70, 385 nigripinnis cyanopterus, Coregonus, 350, 364 

mud minnow, 387 nigripinnis nigripinnis, Coregonus, 364 

mudminnow, central, 387-390. SEE ALso central mudminnow nigripinnis prognathus, Coregonus, 364 

eastern, 388 nigromaculatus, Pomoxis, 863-868. SEE ALso black crappie 
Mississippi, 387 nigrum, Etheostoma, 921-925. SEE ALso johnny darter 
western, 387 nigrum eulepis, Etheostoma, 921 

mud pickerel, 393 nigrum nigrum, Etheostoma, 921 

mud pike, 393 ninespine stickleback, 149, 191, 782-786; as forage, 283, 310, 326, 
mud shad, 273 381, 749; as associate, 371, 466; behavior of, 775 

mud sucker, common, 682 Nocomis, 457, 485, 901
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biguttatus, 485-488. SEE ALso hornyhead chub Norwegian herring, 273 
northeastern sand shiner, 562 nose, rubber, 221 
northern blacknose shiner, 572 notatus, Fundulus, 759-762. SEE Aso blackstripe topminnow 

northern bluegill, 844 notatus, Pimephales, 595-599. SEE ALSO bluntnose minnow 

northern bluegill sunfish, 844 notch-finned Hiodon, 284 

northern brook lamprey, 32, 81, 173, 201, 204-207; as associate, Notemigonus crysoleucas, 118, 179, 432-436. SEE ALSO golden shiner 
295, 936 Notropis, 213, 400, 502, 575, 792 

northern brown bullhead, 702 amnis, 502-504. SEE ALSO pallid shiner 

northern carpsucker, 634 amnis amnis, 502 

northern catfish, 712 amnis pinnosa, 502 

northern chub, 463 anogenus, 558-561. SEE ALSO pugnose shiner 
northern creek chub, 437, 680 atherinoides, 505-509. SEE ALso emerald shiner 
northern dace, 442 atherinoides acutus, 505 

northern fathead minnow, 600 atherinoides atheroinoides, 505 
northern hog sucker, 138, 189, 533, 678-681, 838; as associate, 441, blennius, 527-529. SEE ALSO river shiner 

449, 475, 484, 488, 494, 536, 548, 552, 565, 585, 614, 636, 660, blennius blennius, 527 

668, 807, 842, 855, 901, 906, 917, 925, 931, 936; as competitor, blennius jejunus, 527 

487; as egg predator, 513, 837 boops, 33 

northern horned dace, 437 buchanani, 570-571. SEE Atso ghost shiner 

northern lake chub, 463 cayuga, 572 

northern lamprey, 201, 208 chalybaeus, 530-533. SEE ALSO ironcolor shiner 

northern largemouth bass, 809 chrosomus, 579 

northern least darter, 950 chrysocephalus, 523-526. SEE ALso striped shiner 
northern logperch, 907 cornutus, 518-522, 523. SEE ALso common shiner 

northern longear, 834 cornutus chrysocephalus, 518, 523 

northern longear sunfish, 834 cornutus frontalis, 518 

northern longnose chub, 495 deliciosus, 562 

northern longnose gar, 244 dorsalis, 545-548. Ser ALso bigmouth shiner 

northern mailed fish, 244 dorsalis dorsalis, 545 

northern miller’s thumb, 974 dorsalis keimi, 545 
northern mimic shiner, 566 dorsalis piptolepis, 545 

northern minnow, 442 emiliae, 575-577. SEE ALSO pugnose minnow 
northern mooneye, 281 emiliae emiliae, 575 

northern mottled sculpin, 969 emiliae peninsularis, 575 

northern muddler, 522, 969 gilberti, 545 

northern muskellunge, 405 heterodon, 530, 537-539, 558. SEE atso blackchin shiner 

northern pearl dace, 442 heterolepis, 572-574. SEE atso blacknose shiner 
northern pickerel, great, 398 heterolepis heterolepis, 572 

northern pike, 26, 29, 105, 106, 178, 254, 390, 391, 398-404, 405, heterolepis regalis, 572 
410, 648, 848; propagation and distribution of, 21; parasites of, hudsonius, 540-544. SEE ALSO spottail shiner 

38, 39, 40, 41; as forage, 210, 247, 283, 310, 410, 731; as preda- hudsonius hudsonius, 540 

tor, 213, 283, 310, 319, 339, 382, 390, 408, 411, 424, 441, 454, jejunus, 527 

466, 508, 513, 544, 568, 586, 599, 668, 686, 691, 706, 744, 758, leuciodus, 579 

772, 781, 786, 832, 849, 861, 867, 877, 884, 891, 911, 943, 973; lutrensis, 554-557. SEE ALso red shiner 

as associate, 319, 396, 424, 435, 441, 491, 513, 522, 529, 536, nubilus, 578-581. SEE ALSO Ozark minnow 

544, 577, 590, 632, 640, 673, 691, 706, 721, 738, 762, 861, 867, nux, 534 
914; as competitor, 397, 413, 544, 943; bait for, 488, 522, 590, roseus, 534 

668, 681, 686; stocking of, 850; regulations for, 877, 885; as egg roseus richardsoni, 534 

predator, 878 rubellus, 510-513. SEE ALso rosyface shiner 
northern pike, great, 398 shumardi, 33 

northern quillback carpsucker, 630 spilopterus, 549-553. SEE ALso spotfin shiner 
northern redbelly dace, 114, 180, 455, 459-462, 533; as associate, spilopterus hypsisomatus, 549 

295, 390, 445, 449, 454, 574, 585, 604, 706, 710, 781, 832, 936, spilopterus spilopterus, 549 

943, 954, 973; as forage, 401, 462 stramineus, 527, 562-565. SEE ALso sand shiner 

northern redfin shiner, 514 stramineus missuriensis, 562 

northern redhorse, 665 stramineus stramineus, 562 

northern rock bass, 852 texanus, 530, 534-536. SEE ALSO weed shiner 

northern sculpin, 974 texanus richardsoni, 534 

northern silver lamprey, 201 topeka, 558 

northern silverside, 769 umbratilis, 514-517. SEE atso redfin shiner 

northern smallmouth bass, 801 umbratilis cyanocephalus, 514 

northern spottail shiner, 540 umbratilis umbratilis, 514 

northern sucker, 688 volucellus, 566-569. SEE ALSO mimic shiner 

northern weed shiner, 534 volucellus buchanani, 566, 570 

northern yellow bullhead, 708 volucellus volucellus, 566
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Notropis (continued) paper-belly, 331 
volucellus wickliffi, 566 paperbelly, 361 

wickliffi, 566 papermouth, 857 
notti, Fundulus, 763-765. SEE ALso starhead topminnow pavement-toothed redhorse, 674 
notti dispar, Fundulus, 763 PCB contamination, 311, 329 

Noturus exilis, 722-724. SEE ALso slender madtom pealip redhorse, 666 
flavus, 725-727. SEE ALSO stonecat pearl dace, 112, 179, 442-445; as associate, 319, 390, 442, 454, 544, 

gyrinus, 719-721. SEE ALso tadpole madtom 565, 604, 710, 762, 832, 973 

insignis, 723 pellucida, Ammocrypta, 918 

nocturnus, 33 peltastes, Lepomis megalotis, 834 
nubila, Dionda, 579 peninsularis, Notropis emiliae, 575 

nubilus, Notropis, 578-581. SrE ALso Ozark minnow Penobscot salmon, 20 

nuchalis, Hybognathus, 587-590. SEE ALSO Mississippi silvery min- Perca flavescens, 158, 193, 870, 886-893. SEE ALso yellow perch 

now fluviatilis, 886 

nuchalis regius, Hybognathus, 587 perch(es), 18, 75, 158, 462, 590, 652, 739, 869-870; as other common 

nux, Notropis, 534 name, 886, 957 

perch, American, 886 

oblongus, Erimyzon, 650-652. SEE ALSO creek chubsucker Black; B22 
of ticast 5 bridge, 857 

oblongus claviformis, Erimyzon, 651 
i common, 886 

oblongus connectens, Erimyzon, 651 > 
: Eurasian, 886 

oblongus oblongus, Erimyzon, 651 322 

odor discrimination, 18, 311, 598, 839 Breen, 
. . _ grunting, 957 

ohioensis, Esox masquinongy, 405 
A lake, 886 

Ohio logperch, 907 irate, 735-738. SEE ALSO pirate perch 
Ohio muskellunge, 405 Ped WOR eS SER ALSO PIA PEE 

Ohio redhorse, 666, 668 Pon 
okow, 871 raccoon, 886 

Old World minnows, 452 red, oe 6 

oligolepis, Campostoma, 481-484. SEE ALSO largescale stoneroller Sree ill 886 

olivaris, Pylodictis, 728-732. Ske ALso flathead catfish fies 896 
omiscomaycus, Percopsis, 741-744. SEE ALSO trout-perch aves 

rock, 957 
Oncorhynchus, 90 Ikled, 857, 863 

gorbuscha, 304-306. SEE ALSo pink salmon ae qa 88 6 ’ 

kisutch, 307-311. SEE ALso coho salmon 8 Ae 

ner, white, 787, 857, 957 
tshawytscha, 312-315. SEE ALSO chinook salmon Wales : : 

yellow, 886-893. SEE ALso yellow perch 
Opelousas cat, 728 . 7 
Opsopoeodus, 575 Percichthyidae, 76, 787 

eniiiae 579 Percidae, 75, 739, 869-870 
orangespot 840 percids, 539, 758, 806, 814, 831, 870 

orangespotted sunfish, 154, 192, 555, 840-843; as associate, 491, sheen . ae 570; bs 932 h 

522, 632, 641, 826, 861; as co-spawner, 516; as predator, 842 i a 
caprodes caprodes, 907 

orangethroat darter, 33, 932 aes 
Osmeridae, 68, 377 caprodes semifasciata, 907 ; 

Osmerus mordax, 379-384. SEE ALSO rainbow smelt evides,, 903-906. SEE:ALSO gilt darter 
2 maculata, 898-902. SEE ALSO blackside darter 

osseus, Lepisosteus, 244-248. SEE ALSO longnose gar io hala, 894-897. S 36 slendéiisad daw 

ossicle, Weberian, 416 canine ’ 821s DRE ALSO slencerhead carer 

Oswego bass, 801, 809, 863 aan “ 
otolith, 235, 955, 960, 961 shumardi, 912-914. SEE ALSO river darter 

" ~ Percopsidae, 68, 739 
Owens River puptish; 753 Pe is is 741-744. SEE ALSO trout-perch Ozark minnow, 37, 124, 127, 185, 578-581; as associate, 488, 849 ET ENESIS OM SCONEIY EL Ses fore ss 

transmontana, 741 

perspicuus, Pimephales vigilax, 591 

Pacific salmon, 19, 287 Petromyzon marinus, 211-215. SEE ALSO sea lamprey 

Pacific trout, 298 Petromyzontidae, 65, 199-200 

paddlefish, 37, 65, 174, 231, 233-237; as prey, 210; as associate, 435, Pfrille, 446, 451, 455 

577; abundance of, 622 pharyngeal teeth, 389, 415, 449 

Pahrump killifish, 753 Phenacobius mirabilis, 499-501. SEE ALSO suckermouth minnow 

paleback tullibee, 350 Phoxinus, 442, 446, 463 

pale crappie, 857 eos, 459-462. SEE ALSO northern redbelly dace 
pale sunfish, 844 erythrogaster, 455-458. SEE ALSO southern redbelly dace 

pallid shiner, 37, 129, 182, 502-504 neogaeus, 451-454. SEE ALSO finescale dace 

pallid sturgeon, 219 phoxocephala, Percina, 894-897. SrE Aso slenderhead darter 

pallidus, Lepomis, 844 pickerel, 18, 375, 393, 398, 652, 871, 880
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central redfin, 393 platostomus, Lepisosteus, 241-243. SEE ALso shortnose gar 

chain, 390 plumbers minnow, 463 
grass, 393-397. SEE ALSO grass pickerel plumbeus, Couesius, 463-466. SEE ALSO lake chub 
gray, 880 plunger, Des Moines, 665 

great northern, 398 Poecilia reticulata, 36 

little, 393 Poecilichthys jessiae asprigenis, 937 

mud, 393 poisonous eggs, 243, 248. 

sand, 880 poisonous spines, 693 

slough, 393 pollution: effects of on fishes, 219, 226, 604, 675, 683, 840, 898, 925, 

snake, 398 952; sawmill and lumbering, 339; chemical, 670; domestic, 694; 
walleyed, 871 sensitivity of fishes to, 935, 936 

western grass, 393 polychlorinated biphenyl. Sze PCB contamination 
yellow, 871 Polyodon spathula, 233-237. SEE ALSO paddlefish 

pickering, 880 Polyodontidae, 65, 231 
pied cat, 728 Pomoxis, 151 

piekoensis, Mayomyzon, 199 annularis, 857-862. SEE ALSO white crappie 
pigmy sunfish, 840 nigromaculatus, 863-868. SEE ALSO black crappie 

pike(s), 40, 71, 105, 391, 424 pond perch, 828 

blue, 871, 880 potbelly, 467 

common, 398 pottlebelly, 467 
grass, 393, 871 pout, horned, 697, 702 

gray, 871 prairie buffalo, 621 
great northern, 398 prognathus, Coregonus nigripinnis, 364 

green, 871 promelas, Pimephales, 600-605. SEE ALSO fathead minnow 

ground, 880 promelas promelas, Pimephales, 600 
gum, 871 propagation, artificial, 878 

mud, 393 Prosopium, 333 

northern, 398-404. SEE Aso northern pike coulteri, 369-371. SEE ALSO pygmy whitefish 
river, 880 cylindraceum, 372-375. SEE ALSO round whitefish 

sand, 880 Psephurus gladius, 231 

silver, 398 pseudoharengus, Alosa, 265-269. SEE ALSO alewife 

spotfin, 880 pugamoo, 678 

walleye, 871 pugnose buffalo, 615 
walleyed, 871 pug-nosed minnow, 575 

yellow, 871 pug-nosed shiner, 558 
pikeperch, blue, 880 pugnose minnow, 32, 33, 37, 113, 185, 558, 575-577; as associate, 

gray, 880 396, 435, 504, 522, 529, 632, 738, 861, 867 
sand, 880 pugnose shiner, 37, 125, 184, 558-561, 575, 649 

walleyed, 871 pullum, Campostoma anomalum, 447, 481 

yellow, 871 pumpkinseed buffalo, 621 

pilot fish, 372 pumpkinseed (Lepomis gibbosus), 12, 38, 39, 155, 157, 192, 423, 533, 

the, 372 648, 825, 828-833, 837, 846, 877; as forage, 248, 253, 395, 401; 
Pimephales notatus, 595-599. SEE ALso bluntnose minnow as associate, 411, 435, 484, 526, 529, 561, 577, 604, 632, 641, 

promelas, 600-605. SEE ALSO fathead minnow 645, 673, 706, 710, 721, 814, 821, 839, 842, 861, 920, 943, 954, 

promelas promelas, 600 973; as predator, 508, 772, 849; as egg predator, 804; thinning 

vigilax, 591-594. SEE Aso bullhead minnow of, 815-816, 850; homing of, 826; as competitor, 848; abun- 

vigilax perspicuus, 591 dance of, 886 

vigilax vigilax, 591 pumpkinseed (Lepomis humilis), 840 
pinfish, 777, 782 pumpkinseed (Lepomis megalotis), 834 
pink, 304 pumpkinseed sunfish, 828 
pink salmon, 32, 33, 95, 97, 176, 304-306; introduction of, 288, 289, punctatus, Ictalurus, 712-718. SEE ALSO channel catfish 

290 Pungitius pungitius, 782-786. SEE ALSO ninespine stickleback 

pin minnow, 646 punky, 828 

pinnosa, Notropis amnis, 502 pupfish, 764 

pin sucker, 646 Comanche Springs, 753 

pioneer species, 548, 604, 922 Devils Hole, 753 

piptolepis, Notropis dorsalis, 545 Owens River, 753 
pirate perch, 32, 37, 69, 190, 733, 735-738, 739; as associate, 522, purpurascens, Lepomis macrochirus, 844 

640, 928 pygmaea, Umbra, 388 

pisolabrum, Moxostoma macrolepidotum, 666 pygmy, 369 
pituitary extracts, 424 pygmy whitefish, 32, 33, 37, 98, 177, 369-371 

plains suckermouth minnow, 499 Pylodictis olivaris, 728-732. SEE ALso flathead catfish 

platorynchus, Scaphirhynchus, 227-230. SEE ALSO shovelnose stur- 

geon quadricornis, Myoxocephalus, 965
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quillback (Carpiodes carpio), 634 Ohio, 666, 668 
quillback (Carpiodes cyprinus), 31, 131, 187, 630-633, 780, 875; as pavement-toothed, 674 

associate, 424, 435, 494, 498, 522, 529, 552, 565, 577, 590, 614, pealip, 666 

625, 628, 636, 640, 797, 842, 861, 877, 917, 931; commercial catch redfin, 674 

of, 637, 641 river, 674-677. SEE ALSO river redhorse 

quillback, lake, 630 shorthead, 665-669. SEE aLso shorthead redhorse 
quillback carp, 638 silver, 661-664. SEE ALso silver redhorse 
quillback carpsucker, 630 spotted, 642 

central, 630 whitenose, 661 

northern, 630 redhorse mullet, 665 

quillback sucker, 630 redhorse shiner, 554 

quinnat, 312 redmouth buffalo, 615 

red perch, 886 
raccoon perch, 886 red shiner, 32, 33, 37, 116, 123, 184, 549, 554-557, 731; as competi- 

racehorse chub, 476 tor, 550; as co-spawner, 841; as egg predator, 842 
rainbow, 298 redside dace, 37, 113, 179, 446-450; as associate, 295, 461, 681, 901, 

rainbow chub, 451 925, 973 

rainbow dace, 557 red-sided darter, 940 

rainbow darter, 164, 195, 913, 931, 932-936, 939; as associate, 396, red-sided shiner, 446 

484, 807, 855, 897, 920, 939; as egg predator, 469, 487, 513 red-sided trout, 298 

rainbow fish, 932 redside sucker, 688 
rainbow smelt, 14, 33, 178, 267, 379-384, 466; introduction of, 35; redspotted sunfish, 840 

as forage, 310, 314, 326, 749, 786; decline of, 339; as associate, redspotted trout, 316 

371, 691, 744; as egg predator, 381; as predator, 508, 750 red sturgeon, 221 

rainbow trout, 16, 20, 21, 35, 93, 96, 175, 298-303, 308, 533, 892, red sucker, 665, 688 

978; as predator, 207, 508, 786; introduction of, 288, 289, 290; redtail chub, 485 

migration of, 294; palatability of, 295, 306; as associate, 296, reefer, 621 

973, 978; as forage, 401; as competitor, 480 refugium, Ozark, 580 

rainbow trout, coast, 298 regalis, Notropis heterolepis, 572 

razorback, 611 regius, Hybognathus, 587, 588 

red-bellied dace, 455, 459 regius, Hybognathus nuchalis, 587 

redbelly dace(s), 451, 459 Reighard cisco, 347 
redbelly dace, northern, 459-466. SEE ALso northern redbelly dace reighardi, Coregonus, 347-349. SEE ALSO shortnose cisco 

southern, 455-458. SEE ALso southern redbelly dace reighardi dymondi, Coregonus, 347 
redbreast sunfish, 817, 822, 828, 844 reighardi reighardi, Coregonus, 347 

red cat, 702, 706 Reighard’s chub, 347 

redear sunfish, 33, 718, 817, 822, 844 Reighard’s lamprey, 204 

redeye, 801, 852 removal, fish. SEE thinning 

little, 822 Rhinichthys, 213 

redeye bass, 852 atratulus, 467-471. SEE ALso blacknose dace 

redeyed bass, 801 atratulus atratulus, 680 

redfin, 514, 665 atratulus meleagris, 467 

compressed, 514 cataractae, 472-475. SrE ALSO longnose dace 

tedfin dace, 467 ricei, Cottus, 979-981. SEE ALSO spoonhead sculpin 
redfin mullet, 661 Rice’s sculpin, 979 

redfin pickerel, central, 393 richardsoni, Notropis roseus, 534 

redfin shiner, northern, 514 richardsoni, Notropis texanus, 534 

redfin shiner (Notropis chrysocephalus), 523 Richardson shiner, 534 
redfin shiner (Notropis cornutus), 518 riffle sucker, 678 

redfin shiner (Notropis lutrensis), 554 ringed crappie, 857 

redfin shiner (Notropis umbratilis), 37, 118, 183, 514-517; as asso- ringed perch, 886 

ciate, 513, 526, 557, 839; spawning habits of, 556; as co-spawner, ringtail perch, 886 

826, 841; as nest marauder, 837 river carp, 638 

redfin sucker, 665 bluntnose, 638 

redhorse(s), 12, 13, 31, 138, 543, 670, 679; as prey, 210; commercial river carpsucker, 130, 132, 187, 634-637, 638; as egg predator, 248; 

catch of, 645, 691; as egg predator, 686, 837; as bait, 732 as associate, 435, 494, 522, 552, 565, 577, 594, 614, 640, 645, 

redhorse, black, 653-656. SEE ALso black redhorse 797, 842, 917; as competitor, 618, 628; palatability of, 628, 629; 

common, 665, 670 commercial catch of, 633, 641 

finescale, 653 river chub, 472, 479, 485 

golden, 657-660. SEE ALso golden redhorse river darter, 32, 33, 166, 194, 912-914; as associate, 494, 513, 529, 

greater (Moxostoma carinatum), 674 614, 628, 632, 636, 861, 897, 917, 939 

greater (Moxostoma valenciennesi), 670-673. SEE ALSO greater red- river emerald shiner, 505 

horse river herring, 265, 270 
northern, 665 river lamprey, 201, 208
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river mullet, 674 salmon, Atlantic. SEE Atlantic salmon 

river perch, 886 chinook, 312-315. SEE ALso chinook salmon 

river pike, 880 coho, 307-311. SEE ALSO coho salmon 

river redhorse, 32, 37, 140, 189, 674-677 humpback, 304 

river shad, 270 jack, 871, 880 
river shiner, 122, 183, 527-529; as associate, 435, 494, 498, 504, 522, king, 312 

565, 577, 590, 594, 628, 632, 640, 797, 861, 917, 920, 931 landlocked, 323 
river shiner, Arkansas, 547 Pacific, 287 

river snapper, 697 pink, 304-306. Sgr ALso pink salmon 
river whitefish, 284 silver, 307 

roach, 432, 844 sockeye, 304 

American, 432 spring, 312 

roachback buffalo, 625 white, 871 

Roccus chrysops, 789 Salmonidae, 68, 287-290, 739 

interruptus, 794 salmonids, 287, 808, 891; propagation and distribution of, 21; im- 

mississippiensis, 794 portance of, 288-290; introduction of, 288-290; predation on 
rock bass, 21, 152, 193, 423, 533, 827, 846, 852-856; parasites of, 39, eggs of, 973; as predators, 973, 978; as forage, 987. SEE ALSO 

40; as predator, 207, 408, 411, 480, 488, 508, 586, 772, 911; as salmon(s) 

forage, 310, 381, 401, 731; as associate, 435, 445, 449, 475, 513, Salmoninae, 89, 90, 287, 288-290 

522, 529, 561, 565, 568, 585, 632, 649, 660, 668, 691, 705, 706, salmon trout, 323 

727, 807, 821, 831, 839, 849, 861, 901, 906, 954; bait for, 462, Salmo salar, 35, 90, 92, 96, 290 

604; removal or thinning of, 815-816; palatability of, 892 Salmo trutta, 35, 291-297. SEE ALSo brown trout 

rock bass, northern, 852 Salvelinus, 91, 288 

rockfish, 221, 907 Salvelinus fontinalis, 316-322. SEE ALSO brook trout 

rock perch, 957 namaycush namaycush, 323-329. SEE ALSO lake trout 

rock sturgeon, 221 namaycush siscowet, 330-332. SEE ALSO siscowet 
rock sucker, 216 sand bass, 822 

rock sunfish, 852 sand darter, 918 

roller, sand, 741 eastern, 918 
rooter, blue, 621 rough, 915 

rosefin shiner, 928 western, 918-920. SEE ALso western sand darter 

roseus, Notropis, 534 sand herring, 341 

roseus richardsoni, Notropis, 534 sand pickerel, 880 

rostrata, Anguilla, 257-261. SEE ALso American eel sandpike, 880 

rosy-faced minnow, 510 sand pike-perch, 880 

rosyface shiner, 119, 182, 510-513; spawning of, 487; as associate, sand roller, 741 

488, 526, 552, 565, 568, 581, 660, 727, 839, 849, 855, 906, 914; sand shiner, 122, 185, 527, 533, 562-565, 566; as forage, 247; as 

predation on eggs of, 935 associate, 424, 466, 488, 491, 494, 501, 504, 508, 513, 522, 526, 

rotgut minnow, 476 529, 544, 552, 557, 581, 590, 594, 628, 632, 660, 700, 706, 721, 
rough-head, 518 762, 839, 842, 849, 861, 911, 914, 917, 920, 931 

rough sand darter, 915 sand shiner, northeastern, 562 

round buffalo, 621, 625 sand sturgeon, 227 

roundhead buffalo, 615 Sarda sarda, 251 

round sunfish, 828 sardines, 263 

round whitefish, 98, 99, 178, 372-375; as prey, 213; as egg predator, satinfin minnow, 549 

374 sauger, 158, 159, 193, 873, 877, 880-885, 962; as associate, 494, 529, 

router, 621, 625 614, 632, 636, 664, 691, 793, 870, 877, 917, 931; as predator, 508, 
blue, 621 744, 960; as forage, 792; as competitor, 875 

rubber nose, 221 sauger, eastern, 880 

rubbertail, 822 sawbelly, 265, 273 

rubellus, Notropis, 510-513. SEE ALSO rosyface shiner sawbelly shad, 265 

rubreques, Moxostoma, 670 sayanus, Aphredoderus, 735-738. SEE ALSO pirate perch 

rudd, European, 417 scaled ling, 251 

ruddy sturgeon, 221 scaly johnny darter, 921 

rupestris, Ambloplites, 852-856. SEE ALSO rock bass Scaphirhynchus albus, 219 

platorynchus, 84, 174, 227-230. SEE aLso shovelnose sturgeon 

sailfish, 638 Scardinius erythrophthalmus, 36, 417 

sailor fish, 640 Schilbeodes gyrinus, 719 

salar, Salmo, 290 mollis, 719 

Salmo gairdneri, 298-303. SEE ALSO rainbow trout schooling, 814; benefits of, 557; formation of, 594 

salmoides, Micropterus, 809-816. SEE ALSO largemouth bass Sciaenidae, 74, 955-956 

salmon(s), 13, 18, 26, 32, 41, 89, 90, 96, 289, 377, 975; mortality of, Scotch brown trout, 291 

14; establishing new stocks of, 26; as predator, 269, 306, 314. sculpin(s), 74, 168, 963-964; as associates, 216, 327, 470; as forage, 
SEE ALSO salmonids 294, 329, 332, 338, 381, 749, 805; as predators, 301, 306, 314,
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sculpin(s) (continued) creek, 518 
786; predation on eggs of, 598; as egg predators, 963-964; as duskystripe, 579 

other common name, 965, 969, 974 eastern, 518 

sculpin, common, 969 eastern bigmouth, 545 

cow-faced, 979 eastern golden, 432 

deepwater, 965-968. SEE ALso deepwater sculpin eastern spotfin, 549 

fourhorn, 965 emerald, 505-509. SEE ALSO emerald shiner 

Great Lakes fourhorn, 965 Evermann, 534 

Great Lakes mottled, 969 ghost, 566, 570-571. SEE ALso ghost shiner 

lake, 965, 969 golden, 432-436. SEE Aso golden shiner 

mottled, 969-973. SEE aso mottled sculpin Great Lakes spottail, 540 
northern, 974 ironcolor, 530-533. SEE ALSO ironcolor shiner 

northern mottled, 969 lake, 505 

Rice’s, 979 lake emerald, 505 

slimy, 974-978. SEE ALso slimy sculpin Lake Michigan, 505 

spoonhead, 979-981. SEE ALso spoonhead sculpin Milwaukee, 505 

sea lamprey, 32, 79, 80, 173, 207, 211-215, 787; control of, 26; as mimic, 566-569. SEE ALSO mimic shiner 

predator, 289, 301, 302, 306, 327, 328, 332, 333, 340, 345, 355, northeastern sand, 562 

360, 366, 368, 402, 686, 691, 878, 961 northern blacknose, 572 
sea lamprey, great, 211 northern mimic, 566 

landlocked, 211 northern redfin, 514 

sea trout, 307 northern spottail, 540 

semifasciata, Percina caprodes, 907 northern weed, 534 

Semotilus, 448, 455, 463, 485 pallid, 502-504. SEE aso pallid shiner 

atromaculatus, 437-441, SEE ALso creek chub pugnose, 558-561. SEE ALso pugnose shiner 

atromaculatus atromaculatus, 437, 680 pug-nosed, 558 

atromaculatus thoreauianus, 437 red, 554-557. SEE ALSO red shiner 

margarita, 442-445, 463. SEE ALSO pearl dace redfin (Notropis chrysocephalus), 523 

margarita nachtriebi, 442 redfin (Notropis cornutus), 518 

Serranidae, 787 redfin (Notropis lutrensis), 554 

sewage effluent, use of, 605 redfin (Notropis umbratilis), 514-517. SEE aso redfin shiner 

shad(s), 263; as other common name, 265, 270, 273, 857 redhorse, 554 

shad, eastern gizzard, 273 Richardson, 534 

European, 265, 270 river, 527-529. SEE ALso river shiner 

gizzard, 273-277. Sex Aso gizzard shad river emerald, 505 
golden, 265, 270 rosefin, 928 

hickory, 273 rosyface, 510-513. SEE ALso rosyface shiner 

jack, 273 sand, 562-565. SEE ALSO sand shiner 

mooneye, 281 silver, 518 

mud, 273 southern sand, 562 

river, 270 spotfin, 549-553. SEE ALSO spotfin shiner 

white, 284 spottail, 540-544. SEE atso spottail shiner 

young, 432 steelcolored, 549 

shallowwater cisco, 341 striped, 523-526. SEE Aso striped shiner 
sharpnosed darter, 894 Topeka, 521, 558 

sheep's head, 18 weed, 534-536. SEE ALSO weed shiner 

sheepshead, 732, 957 western bigmouth, 545 

lake, 957 western spotfin, 549 

shell back sturgeon, 221 shooter, stream, 472 

shiner, 505, 518, 523, 527, 537, 540, 558, 566, 570, 863 shore minnow, 562 

Arkansas river, 547 shortbill gar, 241 

bigmouth, 545-548. SEE aLso bigmouth shiner shorthead mullet, 665 
big-mouthed, 545 shorthead redhorse, 140, 188, 665-669; as associate, 424, 488, 494, 

blackchin, 537-539. SEE axso blackchin shiner 498, 501, 504, 508, 513, 529, 548, 565, 585, 590, 594, 614, 632, 

blacknose, 572-574. SEE ALso blacknose shiner 636, 640, 645, 660, 797, 807, 826, 861, 877, 906, 911, 914, 917, 

blacktail, 557 920, 931; spawning of, 663; as forage, 806 

bleeding, 579 shortjaw chub, 350 

buckeye, 505 shortjaw cisco, 37, 103, 177, 333, 350-352; as forage, 332; abun- 

central bigmouth, 545 dance of, 360 
central common, 523 shortnose chub, 347 

channel mimic, 566 shortnose cisco, 36, 103, 347-349, 352; distribution of, 333; decline 

common (Notropis chrysocephalus), 523 of, 359 
common (Notropis cornutus), 518-522. SEE ALSO common shiner shortnose gar, 32, 33, 85, 174, 241-243; as associate, 504, 691, 877 

common emerald, 505 shovelhead cat, 728
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shovelnose cat, 728 small catfish, 702 

shovelnose sturgeon, 84, 174, 227-230, 261; as associate, 494, 614, smallheaded mullet, 657 
636, 917, 931 smallmouth, 801 

shumardi, Percina, 912-914. SEE ALSo river darter smallmouth bass, 21, 40, 153, 192, 410, 639, 801-808, 812, 821, 885; 

sibiricus, Cottus, 979 as forage, 210, 247, 253, 296, 310, 329, 401, 461, 805, 806; as 

sicculus, Labidesthes, 769-773. SEE ALSO brook silverside associate, 302, 435, 445, 449, 475, 484, 488, 494, 501, 504, 522, 

side, line, 809 526, 529, 552, 557, 565, 568, 577, 581, 585, 590, 594, 614, 632, 
siltation, effects of, 546, 550, 555, 562, 580, 643, 644, 651, 817, 820— 636, 641, 656, 660, 668, 691, 705, 706, 727, 797, 831, 839, 842, 

821, 826, 840, 895, 919, 925, 946, 949. SEE aLso turbidity 849, 855, 861, 897, 901, 906, 911, 917, 920, 931, 939, 954; as 

silverband shiner, 33 predator, 411, 441, 475, 480, 488, 522, 544, 568, 652, 686, 727, 

silver bass, 789, 857, 863, 957 762, 772, 781, 805, 861, 891, 925; as competitor, 411, 839, 878; 

silver carp, 630, 638 spawning of, 811 

silver chub, 111, 182, 492-494, 741; as associate, 529, 614, 628, 632, smallmouth bass, northern, 801 

636, 645, 861, 917, 931 smallmouth black bass, 801 

silver crappie, 857 smallmouth buffalo, 134, 187, 625-629; as associate, 529, 614, 619, 

silver eel, 257 624, 632, 636, 640, 861; as competitor, 618; habitat of, 623; pal- 

silverfin minnow, 549 atability of, 628, 629 

silver fish, 789 small-mouthed minnow, 575 

silverjaw minnow, 33, 546 smell sensitivity. SEE odor discrimination 

silver lamprey (Ichthyomyzon castaneus), 208 smelt(s), 68, 377; as other common name, 379 
silver lamprey (Ichthyomyzon unicuspis), 82, 173, 201-203, 204; as smelt, rainbow, 379-384. SEE ALSO rainbow smelt 

associate, 207, 208; as predator, 402 American, 379 

silver lamprey, northern, 201 freshwater, 379 

silver mullet, 661 smoothback, 221 

silver muskellunge, 398 snake, 398 

silver pike, 398 snake pickerel, 398 

silver redhorse, 141, 188, 661-664, 667; as associate, 565, 585, 619, snapper, river, 697 

624, 640, 660, 668, 906, 920; abundance of, 666, 669 snubnose darter, 926 

silver salmon, 307 sockeye salmon, 304 

silver shiner, 518 soldier darter, 932 

silverside(s), 74, 767; as other common name, 518 sound discrimination, 832, 837, 842, 846 

silverside, brook, 769-773. SEE ALSO brook silverside sound production, 552, 557, 956, 958-959, 960 

lake, 505 sounds, courtship, 824, 837, 842, 846 
northern, 769 southern redbelly dace, 112, 114, 180, 455-458, 459, 460, 487, 639; 

silver trout, 298 as associate, 396, 470, 480, 508, 557, 949 

silvery carp, 634 southern sand shiner, 562 

silvery chub, 437 spadefish, 233 
silvery minnow, 587 spathula, Polyodon, 233-237. SEE atso paddlefish 

eastern, 587, 588, 589, 590 spawneater, 540 

Mississippi, 587-590. SEE ALSO Mississippi silvery minnow spawning, crevice, 551 

siscowet, 12, 94, 330-332; as predator, 352, 968 fractional, 416, 551, 553 

siscowet, Salvelinus namaycush, 330-332 spearfish, 638 
sixspined stickleback, 777 speck, 863 

skimback, 638, 640 speckled bass, 863 

skimfish, 638 speckled bullhead, 702 

skipjack, 270, 273, 510, 518, 769 speckled cat, 251, 702 

skipjack herring, 36, 87, 175, 270-272 speckled char, 316 
slenderhead darter, 165, 193, 894-897; as associate, 494, 585, 614, speckled chub, 37, 111, 182, 495-498, 594, 614, 628, 636, 645, 797, 

636, 807, 917, 931, 939 917, 920, 931 
slenderheaded sucker, 611 speckled crappie, 863 

slender madtom, 37, 147, 190, 722-724 speckled perch, 857, 863 

slender stonecat, 722 speckled sucker, 642 

slender sucker, 682 speckled trout, 316 

slicker, 467 spilopterus, Notropis, 549-553. SEE aso spotfin shiner 

slimy muddler, 974 spilopterus hypsisomatus, Notropis, 549 

common, 974 spilopterus spilopterus, Notropis, 549 
slimy sculpin, 32, 170, 196, 466, 974-978; as forage, 749, 890; as egg spineless catfish, 747 

predator, 973, 978 spinulosus, Cottus, 979 

slough bass, 809 splake, 21, 316, 323, 329 
slough buffalo, 615 spoonbill cat, 233 

slough darter, 928 spoonhead, 969 

slough pickerel, 393 spoonhead muddler, 979 

small black brook lamprey, 216 spoonhead sculpin, 33, 169, 196, 979-981; as associate, 371; as for- 

small black lamprey, 216 age, 749
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spotfin pike, 880 stone lugger, 476, 678 
spotfin shiner, 11, 123, 184, 533, 549-553, 554; as associate, 396, stoneroller(s), 978; as other common name, 476, 678 

424, 435, 441, 491, 494, 498, 504, 508, 513, 522, 526, 529, 536, stoneroller, central, 476-480. SEE ALSO central stoneroller 

548, 565, 577, 585, 590, 594, 614, 628, 632, 636, 640, 645, 762, common, 476 

797, 826, 839, 842, 861, 867, 906, 914, 917, 920, 931, 939; as largescale, 481-484. Sex Axso largescale stoneroller 

forage, 440, 442, 572, 664, 668, 727; abundance of, 527 stoneroller minnow, Mississippi, 476 

spotfin shiner, eastern, 549 Wisconsin, 477, 481 

western, 549 stone sturgeon, 221 
spot-tail, 251, 540 stone toter, 678 

spottail minnow, 540 storeriana, Hybopsis, 492-494. Srx aso silver chub 

spottail shiner, 123, 184, 540-544; as forage, 247, 283, 310, 792; as Storer’s chub, 492 

associate, 337, 396, 435, 466, 491, 504, 522, 529, 577, 590, 614, stramineus, Notropis, 562-565. SEE ALSO sand shiner 

628, 632, 636, 640, 691, 706, 744, 786, 793, 797, 861, 867, 897, stramineus missuriensis, Notropis, 562 

914, 920, 939; as egg predator, 543, 842 stramineus stramineus, Notropis, 562 

spottail shiner, Great Lakes, 540 strawberry bass, 844, 857, 863 

northern, 540 straw-colored minnow, 562 . 
spotted bass, 33, 801 streaker, 789, 794 

spotted black bass, 731 streamline chub, 489 

spotted cat, 712 stream shooter, 472 
spotted chub, 489 striped bass, 787, 789, 794 

spotted gar, 33 striped dace, 467 
spotted redhorse, 642 striped fantail darter, 945 

spotted sucker (Hypentelium nigricans), 678 striped minnow, 763 

spotted sucker (Minytrema melanops), 135, 187, 642-645; as asso- striped perch, 886 
ciate, 396, 522, 536, 867, 877, 928; abundance of, 669 striped shiner, 37, 117, 183, 518, 523-526; as egg predator, 469; as 

spotted sunfish, 844 co-spawner, 512; as associate, 513, 839 
spotted trout, 291 striped sucker, 642 

springfish, 969 striped topminnow, 763 

spring herring, 265 striper, 794 

spring salmon, 312 stubnose buffalo, 615 
squaretail, 316 stubnose gar, 241 

squaretailed trout, 316 stumpknocker, 817 

stargazer, 974 stunting, 827, 833, 893; control of, 28, 850, 851, 862, 868 
starhead topminnow, 37, 148, 191, 763-765 sturgeon(s), 18, 21, 40, 65, 83, 219, 234; as prey, 201; as egg preda- 
steel-backed chub, 476 tors, 224 

steelcolored shiner, 549 sturgeon, black, 221 

steelhead, 269, 298 bony, 221 

steelhead trout, 298 Chinese, 231 

sterletus, Hybopsis aestivalis, 495 common, 221 
stickleback(s), 69, 149, 775; as forage, 319, 329, 338, 805; as other dogface, 221 

common name, 782 flathead, 227 

stickleback, black, 777 freshwater, 221 
brook, 777-781. SEE ALSO brook stickleback Great Lakes, 221 

common, 777 lake, 221-226. SEE ALso lake sturgeon 

fivespined, 777 pallid, 219 

freshwater, 777 red, 221 

many-spined, 782 rock, 221 
ninespine, 782-786. SEE ALSO ninespine stickleback ruddy, 221 

sixspined, 777 sand, 227 

tenspined, 782 shell back, 221 

variable, 777 shovelnose, 227-230. SEE ALSO shovelnose sturgeon 

stinger, 697 stone, 221 

Stizostedion, 158, 494, 870 sturgeon sucker, 688 
canadense, 880-885. SEE ALSO sauger sucetta, Erimyzon, 646-649. SEE ALso lake chubsucker 

vitreum glaucum, 871 sucetta kennerlii, Erimyzon, 646 
vitreum vitreum, 871-879. SEE ALSO walleye sucetta sucetta, Erimyzon, 646 

stocking, effects of, 851, 868 sucker(s), 12, 18, 29-30, 52, 73, 130, 607-610, 660, 758; manage- 

stonecat, 33, 146, 190, 533, 725-727; as associate, 424, 488, 581, 590, ment of, 29; value of, 31; parasites of, 40; as forage, 213, 214, 

660, 668, 807, 826, 849, 897, 939, 949; as forage, 806 409, 731, 805; as egg predators, 224, 318, 878; predation on 
stonecat, slender, 722 eggs of, 329; as other common name, 682; spawning of, 887 

tadpole, 719 sucker, bigheaded, 678 
yellow, 725 big-jawed, 674 

stone catfish, 725 bigscale, 665 

stonecat madtom, 725 black, 642, 678, 682, 688



Index 1049 

blue (Cycleptus elongatus), 611-614. SE ALso blue sucker bluemouth, 844 
blue (Moxostoma duquesnei), 653 blue-spotted, 822 

brook, 682 central longear, 834 

coarse-scaled, 682 chainsided, 844 

common, 682 common, 828 

common mud, 682 creek, 822 

common white, 682 dwarf, 840 

corncob, 642 green, 822-827. SEE ALSO green sunfish 

eastern, 682 longear, 834-839. SEE ALso longear sunfish 

finescale, 688 northern bluegill, 844 

fine-scaled, 682 northern longear, 834 

gray, 682 orangespotted, 840-843. SEE ALSO orangespotted sunfish 

gourdseed, 611 pale, 844 

hammerhead, 678 pigmy, 840 

highfin, 638 pumpkinseed, 828 
hognose, 678 redbreast, 817, 822, 828, 844 

June, 682 redear, 718, 817, 822, 844 

long-finned, 630 redspotted, 840 

longnose, 688-691. SEE ALso longnose sucker rock, 852 

longtailed, 661 round, 828 
Missouri, 611 spotted, 844 

northern, 688 wide-mouthed, 817 

northern hog, 678-681. SEE ALso northern hog sucker yellow, 828 
pin, 646 sun orientation, 18 

quillback, 630 sun perch, 844 
red, 665, 688 Swainia, 894 

redfin, 665 sweet sucker, 611, 646, 650 

redside, 688 switchtail, 227 
riffle, 678 

slender, 682 tadpole cat, 719 

slenderheaded, 611 tadpole madtom, 33, 147, 190, 533, 719-721; as associate, 396, 529, 

speckled, 642 628, 632, 700, 738, 762, 861, 867, 954; as forage, 813; as bait, 

spotted (Hypentelium nigricans), 678 877 
spotted (Minytrema melanops), 642-645. SEE ALSO spotted sucker tadpole stonecat, 719 
striped, 642 tallow-mouth minnow, 476 

sturgeon, 688 tapetum lucidum, 883 

sweet, 611, 646, 650 temperate bass(es), 53, 76, 150, 787, 792 

white (Carpiodes cyprinus), 630 tench, European, 417 

white (Catostomus commersoni), 682-687. SEE ALSO white sucker tender, buoy, 621, 623 

white (Moxostoma anisurum), 661 tenspine stickleback, 782 

white (Moxostoma duquesnei), 653 tergisus, Hiodon, 284-286. SEE ALSO mooneye 
white (Moxostoma erythrurum), 657 tetranemus, Hybopsis aestivalis, 495 

winter, 642 texanus, Notropis, 534-536. SEE ALSO weed shiner 

suckerel, 611 texanus richardsoni, Notropis, 534 

suckermouth buffalo, 625 Texas golden green, 827 

sucker-mouth dace, 499 the chub, 367 

sucker-mouthed minnow, 499 the herring, 341 

suckermouth minnow, 115, 182, 499-501; as associate, 396, 424, 458, the pilot, 372 

488, 508, 548, 557, 581, 590, 628, 645, 727, 849, 911, 949 thicklipped buffalo, 625 
suckermouth minnow, plains, 499 thinning, effects of, 815-816, 833, 856, 862, 879, 893, 962 

sucking carp, 540 thompsoni, Myoxocephalus, 965-968. SEE ALSO deepwater sculpin 

summerkill, 345, 346 thoreauianus, Semotilus atromaculatus, 437 

sun bass, 828 threespine stickleback, 804, 825 

sunfish(es), 21, 76, 151, 152, 787, 799, 799-800; rescue and transfer thumb, miller’s, 969 

of, 22; parasites of, 40, 42; as forage, 242, 326, 731, 792, 805, northern miller’s, 974 

820, 825, 838; as predators, 390, 396, 411, 807; as egg predators, thunder-pumper, 957 

424, 516; as other common name, 432, 822, 828, 844, 957; pred- Thymallinae, 287, 288 

ation on eggs of, 598; territorial defense of, 811; palatability of, Thymallus arcticus, 288, 319 

911 tiger muskellunge, 21, 405 

sunfish, banded, 852 tiger trout, 21, 176, 291, 316 

black, 817 Tilapia, 36 

blue, 844 tilapia, 623 

blue and orange, 834 Tinca tinca, 417 

bluegill, 844 tinmouth, 857
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tiny burnstickle, 782 trout-perch, 68, 190, 733, 739, 741-744; as forage, 283, 749, 792, 875, 

tommycod, 437 883; as associate, 337, 371, 504, 691, 749, 786 

toothed herring(s), 279, 281, 284 trout-perch, western, 741 

topeka, Notropis, 558 trumpet buffalo, 615 

Topeka shiner, 521, 556, 557, 558 trutta, Salmo, 291-297. SEE ALSO brown trout 

topminnow, 755, 759, 763 tshawytscha, Oncorhynchus, 312-315. See aLso chinook salmon 
blackband, 759 tubercles, breeding. Ser breeding tubercles 

blackeyed, 763 Tuffy minnow, 600 
blackstripe, 759-762. SEE Atso blackstripe topminnow tullibee, 341 

menona, 755 blackback, 264 

starhead, 763-765. SEE ALSO starhead topminnow blackfin, 364 

striped, 763 blueback, 341 

topwater, 769 grayback, 341 
toter, stone, 678 lightback, 350 

tournaments, fishing, 28 paleback, 350 

toxification, fish, 30, 207, 297, 303, 314, 617, 620, 658, 662, 700, 701, tuna, 31 

836, 919, 929, 933, 935, 945, 949, 952; for selective removal, 893 turbidity, 546, 554, 555, 557, 559, 572-573, 580, 587, 595, 643, 644, 
transmontana, Percopsis, 741 670, 675, 683, 814, 816, 826, 835, 836, 840, 867, 943, 946, 949, 

trout(s), 18, 28, 29, 51, 68, 89, 90, 96, 267, 287-290, 444, 522, 739, 952; benefits of, 883-884; effects of on spawning, 933. SEE ALSO 

778; PCB contamination of, 13; entrainment mortality of, 14; siltation, effects of 

sport catch of, 26; parasites of, 39, 40, 41, 42; as forage, 210, tyee, 312 

294; as predators, 301, 306, 314, 319, 758, 964; as competitors, 

449; as associates, 470, 803, 975; predation on eggs of, 972 Umbra limi, 178, 387-390. SEE ALso central mudminnow 
trout, brook, 316-322. SEE ALso brook trout pygmaea, 388 

brown, 291-297. Sze atso brown trout umbratilis, Notropis, 514-517. SEE Aso redfin shiner 

coaster: brook, 316 umbratilis cyanocephalus, Notropis, 514 

coast rainbow, 298 umbratilis umbratilis, Notropis, 514 
common brook, 316 Umbridae, 70, 385 

eastern brook, 316 umbrids, 539, 829 

English brown, 291 unicuspis, Ichthyomyzon, 201-203. SEE ALSO silver lamprey 
European brown, 291 

fat lake, 330 . . 
forktail, 323 valenciennesi, Moxostoma, 670-673. SEE ALSO greater redhorse 

German, 291 variable stickleback, 777 
German brown, 291 vegetation (aquatic), removal of, 560, 573 

gray, 323 velifer, Carpiodes, 638-641. SEE ALso highfin carpsucker 
great gray, 323 vermiculatus, Esox americanus, 393-397. SEE ALSO grass pickerel 

Great Lakes, 323 vigilax, Pimephales, 591-594. SEE ALso bullhead minnow 

green, 809 vigilax perspicuus, Pimephales, 591 

Kamloops, 298 vigilax vigilax, Pimephales, 591 

lake, 323-329. SEE ALSO lake trout Villarius lacustris, 712 « 
lean, 323 vitreum glaucum, Stizostedion, 871 

Loch Leven, 291 vitreum vitreum, Stizostedion, 871-879. SEE ALSO walleye 

mackinaw, 323 volucellus, Notropis, 566-569. SEE ALSO mimic shiner 
mountain, 801 volucellus buchanani, Notropis, 566, 570 

mud, 316 volucellus volucellus, Notropis, 566 
native, 316 volucellus wickliffi, Notropis, 566 

Pacific, 298 Von Behr trout, 291 

rainbow, 298-303. SEE ALSO rainbow trout 

red-sided, 298 walleye (Stizostedion canadense), 880 
redspotted, 316 walleye (Stizostedion v. vitreum), 21, 29, 158, 159, 193, 390, 403, 413, 

salmon, 323 466, 742, 870, 871-879, 882, 962; mercury contamination of, 12; 

Scotch brown, 291 propagation and distribution of, 20, 21, 808, 850; decline of, 

sea, 307 23; mortality of, 23, 24, 890; sport catch of, 26; parasites of, 39, 

silver, 298 40; as forage, 213, 214, 247, 749, 883; as predator, 213, 260, 283, 

speckled, 316 310, 382, 411, 441, 586, 599, 668, 686, 706, 744, 781, 786, 832, 

spotted, 291 867, 884, 891, 893, 911, 925, 960; sensitivity to poisons of, 215; 
squaretailed, 316 as associate, 396, 441, 494, 522, 529, 536, 552, 565, 590, 594, 

steelhead, 298 614, 632, 636, 640, 645, 673, 691, 821, 861, 867, 906, 917, 920, 
tiger, 291 931; as egg predator, 422; predation on eggs of, 422, 686, 892; 

Von Behr, 291 bait for, 435, 480, 488, 508, 522, 544, 604, 668, 686, 721; man- 
white, 801 agement of, 850; abundance of, 880, 884; effects of turbidity 

trout indicator species, 295, 465, 470, 478, 973 on, 883-884; spawning of, 886; palatability of, 892
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walleye, yellow, 871 white salmon, 871 

walleyed pickerel, 871 white shad, 284 

walleyed pike, 871 white sucker (Carpiodes cyprinus), 630 

walleyed pikeperch, 871 white sucker (Catostomus commersoni), 137, 189, 533, 648, 658, 665, 
walleye pike, 871 682-687, 732; value of, 31, 691; as forage, 202, 210, 395, 401, 

warmouth, 32, 153, 192, 817-821; as associate, 441, 536 410, 488, 522, 806, 875; as associate, 295, 319, 390, 396, 411, 

warmouth bass, 817 424, 435, 441, 445, 449, 454, 458, 461, 466, 470, 480, 484, 488, 

waterbelly, 361 501, 508, 513, 517, 522, 536, 539, 544, 548, 552, 557, 565, 568, 

Weberian ossicle, 416 577, 581, 585, 590, 604, 632, 640, 645, 660, 668, 681, 691, 700, 
weed bass, 817 706, 710, 721, 727, 744, 762, 807, 842, 849, 867, 901, 906, 911, 

weed darter, 940 925, 936, 945, 973, 978; as egg predator, 375, 685, 686, 837, 910; 

weed shiner, 37, 121, 183, 534-536; as associate, 396, 441, 504, 522, as competitor, 450; predation on eggs of, 470, 935; abundance 
640, 645, 797, 842, 867; as forage, 536 of, 669; spawning of, 672; sensitivity to toxicity of, 780; thin- 

weed shiner, northern, 534 ning of, 816, 879 

wendigo, 329 white sucker (Moxostoma anisurum), 661 

western banded killifish, 755 white sucker (Moxostoma duquesnei), 653 

western bigmouth shiner, 545 white sucker (Moxostoma erythrurum), 657 

western blacknose dace, 467 white sucker, common, 682 

western creek chubsucker, 651 white trout, 801 
western goldeye, 281 white-whiskered bullhead, 708 

western grass pickerel, 393 wickliffi, Notropis, 566 

western lake chubsucker, 646 wickliffi, Notropis volucellus, 566 

western lamprey, 208 wide-mouthed sunfish, 817 

western mudminnow, 387 willow cat, 712 

western sand darter, 32, 33, 37, 160, 194, 918-920; as associate, 435, windfish, 432 

498, 504, 513, 522, 529, 552, 565, 577, 590, 628, 632, 640, 797, Winnipeg goldeye, 281 
861, 914; habitat of, 916; burrowing behavior of, 917 winterkill, 943 

western spotfin shiner, 549 winterkill lakes, characteristics of, 694 

western trout-perch, 741 winter sucker, 642 

white bass (Morone chrysops), 13, 150, 191, 789-793, 886, 962; as Wisconsin muskellunge, 405 

forage, 247, 706, 792, 805, 883; as associate, 396, 435, 504, 529, Wisconsin stoneroller minnow, 477, 481 

543, 565, 577, 590, 614, 619, 624, 628, 632, 636, 640, 691, 797, wood bass, 817 

861, 867, 877; as predator, 508, 544, 700, 772, 960; bait for, 599, 
604, 936; as co-spawner, 795; decline of, 797; abundance of, x-punctata, Hybopsis, 489-491. SEE ALso gravel chub 

849, 867 x-punctata trautmani, Hybopsis, 489 

white bass (Pomoxis annularis), 857 x-punctata x-punctata, Hybopsis, 489 

white buffalo, 615 
white carp, 625, 630, 634, 638 yellow, 871 

white cat, 712, 725 yellow bass (Micropterus dolomieui), 801 

white catfish, 697, 702, 708, 712, 728 yellow bass (Morone mississippiensis), 32, 150, 191, 604, 794-797; as 

white crappie, 151, 193, 857-862, 865; as associate, 396, 424, 435, forage, 247; as associate, 396, 529, 594, 628, 632, 793, 861, 867; 

491, 504, 522, 529, 577, 585, 590, 632, 641, 867, 877, 920; abun- as competitor, 789; as predator, 797; abundance of, 833, 867, 
dance of, 833, 864, 867, 886; habitat of, 864; spread of, 867. SEE 886 

ALSO crappie(s) yellowbellied cat, 708 

white-eye, 871 ‘ yellowbelly, 940 

whitefish, 14, 18, 21, 89, 98, 333; propagation of, 19; stocking of, yellow belly bullhead, 697 

20; as other common name, 335 yellowbelly dace, 459 

whitefish, brownback, 369 yellow bullhead, 33, 145, 189, 706, 708-711; as associate, 508, 681, 

common, 335 762, 897, 902, 906; as bait, 732 

Coulter's, 369 yellow bullhead, northern, 708 

cross, 372 yellow cat, 708, 728 

eastern, 335 yellow catfish, 708 
Great Lakes, 335 yellow herring, 281 

inland lake, 335 yellow perch, 21, 26, 158, 193, 396, 413, 609, 848, 870, 886-893, 962; 

lake, 335-340. SEE ALSO lake whitefish mercury contamination of, 12, 855; mortality of, 23, 24, 648; 
Menominee, 372 harvest of, 26, 877, 962; propagation of, 28; parasites of, 38, 39, 

pygmy, 369-371. SEE ALso pygmy whitefish 40, 42; as forage, 213, 214, 242, 247, 253, 283, 310, 329, 381, 

river, 284 395, 400, 401, 409, 699, 706, 749, 792, 805, 813, 866, 874, 875, 

round, 372-375. SEE ALSO round whitefish 876, 879, 883; decline of, 268; as associate, 296, 302, 310, 319, 

whitehorse, 682 337, 374, 396, 411, 435, 504, 513, 522, 529, 543, 552, 565, 574, 
white lake bass, 789 577, 594, 599, 614, 632, 636, 640, 649, 673, 691, 721, 744, 762, 

whitenose redhorse, 661 792, 793, 832, 855, 861, 867, 876-877, 906, 920, 943; as preda- 

white perch, 787, 857, 957 tor, 339, 382, 396, 402, 408, 411, 508, 568, 744, 750, 772, 781,
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yellow perch (continued) yellow stonecat, 725 

786, 805, 807, 832, 849, 867, 884; as egg predator, 345, 375, 878; yellow sunfish, 828 
control of, 404, 413, 878; bait for, 462, 508, 513, 599, 604, 773, yellow walleye, 871 
936; as competitor, 544, 875; sensitivity to toxicity of, 780; thin- young shad, 432 

ning of, 816; stunting of, 850; stocking of, 868; palatability of, 

911 zebra fish, 907 
yellow pickerel, 871 zenithicus, Coregonus, 350-352. SEE ALSO shortjaw cisco 

yellow pike, 871 zonale, Etheostoma, 929-931. SEE ALso banded darter 
yellow pikeperch, 871 zoned darter, 929
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