
728 State Street   |   Madison, Wisconsin 53706   |   library.wisc.edu

Aquatic community interactions of
submerged macrophytes : phytoplankton,
zooplankton, macrophytes, fishes, bentos.
No. 156 1985

Engel, Sandy
Madison, Wisconsin: Wisconsin Department of Natural Resources,
1985

https://digital.library.wisc.edu/1711.dl/3YPDM7TAEOESS9C

http://rightsstatements.org/vocab/InC/1.0/

For information on re-use see:
http://digital.library.wisc.edu/1711.dl/Copyright

The libraries provide public access to a wide range of material, including online exhibits, digitized
collections, archival finding aids, our catalog, online articles, and a growing range of materials in many
media.

When possible, we provide rights information in catalog records, finding aids, and other metadata that
accompanies collections or items. However, it is always the user's obligation to evaluate copyright and
rights issues in light of their own use.



V. i 

a | Aquatic Community 
Nat. e 

a Interactions of 
156 Submerged Macrophytes 

Phytoplankton STATE 
Zooplankton CAL on 
Macrophytes a 

Fishes 1996 
Benthos 

Porn Sag ce <a Pg Ee rp, cca peat ibs, hog, temetge 

a sige Ge a ane q ae Wy gS Cay Nec’ | a ager ote 
oe: “Noise or syle ea oy ge 

Eergeeveeeny, el pean a, Pees (i 4 ee if big 
ee (see ce a eg 

VLA Lage a GU WWW foe” Ay AZ A We, 
NIE po, ARO ee gE LM, Be WLI OF IPP) hue ie NE Ait me Lolli WS \ Be a 

eT Ee cfs Ley RERUN Gi es} EV Zh J RF 
TAD VOW Ba TASS 4 [eA ON 

Sy [07 817, ate MEL/ fete ot SP a Wi (if IY Re ‘ peo SA p i oo J 

eC AGE ANS Vee Ly Pad le 

SUI 
Technical Bulletin No. 156 rh - 
DEPARTMENT OF NATURAL RESOURCES 
Madison, Wisconsin 

1985



“When one tugs at a single thing in nature, 
he finds it attached to everything else in the world.” 

- John Muir 

Dominating the shallows of many this shallow impoundment is impor- cles will detail (1) impacts of harvest- 

lakes are large flowering plants. Essen- tant not for its recreational value, but ing lake vegetation on Halverson Lake, 
tial as fish and waterfowl habitat, these as a model to understand plant com- (2) mechanical harvesting programs in 

underwater prairies are so intricately munity interactions unhampered by Wisconsin, and (3) creative lake-use 
bound to the food web of lakes that excessive runoff, pesticides, speed boat- plans for managing with macrophytes. 
eradicating them for boating or swim- ing, and other disturbances. Frequent The latter is introduced in the conclud- 
ming has not always been successful reference to relevant literature on ing section of the present work. 

or desirable. A comprehensive study of aquatic plants broadens the base of the I hope that this technical bulletin 
the ecology of macroscopic plants was study. will ultimately serve lake managers as 

needed to move forward with develop- This treatise forms the core of sev- a useful reference source for informa- 

ing new management strategies. eral publications dealing with innova- tion and ideas on macrophytes and 
This study, conducted by the tive approaches to plant management. their ecology. 

DNR’s Bureau of Research, details the Drawdown and bottom blanketing, re- 
seasonal wax and wane of plants and movable screening, and mechanical 
associated life in Halverson Lake. Nes- harvesting are subjects of previous Kent E. Klepinger 
tled in Wisconsin’s hilly southwest, works by the author. Forthcoming arti- October 1985 

The community structure and interactions of submerged macrophytes were 

examined from 1977 through 1983 in Halverson Lake, a shallow 4-ha (10-acre) 

impoundment in southwestern Wisconsin. 
Divers sampled macrophytes along transects; an Ekman dredge, suspended 

multiple-plate samplers, and plant nets gathered macroinvertebrates; fishes were 

boom shocked; and plankton were vertically collected with a net or Kemmerer 

sampler. 
Vascular plants covered 40-70% of the bottom in June-August, stratified verti- 

cally into three layers, and spread in zones to a depth of 3.5 m (11.5 ft). Standing 
crop reached 130-200 g/m2 (dry weight) in July and consisted mostly of 

Berchtold’s, curly-leaf, and sago pondweeds (Potamogeton spp.), coontail (Cer- 

atophyllum demersum L.), and water stargrass (Heteranthera dubia (Jacq.)). 
Macroinvertebrates congregated on or beneath macrophytes, where they were 

grazed by bluegills (Lepomis macrochirus Raf.) and largemouth bass (Micropterus 

salmoides (Lacepéde)). Bluegills also consumed macrophytes. Black crappies 
(Pomozis nigromaculatus (Lesueur)) ate zooplankton offshore. Rotifers domi- 
nated the net zooplankton. Blue-green algae amassed after June, in response to 
nutrient runoff and macrophyte decay. 

Submerged macrophytes functioned to create microhabitats and microcli- 

mates inshore, selectively shelter fishes and their prey, replenish detritus and 

benthic algae eaten by invertebrates, diversify the zooplankton, and improve wa- 
ter clarity by stabilizing sediments and storing nutrients.
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Lake and waters in Wisconsin and neighboring states. These 
are identified by number as 1 (Beckman 1946: 175 Michigan 
lakes); 2 (Bennett 1937: A-18 lakes and B-Yahara River 

chain, southern Wisconsin); 3 (Churchill 1976: Lake Wingra, 

southern Wisconsin in 1972-74); 4 (Eddy and Carlander 

1942: 79 Minnesota lakes); 5 (Kmiotek and Cline 1952: 13 

southern Wisconsin lakes); 6 (Mackenthun 1946: 17 
southern Wisconsin lakes); 7 (Mayhew 1956: West Okoboji 
Lake, Iowa); 8 (Parker 1958: Flora Lake, northern 

Wisconsin); 9 (Schloemer 1939: Lake Wingra in 1936); and 

10 (Snow 1969: Murphy Flowage, northern Wisconsin).......... 54



The shallows of lakes, clear and Attempts to eradicate nuisance veg- lakes was reviewed to provide manag- 
densely carpeted with summer plants, etation belie their usefulness and rela- ers with a broader base of information 
can be fascinating and mysterious. The tionships with other organisms. Macro- relevant to Wisconsin. Field sampling 
confusion of foliage greeting a diver’s phytes support a diverse community of was designed to assess the impact of 
descent, gives way to thoughtful con- benthos (Allee 1912, Krecker 1939, submerged macrophytes’ on 
templation of form and function, of Rosine 1955). By intercepting runoff, (1) macroinvertebrate composition and 
habitat and diversity. Panfish dart storing nutrients, and stabilizing sedi- distribution; (2) fish activity, diet, and 

among macrophytes* riddled with colo- ments, macrophytes retard algal growth; (3) zooplankton composition 
nizing insects and snails. Busy neigh- blooms and improve water clarity (Ko- and seasonal changes; and (4) phyto- 
borhoods from below the waves become foid 1903, Goulder 1969, Modlin 1970, plankton blooms, primary productiv- 

scorned by boaters and swimmers on Kogan 1972). Suddenly removing mac- ity, and water clarity. These interac- 
the water surface. rophyte beds could reduce water clar- tions were further evaluated by 

Underwater macrophytes pose a ity, force fishes to graze zooplankton harvesting 30-70% of the vegetation 
challenge to lake management. They _ offshore, and stimulate phytoplankton midway through the study. 
can grow too dense or too sparse. Dense blooms from the unstored nutrients The study originated from wide- 
beds of macroscopic algae, mosses, and reduced pressure of invertebrate spread concern about underwater mac- 
stoneworts, or vascular plants (angio- predation. Widespread ecosystem rophytes in lakes, an extensive litera- 
sperms) can impede boating, fishing, changes can result from unwittingly re- ture search, and recommendations by 
and swimming. Decomposing plants | moving macrophyte beds. management staff in a 1976 Depart- 
can release noxious odors, litter This study aimed to determine how mental survey (Research Advisory 
beaches, and remove dissolved oxygen the macrophyte community of a Wis- Council Report to the Natural Re- 

from the water. Young fishescan grow consin lake (1) is organized, sources Board, ‘‘Programs, Problems 
poorly in dense vegetation, from over- (2) changes seasonally and yearly, and and Research Needs in Water Re- 
grazing their food, as well as in sparse (3) interacts with other biota. The role sources Research’’). 

flora, from a scarcity of habitat for | of submerged macrophytes in other 
prey. — 

Halverson Lake, Iowa County, Wis- | tower 14-66 m above the lake surface. TABLE 1. The Halverson Lake drainage 
consin was selected as a research site | The drainage basin of about 250 ha is basin.@ 
because it has extensive vegetation in over 80% covered with woods and eae 

summer, yet contains no carp grassy fields in secondary succession LandUse CA ("%) 
(Cyprinus carpio L.) that uproot plants (Table 1). The fields were pastured and §_ Woods 48 
and create turbidity, never winterkills, lightly cropped before the lake was _— Dry fields 38 
receives little public use, has never __ built, but are now undeveloped. Croplands 5 

been treated with plant or fish toxins, Surrounding soils range from poorly petlands 4 
. . . oads 2 

and allows access to a plant harvester drained silty loams (Etrick and some Halverson Lake LA 
(Engel 1979). Absence of these interfer- Fayette series) near the lake to more —_— Upland ponds 99 
ing factors would permit the broadest permeable sandy soils (Dubuque and @ Total area = 250 ha 
application of research findings. Fayette series) on upland slopes 

Halverson Lake was built as a pri- (Klingelhoets 1962). The soils have 
vate fish hatchery in 1959 by damming been eroded from sandstone slopes and 

a headwater branch of Mill Creek, a limestone bluffs. They are underlain by land springs and enter the north end of 

north flowing tributary of the Wiscon- a bedrock of Cambrian sandstone and the lake. Temporary streams flow to 
sin River. It is located in Governor Galena dolomite, yielding ground wa- the lake after snow melt in March and 
Dodge State Park, in the steep un- ter of moderate but varying hardness. heavy rains in summer. Wetlands of 
glaciated driftless area, and drains into The lake bottom consists of dark or- Type II inland fresh meadows (Shaw 
Twin Valley Lake. Surrounding ridges ganic mud and scattered patches of and Fredine 1956) and nine upland 

sand, clay, and marl. ponds (less than 0.3 ha) intercept these 
The lake and adjoining wetlands stream flows. They function as settling 

* All terms defined in the glossary are | form a ground water discharge unit. basins to reduce lake turbidity. Lake 

shown in bold face type the first time they Springs upwell on the lake bottom. water level is set by a drop inlet struc- 
are used in the text. Two permanent streams arise from up- ture at the dam (Linde 1969). a
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FIGURE 1. Bathymetric map of Halverson Lake, sounded in 1978 and 1979. 

TABLE 2. Morphometry of Halverson The lake basin has an elongated 20-60 pg P/L. Dissolved oxygen be- 

Lake.@ dendritic shape, with several shallow comes depleted below 4 m in summer 

66—e—6—6e603030—07=37=3030¢3@0MD0DG eee bays, reflecting the confluence of for- and winter. 
Parameter ___________—‘Distance(m) = mer stream channels (Fig. 1). The ba- Bluegills (Lepomis macrochirus 

Shoreline length 1,440 sin covers 4.2 ha, averages 2.6m deep, Raf.), black crappies (Pomozis 
Maximum tot cugtn P and increases in depthto7mbeforethe nigromaculatus (Lesueur)), and 

ae eeeh dam (Table 2). About 45% of the lake largemouth bass (Micropierus sal- 
Maximum width 190 . nats : 
Mean width 90 volume lies within 1.5 m of the water § moides (Lacepéde)) were stocked in 

Maximum depth 7 surface, the depth limit of many plant 1959-60 (M. Halverson, pers. comm.). 

Mean depth 2.6 harvesters. A thermocline forms in Motor trolling is prohibited and only 

Relative denth (° summer from 3.5 m to the bottom, battery-powered electric motors are al- 

Goer ‘hay 3 leaving 80% of the open water homoio- lowed on the lake. Anglers mostly fish 

Shoreline development 1.99 thermal and mixed. from shore. Lake use is discouraged by 

Volume development 1.12 Epilimnetic water has a mean total _ absence of an improved boat access, re- 

Total volume (m3) 110.400 hardness of 130-190 mg CaCOg/L, to- mote location of the lake in the 2,000- 

@ Terminology and calculations follow tal alkalinity of 120-180 mg CaCO3/L, _ ha park, and presence of two larger res- 

Welch (1948). pH of 7.4-8.6, and total phosphorus of ervoirs nearby for bathing and boating. 

6



Macrophytes samples were stored in plastic bagsand — week of biomass sampling. Plant distri- 
transported in a cooler to the labora- bution was also mapped on three dates 
tory. (27 June 1978, 1 July 1982, and 29 July 

Biomass. Submerged and floating Plants were frozen in the laboratory 1982) when biomass samples were not 
macrophytes were sampled in August to permit time for other field work and collected. A metered line was stretched 
1977 and June, July, and August 1978 later thawed, sorted to species, cleaned, across the lake at numerous locations 
through 1982. Nearly 1,400 plant bio- and weighed. Plant samples collected to measure the distance from shore of 
mass samples were collected on 20 in 1982, however, were processed with- —_ surface and bottom vegetation. Surface 
dates using a stratified random design out first freezing them. Dry weight bio- vegetation was also photographed on 
and the line-intercept method (Lind mass was determined by drying the the ground and from an airplane using 
and Cottam 1969). The shoreline was plants first in air and then in a forced 35-mm normal color and false-color in- 
first divided into 15 transect areas air or convectional oven at 105 C for frared films. Normal color film revealed 
(Fig. 2). A transect line was randomly 48-72 hours. Roots were not included in plants to a depth of 0.7-2.5 m, depend- 
located within each area and floated any biomass measurement because ing on water clarity; infrared film delin- 
out from shore. Divers collected sam- they usually broke off during sampling. eated plant beds mainly on the water 
ples every 5 m along the line, starting To be consistent among samples, roots __ surface. 
1 m from shore (Fig. 3). The plants were further removed during cleaning. Plant depth was measured along 
were gathered off the bottom with a Rhizomes remained on the plants. Un- each transect with a metered line tied 
three-sided aluminum frame, measur- derground biomass averages less than to a weighted Secchi disk, to keep the 
ing 40 by 50 cm (0.2 m2), Transect 1 10% of the total dry weight biomass in line taut without it sinking into the 
circled a 0.1-ha unharvested bay; Tran- summer, for submerged plant species sediments. The depth limit of plant 
sects 2-15 were situated around the found in the lake (Sculthorpe 1967, growth was set at 1 g/m@ dry weight 
harvested main lake. Free diving was Schiemer and Prosser 1976). (about 10 g/m wet weight). Areas 
used to take most samples; SCUBA Distribution. The horizontal distri- with a sparser plant growth looked bar- 
diving assisted in deep water and to bution and depth limits of submerged ren underwater. This depth limit de- 
study plant distribution. Collected macrophytes were mapped within a fined the offshore boundaries of plant 
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FIGURE 2. Sampling design on Halverson Lake. Macrophyte transects are numbered outside the lake; inverte- 
brate and water sampling stations are numbered inside the lake. ]



from October 1977 through October 
1982; multiple-plate samplers were 

— a a ee iy ita lie worked on 22 dates from June 1978 
Oe i : through October 1981. 
Se eg ee Ekman dredge and multiple-plate 

oe / ‘ . ; j samples were preserved in the field with 
Ce : a : 75% v/v ethanol. As each multiple-plate 

eg e sampler was removed from the lake wa- 
ee : ee oe —C—tétsSCsétter, it was stored in a separate plastic 

nici camesccs soit: ane. XY Mes) m_, container with the alcohol. The sam- 
ee fae __ _ Plers were later dismantled in the labo- 

et ieee Secunia et ratory and the colonizing organisms 
ees naman medal alee 7 ~~ = ~—™——,, "____ were sorted with forceps and washed 

ae a eee — rrrrrrr——SE= _ ~~ through a No. 30 (600 pm) mesh sieve. 
ee LE a ee Ekman dredge samples were field 

eet i. 2 b strained through a No. 60 (250 um) 
ee tsi“ iOS oat : mesh sieve, then preserved, and finally 
i > aoe ee restrained in the laboratory through a 

bes | dl No. 30 mesh sieve. Although small 

a ' iv a chironomid larvae could pass through 
fe | 2 these sieves (Nalepa and Robertson 

4 ae = / 1981), few did so when the effluent from 
ee eee le —Csthe sieving was repeatedly examined. 

fp. — . .. ._.,. ~~ Ostracods were lost, however, and 
-s_ ......}}}}¢-.... = CG _F(could not be reliably counted. 
ak. - ete 8 8 8 8 § § 3 Plant Nets. Plant-dwellers were col- 

Po ee i ‘),.. __ ected with nets made of Nitex* mesh 
Me ed bug : 3 (363 pm) cut to 76 by 76 cm (Fig. 4). 

Ce RR Bn Se a a Eo Oo. a ere An aluminum embroidery ring of 18- 

BO OS AI a ae ee eRe po? te. = cm diameter stretched the netting. 
i ee ee ~—sCCoorner rings and stones anchored the 

Ee eee | Each corner of the net was tied by a 
a at Dk ea PTS string to a 5-cm floating cork. Some 

FIGURE 3. Sampling macrophytes every 5 m with the line-intercept nets held a clump of macrophytes; 

method. Brian J. Andraski appears in the foreground. others served as controls for in- 
vertebrates colonizing the netting. 
Raising the corks lifted the netting 
around the plants to trap the organ- 
isms as the samplers were removed 
from the water. Plant nets were sta- 

beds and avoided including single iso- | webbing was used. The boards mea- _ tioned among undisturbed plant beds 
lated plants on distribution maps. sured 80 by 80 mm and were 6.4 mm for 8-82 days in June and July 1979-82. 

Harvesting. Macrophytes were har- thick. Boards, webbing, and washers Nets with catch were returned un- 

vested for 2-3 days each in mid-June were held together by a 100-mm steel preserved to the laboratory in separate 

and mid-July 1980 and 1981. The eyed-bolt. The samplers were sus- plastic bags. Macroinvertebrates were 

plants were freshly weighed on a truck pended by a line tied to an anchored separated from the plants and netting 

scale in Dodgeville and hauled to a floating plank. Three samplers dangled with a forceps and by washing through 

park site away from the drainage basin, from the same plank. a No. 80 sieve. The plants were then 

so that nutrients would not leach back The samplers remained in place for cleaned, sorted to species, and oven- 

into the lake. The macrophyte commu- about 4 weeks. Macroinvertebrates in- dried at 105 C for 48 hours. Results 

nity was observed until August 1985 to completely colonized samplers left for were expressed as number of organ- 

follow changes after harvesting. A less than 8 weeks, whereas epiphytic al- isms, minus those on control nets, per 

fuller account of macrophyte harvest- | gae grew on samplers held much be- gram dry weight of macrophytes. 
ing and its impacts is given elsewhere yond 4 weeks. A long-handled dip net, Counting Benthos. Macroinverte- 

(Engel 1980, 1983). with No. 20 (78 pm) mesh, was used to brates from all samplers were either to- 

lift each sampler and catch organisms tally counted or subsampled. Total 

falling off them. counts were made of sparse samples or 

Macroinvertebrates During ice-free periods, Ekman some rare taxa in otherwise abundant 

dredge and multiple-plate samples samples. Most samples were first sub- 

were taken every month ininshoreSta- | sampled by spreading them onto a 
Bottom and Multiple-plate Samplers. tions 1, 2, 8, and 5 (Fig. 2). Ekman tray, stirring the contents, and then di- 

Macroinvertebrates were gathered on dredge samples were also gathered once _—_- viding each sample into 36 compart- 
the bottom with an Ekman dredge (152 each winter and on all dates in offshore ments with a plastic grid. Each com- 

by 152 by 152 mm) and from midwater Stations B and C. Three Ekman dredge partment represented a subsample of 

(0.5 m) with multiple-plate samplers hauls were made, from different sides of equal volume. Five subsamples were 
(Fig. 4). The multiple-plate samplers the boat at each station and com- 
were modified from Hester and Dendy posited into a single sample. The three 
(1962) by inserting construction web- _ multiple-plate samplers were analyzed * Reference to trade names does not consti- 
bing between alternate pairs of seven separately and their sample counts av- tute an endorsement by the author or the 

tempered hardboards. Three steel eraged for each station. Ekman dredge Wisconsin Department of Natural Re- 
8 washers separated boards where no samples were collected on 41 dates sources.



randomly selected for counting. Nine 
subsamples (25% of the sample) were | 
counted if the counts of the first five | 
subsamples exceeded 50% of the me- 
dian for these counts. A dissecting mi- - | 
croscope, with a total magnification of e 
14-66X, was used to identify, sort, and & : 
count all organisms. Some samples - \4 
were stained with rose bengal to help | WZ Af ih Wy 
sort the organisms from debris (Wil- ~ 8X 8X Bem ty NY \e 
liams and Williams 1974). pe UA | A) 

on, M/S 

| 2A ] NV 

Fishes were electrofished with a 4.7- js SAMPLER XK 1 
m boat every few weeks from April to IS X15 X15 cm es 
November. Most samples were col- EKMAN DREDGE PLANT NET 

. -pulsed 
DC generater debwered: Aes FIGURE 4. Macroinvertebrate samplers used in Halverson Lake. The lake 
output of 280-300 V and 6 total A at 60- bottom appears as a horizontal lune. The samplers are not drawn to the 

80 Hz and 25% pulse rate. Thissystem ‘Same scale. 
was replaced after June 1978 with an 

AC generator producing about 210 V 
and 6-9 A. Specific conductance of the 
lake water exceeded 150 S/cm (cor- 
rected to 25 C). Boom shocking was ef- (RI) for each ith food category (modi- and Strauss (1979) review the merits of 
fective to a water depth of nearly 2 m. fied from George and Hadley 1979): the index. 

Diet. Stomach contents of 5-30 Calculations were based on daytime 
fishes of each species were examined RI = (O; + P;)/2%(O; + P;) samples of fishes and plankton. Zoo- 
every sampling date. Fishes under a plankton counts were averaged for Sta- 
150 mm total length were dissected. Index values range from 0 to 100. tions B and C, after deleting nauplii 
Larger fishes had their stomach con- They deflate the contribution of abun- and rotifers as too small to be prey. 
tents flushed into a plankton net by dant items eaten by few fishes and mag- Chaoborus larvae were also eliminated, 
pulsed gastric lavage (Foster 1977), nify that of rare foods consumed by __ since crappies probably ate them in the 
given a partial pectoral fin clip to fol- many fishes. evening as the larvae were moving off 
low survival, and released. Stomach Percent of food overlap between fish the bottom. 
contents were preserved in 5% v/» for- species was calculated from Schoener Growth, Age, and Standing Crop. The 
maldehyde. Flushing evacuated 98- (1970): growth of live unmarked fishes, ran- 
100% of all foods, when tested on 18 domly selected from larger electrofish- 

bass and 8 crappies dissected after S = 100 -0.5 2 (Pj - Py) ing catches, was measured each August 
flushing. Foster (1977) and Light et al. t or October. Each fish was measured for 
(1983) obtained similar flushing effi- where P,,; and Py are percentages of total length (+ 1 mm) and weighed 
ciencies and found the method more ef- the 2th food category consumed by fish (+ 1-2 g for fishes weighing 0-1,100 g.; 
fective than traditional stomach species x and y. The measure ranges + 25 g for larger fishes). A regression 
pumping (Seaburg 1957). from 0% to 100%. It was calculated on equation for length (L) and weight (W) 

The total volume of food in each each sampling date when at least 5 fish was calculated for each sample: 
stomach was measured by water dis- of each species was captured. Abrams 
placement. Food was added to water in (1980, 1982) and Mittelbach (1984) log W; = loga + b (log L;) 
a calibrated centrifuge tube. The dis- justified its usefulness in niche overlap 

placed water was transferred by glass studies. where the constants, a and b, represent 
syringe and tubing to a buret (+ Food selection by crappies on pe- the y-intercept (a) of weight (y-axis) 
0.01 ml), where the displaced volume lagic microcrustaceans was measured and length (x-axis) and the slope (b). 
was measured. by Ivlev’s (1961) electivity index (E): When b drops below 3.0, fish appear 

Prey were then sorted, identified, thinner with increasing length; when it 
and counted. Daphnia and chironomid E = (Rf; -P;) /(R; + P;) goes above 3.0, they appear heavier as 
larvae were randomly subsampled they grow (Tesch 1968). 
when too numerous to totally count. where FR; is the percentage of the ith Relative plumpness of each fish was as- 
Plant matter was measured for volume zooplankton species in crappie sessed by the condition factor (K) 
rather than counted. stomachs and P; is the percentage of (Lagler 1956): 

| Percent occurrence (percentage of the same species in the lake. EF values 
stomachs with each food category, ex- range from -1 (complete avoidance or K = (W,; / L,8-%) -10° 
cluding empty stomachs), relative inaccessibility of prey), through 0 (no 
abundance (percent of the total selection or random feeding), to +1 The regression slope (b) was as- 
number of food items counted), and (complete selection or preference). The sumed to be 3.0 to compare samples 
mean number/stomach (including index was used to measure selection on and studies. Condition factors must be 
empty stomachs) were tallied for each common zooplankton species, since the cautiously interpreted, since they vary 
food category. Percent occurrence (0;) accidental ingestion of a zooplankton among fish species and change as body 
and relative abundance (P;) were com- species absent from lake samples would shape and density are altered during 
bined into a relative importance index yield an E value of +1. Dodson (1970) growth and spawning (Carlander Q



1977). They are most relevant forcom- _—_—s species were counted in a Sedgewick- acidifying. Absorptions were deter- 
paring samples of similar age composi- Rafter cell under a compound micro-  —s mined with a Bausch and Lomb (Spec- 
tion. scope (100X total magnification). Sev- _— tronic 70) spectrophotometer (10-mm 

Fishes were aged by pressing scales eral random subsamples were drawn __ path length). With an 8-nm slit width, 
onto acetate strips (Smith 1954). They with a 1-m] Hensen-Stempel pipet (Ed- —_ the unit recovered 80-92% of the chlor- 
were removed just ventral to the lat- mondson 1971). Sparse winter samples = ophyll. Absorption at each wave length 
eral line and posterior to the pectoral and occasionally small species in other © was corrected by comparing the Spec- 
fin. True and false annuli were identi- samples did not distribute randomly tronic 70 with a Perkin-Elmer (models 
fied by criteria in Sprugel (1953) and and had to be totally counted. Total § 124D or 200) spectrophotometer (0.5- 
Regier (1962). At least three scales counts were often made of ostracods nmslit width) at the State Laboratory 
from each fish were aged independently and Daphnia and always made of insect § of Hygiene, Madison, Wisconsin. Com- 
by several persons. Troublesome scales larvae, Leptodora, and water mites us- parisons were made with quality con- 
(less than 10%) were re-examined after ing a petri dish under a dissecting mi- trol samples of chlorophyll, prepared 
several months or sent to outside inves- croscope (14-66X). Nauplii were sepa- by the U.S. Environmental Protection 
tigators for aging. Separate ages were rated into calanoids and cyclopoids, Agency, Cincinnati, Ohio. 
not assigned to most bluegills above but copepodids were identified to spe- Values reported as chlorophyll are 
scale age V, or bass over age VI, be- cies and counted as separate instars | monochromatic chlorophyll-a, unless 
cause the crowded annuli were difficult from characters in Torke (1974) and _—_ otherwise stated. 
to count. Czaika (1982). Productivity. Primary productivity 

Standing crop was measured by was measured 2n sttu for 4 hours, cen- 
mark/recapture, using the Bailey-mod- tered at noon (CST), using three clear 
ified Petersen formula (Ricker 1975). Phytoplankton and one opaque BOD bottle (300 ml) at 
Fishes were marked by clipping the each depth (Vollenweider 1969). Sam- 
lower tip of the tail, held for a few days Water was collected every few ples were injected with 0.60 ml 
in live boxes to cull dead ones, and re- weeks (except once in winter) at depths NaH!4c0, (10.0 1Ci/ml) using a syr- 
leased throughout the lake to ensure of 0.5, 1.5, 2.5, and 3.5 m with an inge. Photosynthesis was arrested after 
random mixing with unmarked fishes. opaque Kemmerer sampler. Cell incubation by placing the samples 
Large bass were not held after mark- counts and biovolumes were deter- under ice in the dark. Respiration was 
ing, to avoid predation in the live mined from a sample mixed equally inhibited with 1 ml/sample of 1% w/» 
boxes. Fishes were marked in August from all depths at Station C and pre- sodium merthiolate. 
1977 or October 1978-82 and recap- served with 2-3% v/v acid Lugol’s solu- After filtering 100 ml of sample 
tured after 1-3 weeks. tion. Chlorophyll and productivity (300 ml in winter), the algae were 

Population size of each species was were analyzed separately from each added to 15 ml fluor, prepared from 
calculated by adding separate esti- depth at Stations B and C. These sam- 100 g naphthalene, 7 g PPO (2,3- 
mates of several size classes. Every fish ples were returned to the laboratory diphenyloxazole), and 0.3 g POPOP 
was measured for total length. Every under ice and filtered the next day, (1,4-phenyloxazoly benzene) added to 
fish 125 mm and over in length, and under 300 mm Hg pressure, through a 1 liter 1,4-dioxane. Fluor samples were 
every tenth fish under this size, was cellulose triacetate filter (Gelman GA-6 counted by liquid scintillation using a 
also weighed and aged from scales. of 47-mm diameter and 0.45-14m mesh). Packard Tri-Carb (model 3324) seintil- 
Fishes under 50 mm (mostly age 0 blue- Cell Count and Biovolume. Samples lation counter. Sample counts were cor- 
gills) could not be effectively caught were settled for at least 48 hours onto rected for quenching and counter effi- 
and were eliminated from the census. combined plate chambers of 10-cm ciency using quench standards and the 
Annual standing crop was then calcu- height (Hasle 1978). Cells were then channels ratio method (Herberg 1965). 
lated for each size class by multiplying counted by the Uterméhl method The activity of 14¢ added to each sam- 
the estimated number of fish by their (Lund et al. 1958), using a phase-con- ple was assayed on each date with five 
mean fresh weight. trast inverted microscope fitted with unfiltered samples of deionized water 

an ocular micrometer ruled into fields. inoculated in the field. 
Cells were counted at total magnifica- Productivity was calculated by sub- 

Zooplankton tions of 560X or 1,400X. Two 50-ml tracting the dark bottle activity from 
aliquots and 40 random fields were the median activity of the three clear 
counted for most samples; 100-ml ali- bottles. Values lie between gross and 

noon CST Sith vet having . quots and 120 fields had to be counted net productivity, due to carbon losses 
length of 710 mm, a mouth diameter of for sparse winter samples. Cell counts from photorespiration (Peterson 1980). 
155 mm, and a mesh of No. 20 (78 um) of Anabaena and Microcystis were Productivity may have been underesti- 
Nitex. The net was hauled to the water based on mean cell number of random mated, because dark carbon dioxide fix- 
surface from 0.5 m above the lake bot- filaments or colonies. ation was not corrected ( Legendre et 
tom for a distance of 3.5 m at Station B The biovolume of each taxon was es- al. 1983). A 14c/12¢c uptake ratio of 
and 5.5 mat Station C. It was retrieved timated by fitting mean cell size to a 1.05 was assumed (Vollenweider 1969). 

slowly and steadily to reduce water volume formula approximating cell Total inorganic carbon in the lake wa- 
turbulence across the net opening. shape (Rott 1981). ter was calculated from water tempera- 

This method underestimates the Chlorophyll. Filtered chlorophyll ture, pH, and total alkalinity titrated 
number of protozoans and some roti- _ wasextracted with5 mlof90% acetone to pH 4.5 with a pH meter. 
fers (Likens and Gilbert 1970, Pace and and 10% MgCQg for several days in a 
Orcutt 1981) and can lead to net clog- freezer. Cells were pulverized with an Ww lit 

ging. The latter only became evident electric tissue grinder and centrifuged ater Quali y 
when blue-green algae appeared in at 1,500 rpm (1,100 gr). Trichromatic 
summer and then mainly occurred at chlorophyll-a was measured at 663 nm; Water temperature, transparency, 
the end of tows. monochromatic values were measured and chemistry were measured when 

Samples were preserved in the field at 665 nm within 1-2 min of adding 1N = sampling plankton. Water temperature 
with 2-3% v/v neutralized formalde- HCl (Weber 1973). Turbidity was cor- | wasrecorded at every 0.5-m depth with 
hyde. They were later concentrated by rected by subtracting the absorption at an electric thermistor. Transparency 

10 settling in graduated cylinders. Most 750 nm, measured before and after | was judged by two persons from the



shaded side of an anchored boat witha samples were collected at 0.5-,3.5-,and tioned in the sample. The maximum di- 
20-cm Secchi disk, painted black and 5.5-m depths, refrigerated overnight, | versity is simply the logo n. Percent 
white (Welch 1948). The two readings §andanalyzedthenextdayforinorganic | evenness calculated how close sample 
were averaged for each station. N (colorimetric brucine sulfate), or- diversity approaches maximum: 

Water chemistry samples were col- ganic N + NH at (Kjeldahl diges- 

lected at each 1-m depth with an tion), total N (sum of all nitrogens), sample H 
opaque Kemmerer sampler. They were and total P (persulfate digestion), % evenness = ——_ ____* 100 
returned to the Nevin Hatchery under mostly following U.S. Environmental maximum H 
ice in a dark cooler, and analyzed the Protection Agency (1979). 
next day for dissolved oxygen with the Since all taxa in a community must 
azide-modified Winkler method, pH . . . be known, the index can only approxi- 
and total alkalinity (to pH 4.5) witha Diversity and Statistical mate diversity for small samples 
glass electrode and pH meter, and total Analysis (Pielou 1975). 
hardness with the EDTA method Sample diversity, product-moment 

(American Public Health Association correlation coefficients, regression 
1976). The titrating solutions were Sample diversity was calculated as equations, t-tests, and one-way 
standardized twice on each date tocor- |§ Shannon and Weaver’s (1949) index: ANOVA were calculated with Minitab 
rect for changes in normality. Dis- computer programs (Ryan et al. 1981). 

solved (true) color was measured with n Probabilities calculated for the test sta- 
a Hellige Aqua Tester (model 611A) af- H = - XP, logo P; tistics were considered significant for 
ter filtering the water through a 0.45- a P<0.05 and highly significant for 
um membrane filter. Specific conduc- P<0.01. 
tance (corrected to 25 C) was deter- _ where P; is the proportion of individu- Sample averages were reported as 
mined with a Wheatstone bridge. als in the ith taxon. Ranging from 0 to mean + 1SE unless otherwise stated. 

Nitrogen and phosphorus were ana- infinity, the index increases with the Means of chlorophyll and productivity 
lyzed after March 1980 by the State number of taxa (n) and becomes maxi- were weighted for volume differences in 
Laboratory of Hygiene. Unpreserved mum when the taxa are equally propor- sample depth. 

MACROPHYTE many Wisconsin lakes visited during undisturbed macrophyte community 
the study and were listed by others partly insulated the lake against plant 

COMMUNITY STRUCTURE (Belonger 1969, Modlin 1970, Nichols introductions. 
1974, Richardson 1974). Pondweeds Nine species of emergent macro- 

Taxa dominated the community in most phytes grew at the lake shore (Table 4). 
years, especially sago pondweed, They extended into the sedge meadows 
Berchtold’s pondweed, and curly-leaf that partly surrounded the lake and its 

The community of submerged and _— pondweed. I first identified Berchtold’s inflowing streams. The plants com- 
floating macrophytes comprised 19 spe- pondweed as small pondweed from prised the upper littoral and eulittoral 
cies, including 13 angiosperms, 4 fila- Fassett (1966). Its leaf morphology zones ( Wetzel 1983). Roots and crowns 
mentous macroalgae, and 2 stoneworts was so variable that it was best to sy- usually remained submerged to a depth 
(Table 3). Cladophora and spirogyra nonymize it with Berchtold’s pond- of about 0.3 m. Cattails extended 
were the most common filamentous al- weed, following Voss (1972). about 5 m from shore at Transect 6, 
gae found inshore. Chara and nitella Some species of macrophytes were but it and other species remained 

were the only stoneworts identified conspicuously absent from Halverson within a meter of shore at other loca- 
from the lake. Most of the macro- Lake. Bladderwort (Utricularia spp.), tions. The cattails were heavily dam- 
phytes, including emergent species, broad-leaved pondweeds (Potamogeton aged by muskrats in 1978 and 1983. Ar- 
were monocots. Coontail, northern wa- spp.), Eurasian water milfoil (Myri- rowhead and softstem bulrush 
ter milfoil, and water smartweed were ophyllum spicatum L.), water lilies increased during the study. Fluctua- 
the only dicotyledonous plants found. (Nymphaeaceae), and watermeal tions in water level may have en- 
Most macrophytes occurred every year (Wolffia sp.) occurred on nearby lakes, couraged the offshore spread of cut- 
of the study. Oedogonium, wild celery, but were not located on Halverson grass. It grew in a line around the lake 
and water smartweed were rare and Lake. Only lesser duckweed and fila- just 0.5-1.5 m from shore in water 0- 
identified only from a few specimens. mentous algae comprised the freely 0.3 m deep. Only cut-grass and infertile 
Only curly-leaf pondweed was not na- floating species (epipleuston) on the shoots of slender spikerush were regu- —__- 
tive to North America (Fassett 1966). lake. The upstream location of Halver- larly encountered with submerged 

| The macrophytes of Halverson son Lake, its restricted access to boats plants in offshore sampling plots. They 
Lake were typical of hard water lakes (which could carry plants), low public had a (mean + 1 SE) dry weight bio- 

with soft bottoms. They occurred in use, and presence of a dense previously mass of 126 + 64 g/m for June, July, 11



TABLE 3. Submerged and floating macrophytes sampled in Halverson Lake from 1977 
through 1983.4 

ClassName CC‘ CSpecieos' Name CtiCSext' Name 
Filamentous green algae 
Chlorophyceae Cladophora insignis (C. A. Agardhi) Cladophora 

Kuetzing 
Hydrodictyon reticulatum (L.) Lagerheim Water net 

Oedogonium sp. Oedogonium 
Spirogyra sp. Spirogyra 

Stonewarts 
Characeae Chara vulgaris L. Chara 

| Nitella flexilis L. Nitella 
Vascular flowering plants 
Ceratophyllaceae Ceratophyllum demersum L. Coontail | 
Haloragidaceae Myriophyllum exalbescens Fernald Northern water milfoil 
Hydrocharitaceae Elodea canadensis Michaux American elodea 

Vallisnerta americana Michaux Wild celery 
Lemnaceae Lemna minor L. Lesser duckweed 
Najaceae Najas flexilis (Willd.) Rostock & Schmidt Bushy pondweed 

Potamogeton berchtoldii Fieber> Berchtold’s pondweed© 
P. crispus L. Curly-leaf pondweed 
P. foliosus Rafinesque Leafy pondweed© 
P. pectinatus L. Sago pondweed¢ 
Zannichellia palustris L. Horned pondweed© 

Polygonaceae Polygonum amphibium L. Water smartweed 

_Pontederiaceae ss Heteranthera dubia (Jacquin) MacMillin _— Water stargrass 
4 Nomenclature and identifications followed Prescott (1962) and Wood (1967) for the filamentous 

algae and stoneworts, Voss (1972) for the Najaceae, and Fassett (1966) and Winterringer and 
Lopinot (1966) for the other vascular plants. 

D Small pondweed (Potamogeton pusillus L.) was abundant in the lake, but synonymized with P. 
berchtoldii Fieber, following Voss (1972). | 

C Often referred to collectively as narrow-leaved pondweeds. 

and August 1978. Curly-leaf pondweed had the widest in growth form and sometimes domi- 
Cattails, cut-grass, and softstem leaves (5-12 mm). Wild celery and slen- nated certain areas of the lake. They 

bulrush were effective in breaking wave der spikerush remained unbranched rarely grew alone, as sometimes re- 
action, trapping particulates in runoff, and offered the smallest surface area ported (Verhoeven et al. 1982). Curly- 
partly shading and cooling the water relative to biomass. Other vascular leaf pondweed and water stargrass at 
beneath them in summer, and creating plants branched freely and produced a times did form monospecific stands. 
quiet pockets where lesser duckweed, finely dissected foliage. A subcom- The macrophyte community of Hal- 
filamentous algae, and some detached munity (association) of “‘narrow-leaved verson Lake, consequently, comprised 
vascular plants accumulated. The com- pondweeds’’, with leaves less than a dynamic array of subcommunities, 
munity of emergent macrophytes, al- 3 mm wide, dominated until mid-1982. differing in species composition and of- 
though not extensive, remained an im- It mostly comprised Berchtold’s and fering a profuse foliage of relatively 
portant boundary between the land sago pondweeds, but usually included large surface area. 
and the lake. some leafy pondweed and horned pond- Filamentous green algae were 

: weed. These four pondweeds grew so among the first macrophytes to appear 
. . intermingled that it was not always in spring (Fig. 5). Clear water (Secchi 

Growth and Succession practical to sort them to species for sep- disk greater than 3.5 m) after ice-out 
arate biomass determinations. Other favored bottom growth of cladophora 

Macrophytes with long lax stems fine-leaved species were often found in deep water and spirogyra along 
and narrow flexible foliage dominated with these pondweeds, such as coontail, shore. Oxygen bubbles, accumulating 
the submerged plant community. water milfoil, and elodea. They differed in mats of spirogyra on sunny days in 

April, forced the algae to the water sur- 
face. The mats thickened and spread as 
floating canopies during May and June, 
while bottom growth subsided. By 

TABLE 4. Emergent vascular plants, with submerged roots and crowns, shifting to a mud-dwelling (epipelic) 
observed at the water’s edge in Halverson Lake from 1977 through 1983. growth, spirogyra avoided shade from 

~~. vascular plants and phytoplankton 
ClassName_____=s——_——sSpecies Name Text Name blooms. The floating mats yellowed in 
Alismaceae Sagittaria latifolia Willd. Arrowhead July, but persisted longer in the cooler 
Cyperaceae Carex aquatilis Wahl. Water sedge unharvested bay (Transect 1). Shading 

Eleocharis acicularis Rostock & Schmidt Slender spikerush f blue-green algae in ° August 
Scirpus validus Vahl. Softstem bulrush rom =p ue-g8 8 ug 

Gramineae Leersia oryzoides (L.) Swartz Cut-grass (Secchi disk less than 1 m) contributed 
Phalaris arundinacea L. Reed canary grass to the demise of cladophora in deep wa- 

Juncaceae Juncus sp. Rush ter. 
| Sparganiaceae Sparganium eurycarpum Engelmann Bur-reed Although contributing less than 5% 

Typhaceae Typha latifolia L. Cattail of total plant biomass in June, floating 
4 Nomenclature and identification mostly followed Fassett (1966) and Britton and mats of spirogyra were important as 

12 Brown (1970). cover and habitat before vascular
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FIGURE 5. Growth and succession of submerged and floatung macrophytes 1n Halverson Lake (excluding 
Transect 1). Data are compiled for 1978, 1979, and 1982, when the lake was unharvested. Apical buds (B), 
flowers (F), seeds (S), and tubers (T) are noted when they first appeared. 

plants became dense. The mats Macrophyte growth and succession Most submerged macrophytes 
trapped detritus, contributed dissolved in Halverson Lake was complex, be- reached maximum biomass in July. To- 
oxygen to the water column, and at- cause of species differences in onset of tal production in preharvest years 

tracted a variety of aquatic insects that growth, growth rate, distribution, and (1978 and 1979) increased 2-3 times 
appeared to use the mats as feeding sta- tolerance to high temperature and low from June to July for all species and 
tions in spring. Bass would occasion- light penetration in summer. reached 3,300 to 4,900 kg dry weight 
ally hover under algal mats during the Spring growth differed among years (Table 6). Total cover also increased 
day. for some species. Curly-leaf pondweed during the period. Total production 

Elodea and curly-leaf pondweed grew before ice-out and produced its was not significantly different among 
also appeared green at ice-out, but did largest standing crop in 1981, when lit- years for July, despite plant harvesting 
not become dense until late May. Wa- tle snow covered the ice after January in 1980 and 1981. 
ter milfoil, narrow-leaved pondweeds, and ice-out occurred 19 days earlier Narrow-leaved pondweeds turned 
and coontail followed in early to mid- than the 6-year median of April 2 (Ta- yellow in August and died back to 
May. These species occur earlier in ble 5). Bushy pondweed, coontail, and black runners on the lake bed. Shallow- 

some temperate lakes (Kollman and water stargrass were denser after 1980, water temperatures were then above 
Wali 1976, Dale and Gillespie 1977, while nitella and cladophora were 25 C. Curly-leaf pondweed yellowed 
Macan 1977). Bushy pondweed and sparser. Plant harvesting and spring several weeks earlier in shallow water, 
water stargrass appeared green in mid- differences in water clarity, nutrient but persisted through summer in 
to late May and only became dense af- runoff, cloud cover, and water tempera- deeper water (1.3-3.5 m), in the spring- 
ter June. Nitella was finally noticed in ture may have varied macrophyte fed unharvested bay (Transect 1), and 
June. growth among years. over spring seeps on the lake bed. It 13



TABLE 5. Dates of final complete ice-up and tce-oul, mean we and snow depths stargrass at the expense of the curly- 

around Station B for February 10-21, and durations of ice cover and open leaf pondweed and some narrow-leaved 

water.@ pondweeds. 
Ope pe The macrophyte community per- 

Depth (em sisted during summer in the un- 

Year 7 ee ee-Out Water lee cover harvested bay (Transect 1) (Fig. 8). 

Yeat____Iee_Snow _ee-Out_(Pays)_e. aus) 977 = — Mar 25 347 Nov 26 Coontail, curly-leaf pondweed, and (af- 

1978 35 12 Apr 7 331 No 33 133 ter 1981) elodea dominated. The vege- 
pr Ov 141 tation grew during August and de- 

1979 46 24 Apr 12 234 Dec 1 127 lined i : 
1980 38 5 Apr 5 936 Nov 26 109 clined in September. Only spirogyra 

1981 4A 0 Mar 14 264 Dec 2 yellowed and died off in July. Its float- 
———- 4982 43 13 Apr 2 252 Dee 9 122 ing mats absorbed radiant energy and 

& Dates of complete ice cover and ice melt were based on frequent visits to the lake warmed to 30-33 C on clear July days. 
and Dodgeville, Wis. weather; only ice-out on March 25, 1977 was based completely The unharvested bay thermally 
on weather data; the lake may have partially reopened in December 1982. stratified during summer, due to cool 

spring water on the bottom and ab- 
sorption of solar radiation by vegeta- 
tion on the water surface. The surface 

TABLE 6. Total production and areal cover of submerged macrophytes for vegetation also blocked water move- 
Transects 2-15. ment and light penetration. The mean 

water temperature in July was 5-7 C 

Sampling Total Production Total Cover lower than in shallow water of the main 

Date + 1SE (Kg x 102) (ha) lake. Cooler water permitted curly-leaf 

1977 Aug 18 2% +3 1.8 pondweed to grow throughout sum- 

1978 Jun 6-13 17+ 2 21 mer. The bay, partly sheltered from 

Jul 27-31 33 + 2 2.5 prevailing winds, afforded protection 

Aug 28-31 7+1 1.4 for filamentous algae, lesser duckweed, 

1979 To 14-90 io t 15 oe unrooted coontail, and poorly rooted 

Aug 22 641 17 elodea. The center of the bay, Just over 

| 1980 Jun 3-10 THI VA 1 m deep, was not spring fed and re- 

Jun 16-17 241 1.6 mained poorly vegetated and turbid 

Jul 8-9 44 +6 25 during summer. Total mean biomass in 

Jul 15-23 15+2 21 July was often higher than in the main 

Aug 18-19 7+1 1.4 basin, perhaps because of direct nutri- 

1981 Jun 3-5 26 + 3 2.2 ent runoff received by the bay, which 

Jun 17-24 «©2343 2.7 acted as a settling basin for the main 
Jul 8-9 35 + 5 2.6 lake. 

Aug 10-17 8 i oe Species succession and plant growth 

1982 Jun 89 20 4 2 27 were related. Some plant Species, 

Jul 13-14 50 4 3 29 adapted to extremes of light intensity 

Aug 11-12 31 +3 2.8 and water temperature, partially re- 

4 Total production was calculated by multiplying the total cover ( m2) by the placed other macrophyte s as they de- 

mean + 1 SE density (kg/m2); only areas with at least 1 g/m (dry weight) of clined. Species succession was more 

plants were included in determining total cover. prominent in shallow water, where 
more species intermixed, and pro- 
ceeded gradually during summer. 
Changes were often more evident when 

viewed from a low altitude airplane 

often dies back in warm lake water mise of curly-leaf pondweed was partly than from shore. Windows developed 

(Bumby 1977, Nicholson 1981, Kuni countered by an increase in coontail in nearly continuous plant beds as mac- 

1982), but persists in cooler streams and bushy pondweed. In the main ba- rophytes decayed. Die backs of curly- 

and channels (Sculthorpe 1967). Bushy sin coontail made up less than 20% of leaf pondweed in early July appeared 

pondweed, coontail, and water star- the total biomass in June and July, but from the air as ‘‘black holes’’ sur- 

grass grew until September. 5-35% during August. Coontail, bushy rounded usually by sago or Berchtold’s 

Cladophora slightly recovered in deep pondweed, and especially water star- pondweeds (Fig. 9). These openings 

water after August. grass increased following each of the gave a mottled appearance to the plant 

Summer biomass and species com- four plant harvests. Water stargrass, community. They gradually coalesced 

position changed dramatically during not found in the lake before the first into channels, creating a fenestrated 

the study (Fig. 6). Pondweeds domi- harvest, contributed to 70% of the to- morphology to the plant beds (Figs. 10 

nated in the main basin until 1982. tal biomass by August 1982. It then re- and 11). Some channels, however, were 

Sago and Berchtold’s pondweeds to- mained dominant in July-September created by muskrats and rowboats. 

gether comprised over 75% of the total until last studied in 1985. Water star- Largemouth bass, some over 400 mm 

biomass prior to plant harvesting. grass in other lakes has fluctuated long, used these channels to cruise 

Their relative frequency fell to only widely in abundance among years among the macrophytes in search of 

17% in August 1982 (Fig. 7). Curly- (Forest 1977), increased after plant prey. 

leaf pondweed followed in importance. harvesting and decline of Eurasian wa- Species succession remained incom- 

During June and July it comprised ter milfoil (Wile et al. 1979), and domi- plete, since the large biomass achieved 

about 5-20% of the biomass prior to nated after nutrient enrichment (Dale in July was only partly replaced in Au- 

harvesting, but increased to 20-60% af- and Miller 1978). Although species gust by spread of bushy pondweed, 

ter 1979. In August, however, it typi- richness and evenness increased just af- coontail, and water stargrass into the 

cally contributed less than 4% to the ter each harvest, the community even- vacated areas. Large areas of the lake 

14 total plant biomass. The seasonal de- tually became dominated by water bed were not revegetated until the fol-
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CO ee i lowing spring. Pearsall (1920) followed 

— —-— = --— phytes in the English Lake District. 
| |. a Maan (1977) also noted that longer- 

og i llrUhm le term species replacements were often 
(ae rrr : incomplete, leaving bare areas on the 
oo i  .. bottom as plants disappeared. 

tf Propagation and 
rrr rrs—C} i Winter Survival 

i. i — 

ee _ Most submerged macrophytes re- 

oe eerrr—~”~—~ SF gs zanners for reprodnetion and dispersal 
— | — ~~ ~~ during ice-free periods (Table 7). Some 

Ge OP macrophytes were casily torn by winds, 
 — i === =F Storms, and animal activity. Fishes,  - .. ee a irate, and beats alscueprenditrac, 

rst i <a<a“#YRSL ss - 
: cr 060hUlUUe a. coming streams from the upland ponds. 

Oe C1 The unharvested bay was 2 source of 
<r : _—~~=~—Ssfragments for the main lake, as re- 
. 2. a: a ‘* flected in the similarity of vegetation 

ee ig omeither sie ofthe dike separating the 
ae Ll | _ bay from the main basin (Transects 1 
& . oo and 15). More fragments were pro- 
Oe ee ee “ "duced at the end of summer and fall, 
FIGURE 9. A “black hole” (arrow), formed when curly-leaf pondweed when the integrity of the plant shoots 

16 decayed, appears in a plant bed by Transect 4 on July 16, 1979. deteriorated. Motor props can be espe-



es = ° A ile. i ee 
cially effective in dispersing plant frag- ere 1 ea 2 a . oe ieee a 
ments at this time. Curly-leaf pond- A ts “i a ie eer. 
weed was particularly brittle Sa Se — -<) i 
throughout the growing season and j ae CG & . Picea 
more readily fragmented than most gia ey 2 7: 
vascular plants. Fragments containing Le a * & a 
live meristem can develop into new eS ee. - : 5 4 
shoots, but they are intolerant of low qe e 2. oor ch cel » 
temperature and drying (Sculthorpe > OE Oe: - oe 
1967). CM rr——sSsSCs ES 

Elodea, potamogetons, water mil- _ rr ne hed 
foil, and water stargrass also propa- — 3 i i: 4 Sg 

gated from runners. Curly-leaf pond- LULU oe 
weed pgoduced dense (more than —— ee 
600 g/m“) mats over spring seeps that = i. ay 
excluded other species. Some rhizomes — 
of curly-leaf pondweed, elodea, and wa- 5 ~~. _. 
ter stargrass survived into winter, but - «| 
disintegrated on other species during ~~ a _— 
fall. Filaments of cladophora turned . oe 
black in fall, due to storage of organic , __.. .. 

matter (Prescott 1962), and survived FIGURE 10. The shallow north end of Halverson Lake on July 1, 1982. 
winter. Criss-crossing channels are evident within the plant beds. 

Coontail, curly-leaf pondweed, elo- 
dea, and water milfoil developed win- 
ter-hardy dormant buds or turions on 
their shoots. These usually dropped to 
the lake bed in fall. Turions of curly- 
leaf pondweed developed while surface “Se 2g 4-7 (gi ere es Pee is 
water temperature and day-length ee, a) ee see Br ght asd 
each became maximum for the year = = @ NG os, ea ses De Si iS 
and when the plant was flowering and oo Se ae pig ae eds nes ey Poe : 
forming seeds. They first appeared in «i Aeogtee 8! 4 e' eg ee a gk 

early June as deformed green leaves. =  $$( eu a pte" ra 
The leaves shortened, became brittle, Hoy Pp’ ] : ag Me all 

and turned into lateral ‘wings’ by oo 4 et Te + 

July. Each turion, just 2 cm long, re- ea F haul ae ee as 
sembled a brown pine cone. About 2-6 a -— ta 
turions developed on a stem, withsev- § ‘ # ae G00 Le 
eral dozen attached to each plant. Tu- = © oe 
rionsonother plantsmaturedfromAu-  .  ™~ _ ee | 
gust through October. ld CM co 

Turions served both for propagation * 6 eS ee 
and in-lake dispersal. Mature turions wh “US a 4° a a 
of curly-leaf pondweed have a specific 4 “% o. _—.. - ele i. 

gravity of 1.0 (Sastroutomo et al. 1979) Lo a 9 bce 
and, therefore, float. The “wings” may ¥ L ” 4 >u ye : o ae - u 
serve as hydrofoils. Such turions lit- oe : . } sy. cM 
tered all areas in August. Those of = « y ot aes 
coontail, elodea, and water milfoil re- ae t+ oe 

ine an belted ee ‘so FIGURE 11. Halverson Lake on July 13, 1982. Surface vegetation ap- 
persed. Turions of northern water mil.  ?@a7s as light areas against the dark lake water. 

foil often remain attached to the shoot 
during winter (Weber 1972, Aiken and 
Walz 1979). 

Turions of curly-leaf pondweed 

eho oe fee cio ee ine TABLE 7. Flowering and Sruiting irae of submerged macrophytes and types of 

curly-ieat pendweed' competitive Sfunagules oid wien fs ner and init 
edge over species with late-maturing TSR Propagules? 
turions or those relying on seed Species Flowers Fruits Summer Winter 

germinatiott, Curly-leaf pondweed Jun Jul 1 Turions, rhizomes, stems 

The other potamogetons produced Berchtold’s pondweed Jun Jul-Aug 1 Tubers, seeds 
less conspicuous turions and tubers on Sago pondweed Jun Jul-Aug 1 Tubers, seeds 
rhizomes. Yeo (1966) found tubers to Coontail ane a 2 Turions, stems 
be especially important for winter sur- Elodea ase —_ 1 Turions, rhizomes, stems 

vival of Berchtold’s and sago pond- Bushy pondweed Jul Aug-Sep 3 Seeds 

weeds, but have more limited dispersal Northern water milfoil Jul Aug-Sep 1 Turions on stems 

ability than turions. Water stargrass Jul __—Aug-Sep__1_Seeds, rhizomes, stems _ 
Only bushy pondweed failed to pro- 2 Summer propagules are: 1-fragments and runners, 2-rootstocks and fragments, and 

duce asexual or vegetative propagules. -seeds. Turions include dormant buds or apices of Sculthorpe (1967). 17



It remained an annual and survived Cover 1979 (Figs. 16-18), and deeper growth 
each year from seeds. Failure to grow of vascular plants in 1982, led to lower 
until late spring placed it at a competi- estimates for the algae. | 
tive disadvantage with other species in The macrophyte community dra- Much of the water surface in the lit- 
the lake. matically expanded and contracted in toral region became covered with foli- 

Few plants grew during most win- area each year. Maximum areal cover age. Macrophytes appeared on the wa- 
ters. Green shoots of curly-leaf pond- was reached primarily in July, when ter surface in early June as a thin line of 
weed and coontail dotted the bottom of 50-70% of the lake bottom supported plants along shore. The surface vegeta- 
the main basin or were frozen into the at least 1 g/m“ (dry weight) of vascular tion then spread over deeper water in 
lake ice. Larger beds of curly-leaf pond- plants and stoneworts (Fig. 12). late June and early July. Maximum 
weed appeared under clear ice in Feb- Growth was rapid after mid-May and surface cover was attained by late July 
ruary and March 1981. Water star- in most years over 40% of the bottom in years when the plants were not har- 
grass appeared yellow and moribund in was vegetated by early June. Surface vested (Figs. 14, 15, and 18). Although 
winter. Elodea and some water milfoil vegetation also spread rapidly after the surface vegetation appeared con- 
sparsely carpeted the unharvested bay late May, when the foliage first reached tinuous, close inspection revealed chan- 
in winter. Shoots of the narrow-leaved the water surface. Despite a die-back of nels and openings that broke up the 
pondweeds, however, were not found curly-leaf pondweed after June, surface plant beds. These were areas where few 

until spring. foliage achieved maximum cover in late plants had reached the water surface. 
Some pondweeds can remain meta- July. The narrow-leaf pondweeds con- Some areas were even devoid of plants 

bolically active even under a snow tributed significantly to this coverage on the lake bed. Little submerged vege- 

cover (Rich et al. 1971, Boylen and until water stargrass dominated after tation also grew in ankle-deep water 
Shelden 1976). Beds of coontail 1981. | immediately along shore. Here, ex- 
reached 325 g/m* in icebound Lake Macrophytes recovered rapidly af- tremes of water temperature, waves, 
Onalaska, Wisconsin (Smart 1980). ter each June harvesting. The har- light, and ice scouring prevented plant 
Curly-leaf pondweed remained green, vester had difficulty cutting close to the growth. After late July of 1977-81, 
but failed to grow, under the ice of a lake bed and left offshore islands of veg- plant beds broke up rapidly, leaving is- 
Japanese lake (Kuni 1982). Winter etation (Engel 1980, 1983). The decline lands of attached plants that finally 
survival of shoots, even without grow- in plants after the July harvests was disappeared from the water surface by 
ing, could be adaptive for an early similar to that found in earlier years. mid- to late August. Little plant 
growth spurt in spring and avoid de- Surface vegetation, however, was low- growth appeared at the water surface 

lays caused by seed germination or tu- est during the two years of harvesting. until the following May. 
rion development. Both bottom and surface cover Harvesting produced loose floating 

Sexual reproduction was important changed less sharply in 1982, because vegetation that had to be removed with 
to some macrophytes. Potamogetons of the predominance of water stargrass. pitch forks and left islands of attached 
flowered during maximum day length It had a longer growing period than the plants offshore (Figs. 16 and 17). These 
in June and fruited during high water pondweeds that dominated in earlier plants grew rapidly in June and would 
temperature in July and August years. It also extended slightly deeper have covered the water surface had 
(Fig. 5). Bushy pondweed, coontail, and reached the water surface farther they not been removed in July. 
water milfoil, and water stargrass flow- offshore than had other macrophytes in Sago pondweed was the only angio- 
ered in July and developed seeds from earlier years. This accounted for the sperm producing significant foliage 
August until ice-up. Berchtold’s pond- slightly greater plant coverage in 1982. across the water surface. Its stems re- 

weed, bushy pondweed, coontail, and The unharvested bay (Transect 1) peatedly divided just below the water 
some curly-leaf pondweed developed remained 90% covered with submerged surface and its leaves reclined on the 
underwater flowers and fruits; other macrophytes from early May to mid- surface. Most other species grew to the 
macrophytes flowered above or on the September, leaving only a small central water surface and just broke the sur- 

water surface and were wind or water area of sparse vegetation. face tension layer. Water stargrass, 
pollinated. Coontail produced incon- From June through August vascular however, sent its shoots 1-3 em above 
spicuous flowers in underwater leaf ax- plants formed a nearly continuous car- the water surface. This made dense 
ils and released a profusion of black pet to about 3.5 m deep on the lake bot- beds of water stargrass appear from a 

three-spined seeds after July. Elodea tom (Figs. 13-18). Macrophyte growth distance as dry islands. 
and curly-leaf pondweeds, however, ended abruptly at the edge of the for- Some areas were not revegetated 
were rarely observed to flower and mer stream channel near the east shore. each year. Both surface and bottom 
fruit. The vegetation extended deeper and vegetation were nearly absent in 1980 

Sexual reproduction can provide ge- farther offshore on the west bank. Sedi- along a portion of the east shore and by 
netic recombination, dispersal, and es- ment from inflowing streams and parti- the dam (Fig. 16). In other years, vege- 

cape from environmental stress. Seeds cle sorting by water contributed a tation here was usually not as dense as 

of sago pondweed tend to drop near the softer, siltier, and less sloping bottom in other areas and only Berchtold’s and 
plant (Yeo 1957), but those of other on the west shore. A gentle slope and curly-leaf pondweeds grew. 

pondweeds in the lake at first float and soft organic sediments often support Horizontal distribution varied 

can disperse widely. Macrophyte seeds greater macrophyte growth in other among macrophyte species. The pond- 

are typically capsulated in a hard endo- lakes (Pearsall 1920, Rickett 1924, weeds were widely distributed in the 

carp and require a cold (1-3 C) dor- Misra 1938, Bumby 1977, Forest littoral region. Berchtold’s and sago 
mancy before germinating (Muenscher 1977). pondweeds grew more uniformly than 
1936 7n Hutchinson 1975). The gain in Mud-dwelling filamentous algae most other species and occurred in over 
population, consequently, accrues only formed a discontinuous layer beyond 80% of biomass samples on most sam- 

in the succeeding spring. Asexual or the vascular plants and stoneworts. pling dates (Table 8). Their frequency 

vegetative methods are more impor- They grew in patches close to the sedi- of occurrence in biomass samples to- 

tant for propagation and distribution ment surface. A thick growth was gether dropped to 60-79% in June-Au- 

within season and are often relied upon found in early years (Figs. 13-15). In- gust 1981 and August 1982, due to the 
18 for winter survival (Haag 1983). adequate sampling in deep water after spread of other species after harvest-
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FIGURE 18. Macrophyte distribution in June-August 1982.



TABLE 8. Percent frequency of submerged macrophytes at Transects 2-15.4 

Sampling Berchtold/ Curly-leaf Bushy Water 
Date Sago Pondweed Pondweed Coontail Pondweed Stargrass Others» 

1977 Aug 18 100 17 33 0 0 0 

1978 Jun 7-13 92 C7 11 0 0 yA 

Jul 27-31 92 34 3 7 0 4 

Aug 28-31 17 4 16 0 0 3 
1979 Jun 7-11 81 44 12 2 0 2 

Jul 11-12 90 58 13 6 0 1 

Aug 22 90 28 18 12 0 10 
1980 Jun 3-4 92 58 25 0 0 0 

Jun 17 95 19 12 0 0 0 

Jul 8-9 96 12 19 0 0 1 

Jul 15 88 68 21 19 0 3 
Aug 19 82 29 37 yA 0 2 

1981 Jun 3-4 U7 19 31 6 3 0 

Jun 23-24 64 19 31 15 3 4 
Jul 8-9 73 71 10 24 6 2 
Jul 21-23 19 74 19 36 19 1 

Aug 10-12 13 48 30 22 31 1 
1982 Jun 8-9 83 84 21 5 60 1 

Jul 13-14 89 12 21 13 88 3 

Aug 11-12 60 34 22 16 91 1 

4 Percent frequency was based on the percentage of samples with a dry-weight biomass of at least 1 g/m. 
| b Other species included mostly filamentous algae and some chara, elodea, horned pondweed, nitella, and northern 

‘ water milfoil. | 

ing. Sago pondweed grew closer inshore grew well offshore and only along Tran- weed, curly-leaf pondweed, leafy pond- 
than Berchtold’s pondweed. Curly-leaf sects 7 and 8. Water milfoil was re- weed, and water stargrass grew to 
pondweed was widely distributed on stricted to shallow water in Tran- about 3.5-4.0 m. Growth deteriorated 
most dates, but was more patchy than sects 1, 15, and occasionally 8. It beyond 3.0 m, leaving short patches of 
the narrow-leaved pondweeds. Its per- slightly increased in abundance after plants. From mid-May to early July, 
cent frequency peaked each June and harvesting. Elodea was mostly found in when most plant growth occurred, the 
dropped each August. Coontail, in con- Transect 1 and less commonly in Tran- Secchi disk was usually visible beyond 
trast, spread to more sampling areas in sects 2 and 15. It spread in 1982 and 3.5 m. Deep-water plants, therefore, 
August. Its maximum spread of 37% 1983 to other areas of the main lake, were still within the photic zone. Blue- 
was reached in August 1980. It was but only reached significant biomass in green algal blooms, thereafter, reduced 
more widely distributed during the two Transect 1. light penetration and limited further . 
harvesting years. Bushy pondweed also Biomass samples from areas of growth in deep water. 

spread in later years, along with water dense growth often contained the larg- Lesser duckweed and filamentous 
stargrass. est number of species. Most samples algae were not restricted by water 

The growth of water stargrass was from the north and west shores (Tran- depth, as they freely floated on the wa- 
stupendous. It was first noticed along sects 2, 3, 4, 6, 14, and 15) contained 2- ter surface. Coontail occasionally be- 
Transect 7 just after plant harvesting 4 species, whereas those along the east came detached and floated. These 
in June 1980. By the next year, how- shore (Transects 11 and 12) had only 1- plants, nonetheless, grew in specific 
ever, it occurred commonly along the 3 species. Sampling diversity increased areas of the lake, partly due to water 
opposite east shore and areas of the to 4-5 species in dense beds in 1982, movements. 
shallow north end of the lake. In 1982, with the spread of bushy pondweed and Many species of macrophytes grew 
all transects and 70% of samples con- water stargrass. Stands of submerged within narrow depth limits, forming 
tained water stargrass. Being shade macrophytes often contain few species marginal, shallow-water and deep-wa- 
tolerant (Wilkinson 1963) it could in lakes (Swindale and Curtis 1957), ter zones (Fig. 19). The zones were diffi- 
grow beneath taller plants and mostly because many of the less common spe- cult to precisely delimit, because of | 
escape removal by the plant harvester. cies are patchy or restricted to a few overlap among species, their disjunct 
Harvesting the overlying pondweeds areas of a lake. Curly-leaf pondweed, distributions, and seasonal or yearly 
permitted greater light penetration water stargrass, and chara, for exam- _ changes in growth. 
and gave water stargrass a chance to ple, sometimes formed monotypic The marginal or shore zone usually 
reach the water surface. Harvesting stands. Although the littoral zone of extended 1-2 m offshore in water 0- 
may also have cut the apical meristems Halverson Lake superficially appeared 0.3 m deep. Bulrush, cattail, cut-grass, 

and upper shoots of water stargrass as a continuous mass of vegetation, it and slender spikerush predominated. 
and distributed them about the lake. was in reality a mosaic of 19 submerged Their crowns and roots were sub- 

Other macrophyte species were even and floating macrophytes. merged, but their shoots extended 
more restricted in distribution. They above high water level (eulittoral 
usually occurred in less than 1% of zone). Wave activity, ice-scouring in 
samples. Chara occurred primarily Zonation and Depth late winter, and very high water tem- 
along Transect 9 and occasionally by peratures (above 30 C) in July and Au- 
Transect 15. It grew only near shore, in gust restricted colonization of the mar- 
contrast to its deep water growth in Aquatic macrophytes partially seg- ginal zone. Lesser duckweed and water 
other lakes (Pearsall 1920, Bumby regated by water depth (Fig. 19). Some net frequently accumulated in lee pock- 
1977). As in other lakes (Spence 1982), attached plants ranged widely offshore. ets among the emergent plants. Few 
nitella was restricted to deep water. It Berchtold’s pondweed, bushy pond- submerged plants, however, grew in 29
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FIGURE 19. Depth range of macrophytes on the lake bottom along Transects 2-15. Dashed lines oo 
- wndrcate sporadic or sparse plant cover (less than 1 g/m” dry-weighi biomass ). | 

the zone. Infrared aerial photographs macrophytes. The region often had the was further shortened by shade from 

revealed the zone as a clear, nearly largest sample biomasses (Fig. 20). phytoplankton blooms after mid-July. 

plant-free line along the west and north At the outer edge of the littoral re- Algal blooms or other turbidity fre- 

shores (Fig. 11). Marginal vegetation gion, beyond reach of surface vegeta- quently limit the depth of macrophytes 

was scarce along the steep east shore, tion, the offshore region bordered open in Wisconsin lakes (Rickett 1924, Wil- 

partly due to shade from trees on the water. Water stargrass and son 1941, Belonger 1969, Richardson 
bank. Berchtold’s, bushy, and curly-leaf 1974). 

The shallow-water zone extended pondweeds variously predominated to Total macrophyte biomass declined 
from a water depth of 0.3 m to about a depth of 3.5 m. Both regions of the with water depth. Greatest biomass oc- 
3.5 m. It covered the largest area in the shallow-water zone contributed over curred from depths of 0.2 m to 1m 
littoral region. The zone was mostly be- 90% of the bottom cover and total bio- (Fig. 21). The entire water column was 

yond reach of bottom disturbances mass of submerged macrophytes in the foliated to a depth of about 1.3 m, the 
from waves and ice movements. Par- lake. limit of surface vegetation offshore. 
ticulates entering the lake in runoff The deep-water zone extended as a Plant height then rapidly decreased 
principally sedimented and the lake narrow carpet of sparse vegetation be- with depth, leaving a progressively 
bed was further enriched by plant re- yond the shallow-water zone. Nitella shorter column of vegetation. Cor- 
mains. The zone could be divided into thrived only in this zone, growing from recting for plant height (g/m divided 
an inshore and an offshore region. 2.5m to 4 m, along Transects 7 and 8. by water depth = g/m ) still produced 

The inshore region of the shallow- Cladophora and some spirogyra a declining curve of biomass against 
water zone extended to a depth of formed at the base of nitella, but water depth. Plant density (g/m“) was 
1.3 m. Macrophytes grew to the water mostly grew where other macrophytes greatest at a depth of 1 m, but standing 
surface. Sago pondweed predominated, were sparse or absent. These plants crop (g/m’) was maximum at 0.2- 
but chara, cut-grass, elodea, and water formed a littori-profundal zone (Wetzel 0.3 m. . . 
milfoil occurred. Floating mats of spi- 1983) between oxygenated and season- Vegetation zones are common in 
rogyra and some cladophora accumu- ally anoxic sediments. The vegetation lakes (Curtis 1959, Spence 1982). The 
lated in this region. The largest species grew within the metalimnion and lower = marginal zone of Halverson Lake is ap- 
diversity in the lake occurred in the in- epilimnion in summer. They sprouted proximated by the “‘reed-swamp”’ zone 
shore region. Channels and windows later in spring than inshore plants. The of European lakes (Pearsall 1920, 

26 ~—-were best delineated among the dense growing season of deep-water plants | Schiemer 1979, Spence 1982). Hard wa-
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FIGURE 20. Depth distribution of macrophyte biomass (dry weight) along Transects 4 and 6 in 1978 and 1979. 

ter lakes of Wisconsin frequently con- 
tain cattails and bulrushes rather than 9 
reeds (Phragmites australis (Cav.) 00 
Steudel). These species typically can- _ 
not withstand prolonged submersion of 600 co “sg /m§ 14 JULY 1982 
their roots and crowns. Lowering water SN 
levels permits some plants to colonize 400- } \ | 

the marginal zone and alter species. di- > | g/m? . { | 
versity (Beard 1973, Nichols 1975). E 200 i fon. 
Slender spikerush and cut-grass may o ~S ee 
have benefited from water level a Nee (tems en nnn ON 
changes of about 0.3 m or greater after E 0 0 : ) 
storms in Halverson Lake. Water levels 2 3 
otherwise changed little in the lake, 0 
discouraging the offshore spread of < 
most emergent species. é 1000 

Vertical Stratification Z tN 
< goo]; \9/m™ 11 JULY 1979 
o fo ON | 

The foliage of shallow-water macro- Nanna, 
phytes was vertically stratified into 400+ \, { 
canopy, midwater, and basal layers. g /m2 \ | 

A canopy formed on the water sur- 200+! 
face and extended 10-15 m offshore. 
Spirogyra dominated the canopy 0 ee 
before June; sago pondweed was the 0 1 2 3 
principal plant in June and July. Lesser 
duckweed and aerial portions of water WATER DEPTH (m) 
stargrass shoots also occurred in the 
canopy. Foliage of sago pondweed ex- FIGURE 21. Total macrophyte biomass (dry weight ) along Transect 6 in 
tended 0-60 cm below the water sur- July 1979 and 1981 compared by g/m* and g/m?*. Arrows denote the 
face. The canopy reduced light pene- offshore lamit of plants on water surface. 2]



tration, prevented wind from stirring weeds of related and morphologically depth restrict macrophyte growth in 
the water column and distributing — similar species dominated Halverson some large, deep lakes. A short growing 
heat, and absorbed solar radiation. The Lake in most years. The lake also con- season, hard lake bottom, low pH, and 

canopy contained many flowers, fruits, tained more species of macrophytes infertility suppress macrophyte 

and algal spores. A biogenic thermal than commonly reported for eutrophic growth, species composition, and com- 
stratification developed on warm days Wisconsin lakes (Belonger 1969, Mod- munity development in many lakes of 
in July. The canopy reduced plant lin 1970). Few species ever became the Canadian Shield (Magnin 1977). 
growth under it and selected for coon- abundant. A large number of rare plant Such lakes in northern Wisconsin often 
tail and other shade-tolerant species. species also characterizes undisturbed | support a sparse covering of short ro- 
Macrophyte photosynthesis can de- rain forests (Fedorov 1966). sette plants, including quillwort 
cline sharply below a canopy, because Plant community development can _—(Isoetes spp.), infertile spikerush (Ele- 
of light restriction, older plant tissues, be reversible. Loss of a tree creates an _— ocharis spp.), and wild celery. These 
and lower nutrient uptake in the deeper opening on the rain forest floor, permits are replaced by bushier plants in Hal- 
water (Adams and Prentki 1982). greater light penetration, and stimu- — verson Lake and many waters south of 

A midwater layer of macrophytes _lates vigorous growth of both new __ the Shield (Fassett 1930). Plants of the 
grew intertwined from the lake bed to plant species and their associated rosette type divide in or near the 
the water surface. It extended into plants and animals. In a similar man- hydrosoil, producing a whorl! of ribbon- 
much deeper water than the canopy __ ner, mechanical harvesting in Halver- _like leaves from a common under- 
layer. Berchtold’s and curly-leaf pond- son Lake permitted greater light pene- ground node. Dry weight biomass 
weeds predominated during most tration and stimulated growth of water rarely exceeds 100 g/m”. The dominant 
years, water stargrass became domi- __ stargrass. Logging and chemical defoli- plants of more southern waters divide 
nant after 1981. The growth of most ation in rain forests, like plant harvest- repeatedly above the hydrosoil, shad- 
species was sparser offshore. Light, ing and herbiciding in lakes, can dis- ing plants beneath them. Mean dry 
heat, and the force of the wind could turb long-term community stratifi- weight biomass can reach 600 g/m“ in 
reach the lake bottom offshore, where cation. Wisconsin (Engel and Nichols 1984). 
the canopy was sparse or absent. Water Lakes and rain forests differ. The |The extent of vertical stratification in 

temperatures were nearly homoiother- macroscopic flora of temperate lakes Wisconsin lakes, consequently, reflects 
mal on windy days, but gradually di- are dwarf, depauperate communities both the growing conditions and the 
minished with depth on calm days. compared to rain forests. The gargan- type of dominant vegetation 

A basal or crown layer of plants tuan communities of South American Submerged macrophyte beds can 
formed at the base of taller vegetation. lowlands are dominated by woody curtail water circulation (Madsen and 
The layer contained both mature and plants towering 40-60 m high, aboutas | Warncke 1983). Halverson Lake was 
immature shoots. Coontail, bushy tall as the bluffs surrounding Halver- partly sheltered by surrounding hills 
pondweed, and water stargrass domi- son Lake. The littoral forests of tem- and received surface runoff less directly 
nated the basal layer in the main lake; perate lakes consist of delicate plants through ponds and fresh meadows. The 
coontail and elodea were most impor- scarcely a few meters tall. Unlike the several tiers of macrophytes provided a 
tant in the unharvested bay. Coontail perpetual evergreen foliage of the trop- §_ more effective barrier to water move- 
was noticed at the base of Eurasian wa- ics, macrophyte community develop- ment. In contrast, the foliage of Eura- 
ter milfoil in Lake Wingra, Wisconsin ment in northern lakes is annually in- sian water milfoil in Lake Wingra, Wis- 
(Carpenter 1980b). These understory terrupted by a long winter diapause. consin mostly grew near the water 
plants are shade-tolerant (Wilkinson The short growing season in northern — surface. Runoff to this lake occurred 
1963, Sculthorpe 1967, Carr 1969) and, lakes places a premium on early growth rapidly during storm events, when 
therefore, can thrive even under a and synchronized production of fruits slightly colder incoming water sank be- 
dense canopy of sago pondweed and fil- to ensure cross pollination. Species suc- neath the macrophyte canopy and 
amentous algae. They continued to cession in lake vegetation is partly an flowed into the pelagic region (Weiler 
grow later in the summer than the expression of the short, but rapidly 1978 1n Adams and Prentki 1982). The 
potamogetons, despite dense blooms of changing conditions of the growing sea- density of the runoff water and dearth 
blue-green algae. The plants were typi- son. Rapid community turnover is rare of foliage below the canopy combined 
cally less than 15 cm tall in May and in the tropics. for a rapid exchange of water with the 
June, but grew rapidly toward the wa- Other differences exist. Rain forests pelagic region. 

ter surface after die-back of pondweeds locally contain hundreds of plant spe- Vertical stratification ultimately 
in July and August. Plant harvesting cies (Richards 1966); aquatic macro- adds a cynamic three-dimensional 
also exposed the basal plants and per- phyte communities rarely exceed a few structure to aquatic macrophyte com- 
mitted them to grow rapidly toward dozen species. Both undisturbed com- munities. Its maximum development is 
the water surface. The layer was less munities can be vertically stratified, achieved in relatively undisturbed, but 
developed in deep water, however, and but the dominant aquatic plants eutrophic littoral regions. Continual 
was largely replaced by a bottom cover branch repeatedly near their crowns human disturbance and invasions of 
of cladophora. and resemble more closely tropical exotic macrophyte species can simplify 

Vertical stratification of submerged _ shrubs than trees. Unlike tropical rain vertical development in lakes. The im- 
macrophytes in Halverson Lake recalls forests of long standing, aquatic macro- portance of vertical stratification in 

the vertical structure of vegetation in phyte communities form part of an macrophyte communities, conse- 
interior tropical rain forests (Richards | ephemeral stage in a hydrarch succes- quently, has often gone unrecognized. 
1966). Green foliage, flowers, and fruits sion toward drier vegetation. Despite 
in humid forests, as in Halverson Lake, these many differences, mature lakes 

are abundant in the upper well-lighted _and forests offer insight on community §Mficroclimates 
canopy. Sunlight is sharply extin- development. Study of undisturbed 
guished, leaving a sparse bottom _ vegetation provides a basis for under- 
growth. Interspecific competition for standing and ultimately managing The sparse cover of submerged mac- 
light and space can be intense. Mono- _— more disturbed plant communities. rophytes in the marginal zone was pro- 
typic stands are rare. Both communi- Vertical stratification of aquatic duced by wave and ice movements, 
ties support closely allied species living | macrophytes may fail to develop in high water temperature, sedimenta- 

28 together. The narrow-leaved pond- lakes. Low fertility and great relative _ tion, and shading.
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jor factors hindering plant colonization aa ee ee , : 
inshore. Mechanical scouring of the aay Shs ge, r , 
lake bed inshore by waves and ice de- Pn a : cn 
stroyed young shoots and removed 7 = a ) “= Se < 
plant propagules. The ice often ap- er ele e Pe 
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its became frozen into the ice. Some = os ao eed 
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Maximum ice thickness was about = oa : — wf; 
0.4 m on Halverson Lake (Table 5). © 8 =, ™ oe 
This approximated the maximum ee ——=™e a a 
depth of the marginal zone. Waves re ae eo LUrUrtrtrt~— Me 
were important especially inspringand , i Baie EE eS 
fall, because of the prevalence of storms = ain \ Ai ee Se 
at these times, absence of thermalden- | | / = 9 SN oo @ a i 

*. * + ee oe ee i a NN 
sity gradients in the water column, and Ff ee ee ee 
scarcity of offshore macrophyte bedsto . > 37/79 a oo ee 

a Prevailing winds in spring and a (ee ee fr Oa EN Ware tepledliy trom coukhee 4. eee ee Ee i eo Re 
southwest, directing the greatest ai < ee by trees along the east shore at 7:00 a.m. 

mechanical energy against the north ( ) of August 1, it 

and west shores of the lake. The break- 
ing waves eroded the shoreline in places 
and carried away sediments. 

High water temperature in the an- 
kle-deep water along shore may also 
have suppressed plant growth and de- 
velopment. Water temperatures here 

reached over 40 C on some July and 
August days and then dropped at 
night. These conditions may have Dawson 1978, Dawson and Kern-Han- night lowered water temperature in the 
taxed the adaptability of many plants sen 1978). Well-shaded stream banks marginal zone below that over dense 
and ectothermal animals. not only lower total biomass, but sup- vegetation of the shallow-water zone. 

Some areas along shore were occa- port fewer plant species (Jorga et al. 
sionally smothered in sediment. The 1982). Growing trees along certain lake 
one or two samples collected in the shores could be a long-term manage- Nutrients in Macrophytes 
shallowest water along Transect 14 ment option for limited control of sub- 
were often devoid of plants, due to | merged macrophytes. ‘ . 
heavy sedimentation from one of the On warm days in July, submerged There was no evidence that nutri- 
permanent streams just after a storm. | macrophytes absorbed solar radiation | ents limited macrophyte growth in 
Coontail repeatedly attempted tocolo- | and heated the surrounding water Halverson Lake (Table 10). Nutrient 
nize this site without success. Macro- _ through forced convection and conduc- concentrations varied among sampling 
phytes were also destroyed by wind tion. Water temperatures were 2-3 C _ dates for each species, but no seasonal 
erosion of a sand blowout on a steep _ higher above plant bedsthaninnearby or yearly trends were evident. Being 
bank by Transect 5 (dotted rectangle © areas without them (Table 9). The | water soluble and mobile across cell 
in Fig. 2). Siltation was heavy in 1981 temperature dropped 10Cfromsurface | membranes, potassium leached from 
and 1982 after beavers removed young _ to bottom in vegetated areas without —_ the plants during thawing and yielded 
willows (Saliz sp.) infront of thisbank. | bottom springs, but decreased only a low mean concentrations. Plants in 
Muskrat tunneling along the dam and _few degrees in unvegetated areas. Dale © 1982 were not frozen and had much 
areas of the west shore contributed to and Gillespie (1977) noted a similar _higher potassium levels. Calcium con- 
erosion and sedimentation by loosening © temperature gradient through plant centrations were high, because of marl 
bank soil. beds. Absorption of solar radiation by Temaining on the plants after washing. 

Shading from high banks and trees the surface foliage, with restriction of Mean concentrations of nitrogen 
appeared to reduce plant biomass and water movements, accounted for the | and phosphorus were within the range 
diversity along the dam (Transects 8 __ thermal stratification. reported for the same species in nearby 
and 9) and east shore (Transects 10- Isotherms in Halverson Lake were Cox Hollow Lake (Richardson 1974). 
13). The high bluff along the east shore —_ lower on the lake edge of macrophyte They were higher than Gerloff’s (1973) 
cast a morning shadow evident on in- beds and bent under or between foliage critical growth-limiting levels of 0.1% 
frared aerial photographs (Fig. 22). toward shore (Fig. 23).Such bending of  P and 1.3% N for subterminal tips of 
This shore received several hours less isotherms was most pronounced in _coontail. Adding nutrients to the lake 
direct sunlight than did the opposite shallow water, where plant beds were ‘Might have increased macrophyte den- 
shore. Vegetation was scarce under denser. Heat was liberated to the at- _ sity, but probably would not have ex- 
branches of red cedar trees (Juniperus mosphere at night, but the surface wa- panded its total plant cover. An in- 
virginiana L.) growing by the east ter above the macrophytes remained _ crease in benthic algae might instead 
bank. Black alder trees (Alnus gluti- | warmer than that in open water. Ex- _ have occurred from additional nutrient 
nosa Gaertn.) have been planted along treme water temperatures (40 C) were _ loading (Cattaneo and Kalff 1980) or a 
streams in Europe to suppress sub- _ reached in the marginal zone during the | phytoplankton bloom might arise that 
merged macrophytes and lower water day, due to absorption of solar radia-~ | could shade macrophytes and limit 
temperature for trout (Krause 1977, tion by the dark bottom. Heat loss at | growth in deep water. 29



BOTTOM AND 
| PLANT DWELLING FAUNA 

Community Composition 

AIR=33C DISTANCE FROM SHORE (m) Macroscopic invertebrates com- 
WO Ss 20 30 40 50 60 70, prised a large and varied community in —— Sete 38, 3432 9g Sea, Halverson Lake. They occupied di- 
NEG eect 29 verse habitats and comprised over 140 

| ee species. There was one-fifth and one- 
oe ] half more species of macroinverte- 

Ne eS SN ae en LULODT - brates than species of phytoplankton 
SS _ A eee E and zooplankton, respectively (Ta- 

2 A NRE ae RRS x ble 11). More species were collected in- 
Y . RES MA CROFHYTES 2% shore on submerged macrophytes (78 

1 739 ESS a species) than on the lake bottom (61) 
Ceo eae or in midwater on multiple-plate sam- 

0 WA plers (55). The littoral region was 
{L_TRANSEGT 6 SORRGE 3 richer in bottom species than the 

O45, profundal region (20). Many species, 
XY however, were rare or seldom encoun- 

tered, leaving a smaller pool of recur- 
ring species. The mean Shannon- 
Weaver diversity indices for bottom 
samples, pooled for all years, was thus 

FIGURE 23. Isotherms (C) through macrophyte beds along Tran- not significantly different from either 
sect 6 around noon on a warm sunny day (July 14, 1983). Inset pooled zooplankton or phytoplankton 
shows aerial sketch of the lake at Transect 6. | samples, based on unequal-variance f- 

tests. Because many of the insects had 
numerous morphologically distinct in- 
stars, the macroinvertebrate commu- 
nity was even richer than would be sug- 
gested from the number of species. 

Aquatic insects comprised about 
three-fourths of all macroinvertebrate 

species (Table 12). They were classified 
into 45 families and 9 orders. Usually 
only 1 species was identified for each 

— 

TABLE 9. Water temperatures (C) through and just outside macrophyte beds in a sheltered (Transect 1) and unsheltered 
(Transect 3) bay on July 14, 1983.4 

Tran- a Depth my 
sect Plants 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 Mean + 1SE 

1 Absent 28.0 28.0 24.1 23.5 22.7 22.0 218 21.3 #£=.21.0 20.2 19.8 18.7 23.0 + 0.9 
1 Present 31.0 31.0 27.1 26.4 23.2 22.6 22.1 21.6 21.1 20.4 20.2 20.0 23.9 + 1.2 
3 Absent 30.1 30.1 30.1 30.1 30.1 30.0 29.9 29.8 29.6 29.6 29.6 29.5 29.9 + 0.1 
3 Present 32.5 32.0 31.8 30.9 30.5 306 305 29.9 — — — — 31.1 + 0.3 

@ Air temperature 1 m above the water surface, under a light breeze, was 31 C at noon (Transect 1) and 33 C at 2 pm (Transect 3). 

TABLE 10. Nutrient content of whole macrophyte shoots sampled in 1977-82 (values are mean percent dry weight + 1 
SE).@ 
ee 

Berchtold’s and Curly-leaf Bushy Water 
Element Sago Pondweeds Pondweed Coontail Pondweed Stargrass Elodea All Plants 
Potassium 0.40 + 0.08 0.45 + 0.11 0.73 + 0.20 0.62 + 0.25 1.25 + 0.54 2.03 + 0.33 0.66 + 0.09 
Phosphorus 0.30 + 0.01 0.28 + 0.02 0.35 + 0.01 0.29 + 0.03 0.34 + 0.03 0.48 + 0.04 0.82 + 0.01 
Nitrogen 2.34 + 0.08 2.19 + 0.138 2.44 + 0.06 2.28 + 0.08 2.17 + 0.16 2.37 + 0.43 2.00 + 0.05 
Sulfur 0.35 + 0.01 0.32 + 0.02 0.36 + 0.01 0.35 + 0.02 0.31 + 0.03 0.380 + 0.01 0.33 + 0.07 
Calcium and 
Magnesium 3.98 + 0.35 4.57 + 0.55 3.68 + 0.12 5.08 + 0.54 2.67 + 0.25 5.79 + 2.14 4.11 + 0.21 
Sample size 20 20 19 8 8 3 78 
@ Bushy pondweed and water stargrass were only analyzed in 1981 and 1982, elodea only in 1982, because of the previous scarcity of 

30 these species in the lake. All samples were composites of plant samples randomly selected from each transect on each date.



genus found, but nearly 10 genera were 
each represented by 2 or 3 species. In- 

sects also accounted for nearly one-half , 

of the total number of individuals col- (144) 

lected on the bottom and on plants. | 

Fly and midge larvae (Diptera) 
were the most diverse order of insects (34 
in the lake (Table 13). Chironomidae 
were especially speciose, with 21 spe- 

cies in 18 genera. This supports its rep- 
utation for considerable adaptive radi- 
ation in lakes (Saether 1979). 
Dragonflies and damselflies (Odonata), 
beetles (Coleoptera), caddisflies (Tri- 
choptera), and true bugs (Hemiptera) 
were next most diverse with each order 
represented in the lake by over 10 spe- ABUNDANT COMMON 

Macroinvertebrates other than in- 
sects contributed about 30 species to -_ 
the lake (Table 14). Free-living water FIGURE 24. N umber of macroinvertebrate species comprising al 

mites (Arachnida: Acari), with 9 spe- least 5% of individuals (34 “abundant’’ species) and samples (104 

cies in 8 genera, were the most diverse “common” species). Arrows signify fluctuations in pool sizes 

order of noninsect macroinvertebrates. through migration or local extinction. 
Crustaceans were better represented in 
plankton samples and were not ade- 
quately collected in the benthos. 

Burch (1982) was followed for dis- 

agreements in nomenclature of snails. TABLE 11. Diversity of macroinvertebrate, zooplankton, and phytoplankton 

Fossaria s. str. are lumped under communities of Halverson Lake in 1977-82. 
Lymnaea by Edmondson (1959) and ee eee eeeeeeeeeeeeeeeoaoooooeooooem™m=S 

Pennak (1978). Physella is treated as Macro- Phyto- Zoo- 

Physa by Edmondson (1959), Eddy Parameter _—Sss——C—~CSCsieerrtebrates plankton ——s—splankton _ 

and Hodson (1961), Te (1975), and No. genera 135 80 49 

Pennak (1978). Helisoma anceps No. species 144 114 12 
Menke is synonymous with H. antrosa SW diversity 2.4 + 0.02 2.1 + 0.08 2.3 + 0.05 

(Conrad) in Baker (1928) and Eddy _(mean+1SE) 00 
and Hodson (1961). & Based on 164 macroinvertebrate samples at Stations 1-5, and 68 phytoplankton and 

- Because many rare species were 129 zooplankton samples at Stations B and C. 

found in the lake, a much smaller fauna | 
occurred on any particular sampling | 

date. Only 1 or 2 specimens were col- 
lected of 37 species. About 40 species 
were found only once. Some were not fishes or invertebrates, and limitations TABLE 12. Number of taxa identified in 

aquatic and were probably blown into in habitat or niche space could reduce bottom samples and from plants in 

the lake. They included such true bugs the abundance of many species. Rare- Halverson Lake in 1977-82. 

(Hemiptera) as weevils (Curculion- ness can be adaptive, however, by re- ll oooor== 

idae), stink bugs (Pentatomidae), and ducing the encounter frequency with __No. Taxa__ 

aphids (Homoptera: Aphididae). predators and making fuller use of Taxon _—s————Cidnsects__—CT otal 

Others were stream inhabitants that | available niches in the lake. Phyla 1 6 

washed into the lake after a rain, such Some taxa dominated all habitats Classes 1 10 

as the amphipod Gammarus and the (Tables 16 and 17). Only chironomid Orders 9 20 
. . Families 45 68 

mayfly larva Baetis. larvae were both frequently occurring Genera 108 135 

Many species occurred often in and abundant in inshore samples. Species 113 144 

benthic samples, but were seldom Other abundant taxa included oligo- , | 

abundant (Fig. 24). About 10% to13%  chaetes, amphipods (Hyalella), mayfly individuals 498 1,130 

of the taxa comprised at least 5% of the larvae (Caenis), damselfly larvae _(thousands) 

total abundance of organisms, yet (Enallagma and Ischnura), dragonfly 

about one-half of the taxa occurred in larvae (Epitheca), true bugs (Neoplea), 

at least 5% of all samples (Table 15). caddisfly larvae (Leptocerus, Necto- 

Halverson Lake, therefore, contained psyche, and Oecetis), ceratopogonid lar- larvae (Hexagenia) and clams. A larger 

many species that survived each year vae (Bezzia spp. complex), snails (He- percentage of true bugs, dragonfly lar- 

in low numbers. Discounting probable lisoma, Gyraulus, and Physella), and vae, and water mites were found on 

migrants from shore and aquatic spe- clams (Sphaerium). They formed a plants, and there was a larger total 

cies encountered only once or twice, the guild of 34 species that occurred abun- number of species than found in other 

lake still contained about 100 recurring dantly and commonly in inshore sam- habitats sampled. The mean number of 

species typical of lakes or permanent ples. - taxa/sample, however, was not signifi- 

ponds. Since three very different meth- The composition of benthos differed cantly different among benthos found 

ods were employed, sampling bias can- among habitats. In midwater (on mul- on plants (14 species), in midwater on 

not likely account for the rareness of so tiple-plates) relatively more chiro- multiple-plates (12), and on the bot- 

many species. Intense interspecific nomid larvae and amphipods occurred, tom near shore (11), when tested with 

competition, predation pressure from but there were fewer burrowing mayfly one-way ANOVA. Some macrophyte 3]



TABLE 13. Insects identified in Halverson Lake in 1977-82. 

Order | Order 
Family Family 

__—Genus Species SC Common Name __Genus Species CC Common Name 
Ephemeroptera (L) Maryflies Orthotrichia sp. 
Caenidae Squaretails Oxyethira sp. 
Caenis sp. Leptoceridae Longhorned case makers 

Ephemerellidae Spiny crawlers Ceraclea sp. 
Ephemerella sp.» Leptocerus americanus 

Baetidae Minnow mayflies (Banks) 
Baetts sp.b Nectopsyche sp. 
Callibaetts sp. Oecetis sp. 

Ephemeridae Burrowing mayflies Setodes sp. 
Hexagenia lumbata Triaenodes sp. 

(Serville)2 Phryganeidae Giant case makers 
Odonata: Anisoptera Dragonflies Phryganea sp.b 
Aeshnidae Darners Polycentropodidae Tubemakers 
Aeshna sp. Polycentropus sp.b 
Anaz sp. Psychomyiidae Nettube caddisflies 
Boyeria vinosa (Say) Lype diversa (Banks) 

Cordulliidae Greeneyed skimmers Megaloptera (L) Alderflies 
Dorocordulia libera Selys Sialidae Alderflies 
Epitheca sp.¢ Stalis sp. 

Gomphidae Clubtails Neuroptera (L) Lacewings and spongillaflies 
Arigomphus sp. Chrysopidae Lacewings 
Dromogomphus spinosus Selys Chrysopa sp.» 
Selys Lepidoptera (L) Moths and butterflies 
Gomphus sp. Pyralidae: Nymphulini Aquatic moths 
Stylurus sp. Coleoptera (L, A) Beetles 

Libellulidae Common skimmers Dytiscidae Predaceous diving beetles 
Celithemts sp. Coptotomus sp.b 

| Erythemis simplicicollis Cybister fimbriolatus 

(Say)b (Say) 
Leucorrhinia sp. Hydroporus sp. 
Libellula sp. Hygrotus sp. 
Perithemis tenera (Say) Iilybius sp. 
Plathemis lydia (Drury) Laccophilus sp. 
Sympetrum sp. Tnodessus sp. 
Tramea sp.» Gyrinidae Whirligig beetles 

Odonata: Zygoptera Damselflies Dineutus sp. 
Coenagrionidae Narrow-winged damselflies Haliplidae Crawling water beetles 
Anomalagrion hastatum Haliplus sp. 

(Say) Peltodytes sp. 
Argia sp.> Chrysomelidae Leaf beetles 
Coenagrion sp. Donacia sp.» 
Enallagma sp. Curculionidae? Weevils 
Ischnura verticalis (Say) Elmidae Riffle beetles 
Nehalennia sp.> Ancyronyz variegatus 

Lestidae Spreadwinged damselflies (Germar) 
Lestes sp.b Dubtraphia sp. — 

Hemiptera: Heteroptera Aquatic bugs Stenelmis sp. 
(L, A) Helodidae Marsh beetles 

| Belostomatidae Giant water bugs Scirtes sp.» 
Belostoma flumineum Say Hydrophilidae Water scavenger beetles 
Lethocerus sp. Berosus sp. 

Corixidae Water boatmen Hydrophilus triangularis 
Sigara sp. Say 

Gerridae Water striders Tropisternus sp. 
Gerris sp. Diptera (L) Flies and midges 
Trepobates sp. Stratiomyidae Soldier flies 

Mesovellidae Water treaders Nemotelus sp. 
Mesovelia mulsants White Odontomyta sp. 

Naucoridae Creeping water bugs Oxycera sp.> 
Pelocoris femoratus Palisot Tabanidae Deer flies | 

de Beauvois Chrysops sp. 
Nepidae Water scorpions Tabanus sp. 
Ranatra sp. Ephydridae Shore flies 

Notonectidae Backswimmers Ceratopogonidae Biting midges 

Buenoa sp. | Alluaudomyia sp.» 
Notonecta sp. Atrichopogon sp.b : 

P entatomidae> Stink bugs Bezzia spp. complex 
Pleidae Pygmy backswimmers Chaoboridae Phantom midges 
Neoplea striola (Fieber) Chaoborus albatus Johnson 

Veliidae _ Shortlegged striders C. flavicans (Meigen)> 
Microvelia sp.b C. punctipennis (Say) 

Hemiptera: Homoptera (A) Leafhoppers and aphids Chironomidae®: Non-biting midges 
Aphididae Aphids Chironominae 

Trichoptera (L) Caddisflies Chironomus attenuatus 
Hydroptilidae Micro caddisflies Walker 
Agraylea multipunctata C. plumosus (Linnaeus) 

32 Curtis» Dicrotendipes modestus 
| Hydroptila sp. (Say)



TABLE 13. (Continued ) 

Endochironomus nigricans Acricotopus sp.b 
(Johannsen) Nanocladius sp. 

Glyptotendipes lobiferus Chironomidae: 

(Say) Tanypodinae 
Lauterborniella varipennis Clinotanypus sp. 

| (Coquille) Djalmabatista sp.» 
Micropsecira sp. Guitipelopia spp. 
Parachironomus sp. Labrundinia sp. 
Paratanyiarsus sp. Larsta sp. 
Polypedilum sp. Procladius spp. 
Tanytarsus sp. Culicidae? Mosquitoes 

Chironomidae: Tipulidae Crane flies 
Orthocladiinae Tipula sp.b 

4 Insects were identified from Cook (1956), Hilsenhoff (1975, 1981), Edmunds et al. (1976), and Wiggins (1977). Scientific names 
and classification followed Brigham et al. (1982); common names followed McCafferty (1981). Life-history stages are noted in 
parentheses as L (larvae, nymphs, immatures, or pupae) and A (adults). 

b Only 1 or 2 individuals were found in the lake. 
© Epitheca (Odonata: Corduliidae) included E'picordulia and Tetragoneuria, following Hilsenhoff (1981). 
d Bezzia complex (Diptera: Ceratopogonidae) included Bezzia s. str., Palpomyia and Probezzia, following Hilsenhoff (1975). 
© Chironomid genera were identified from Hilsenhoff (1975, 1981); species were identified from Webb and Brigham (1982). The lake 
may contain other species in the same genera than those listed. 

TABLE 14. Free-living macroinvertebrates, other than insects, 
identified in Halverson Lake in 1977-82. 

Phylum « Phylum 
Class Class 
Order | Order 
Family Family 
Genus Species Common Name Genus Species | Common Name 

Coelenterata Hydras and jellyfishes Acari: Trombidiformes4 Freshwater mites 
Hydrozoa Hydras : Arrhenuridae 
Hydroida (Anthomedusae) Arrhenurus globator (Miiller) 
Hydridae Axonopsidae 
Hydra americana Hyman Albta stattonis Thor 

Nematoda Roundworms Hydrarchnidae 
Adenophorea . Hydrachna sp. 

Enoplida Hydrodromidae 
Jronidae Hydrodroma despiciens (Miiller) 
Cryptonchus sp. Limnesiidae 

Annelida Segmented worms Limnesia undulata (Miller) 
Oligochaeta Earthworms Mideopsidae 
Haplotaxida Mideopsis americanus (Marshall) 

Naididae Pionidae 

Dero digitata (Miiller) Piona cf. pugilts (Wolcott) 
Paranais sp. P. rotunda (Kramer) 

Stylaria lacustris (Linnaeus) Unionicolidae 
Tubificidae Neumania semicircularis Marshall 

Limnodrilus udekemianus Claparéde Mollusca Mollusks 
Limnodrilus sp. Gastropoda Snails 

Hirudinea Leeches Limnop hila 
Pharyngobdellida Lymnaeidae 
Erpobdellidae Fossarta s. str. cf. parva (Lea) 

Erpobdella punctata (Leidy) Physidae 
Rhynchobdellida Physella gyrina (Say) 
Glossiphoniidae | P. integra (Haldeman) 

Helobdella triseralis (E. Blanchard) Planorbidae . 
Placobdella papillifera (Verrill) Gyraulus (Torquis) hornensis Baker 

Arthropoda Arthropods G. (T.) partus (Say) : 
Crustacea Crustaceans Helisoma anceps (Menke) 

Amphipoda Scuds Pelecypoda (Bivalvia) Clams | 

Gammaridae Heter odonta . ; 
Gammarus pseudolimnaeus Bousfield¢ Sphaeriidae Finger-nail clams 

Talitridae B Sp P “Iyaoe M ‘mals 
ryozoa (Polyzoa oss ani 

D Hyalella azteca (Saussure) Phylactolaemata Freshwater bryozoans ecapoda Crabs and crayfishes Lo 
. phopodidae 

Astacidae Crayfishes Pecti , 
; : ectinatella repens (Linnaeus) Cambarus d. diogenes Girard Plumatellidae 

Arachnida Mites, spiders, scorpions Plumatella magnifica Leid 

4 Macroinvertebrates other than insects were initially keyed to genus with Edmondson (1959), Eddy and Hodson (1961), and 
Pennak (1978). Further identifications followed Goodey (1963), Ferris et al. (1976), and Tarjan et al. (1977) for Nematoda; 
Brinkhurst and Jamieson (1971) and Howmiller (1975) for Oligochaeta; Klemm (1972) for Hirudinea; Crocker and Barr (1968) for 

Astacidae; Wolcott (1902 in Edmondson 1959) and Marshall (1921, 1924, 1927, 1933, 1935, 1937, and 1940 in Edmondson 1959) 
for Acari; Baker (1928) and Burch (1982) for Gastropoda; and Burch (1972) for Sphaeriidae. 

b Helobdella triseralis (E. Blanchard) was identified by Donald J. Klemm. The species name lumps H. fusca (Castle) and H. lineata 
(Verrill), which could not be separated in the Halverson Lake material (Klemm 1972). 

© Only a single individual, from a bass stomach, was known from the lake. They were common in streams entering the lake. 33 
d Freshwater and some terrestrial mites, formerly considered Hydrachnellae or Hydracarina, are classified here as Trombidiformes, 

following Edmondson (1959) and Pennak (1978).



TABLE 15. Percent macroinvertebrate taxa contributing at least 5% meant that many species had to occupy 

of all individuals or samples during 1977-82. the lake bottom, such as amphipods, 

tam Sent mites. Species exchanges also occurred 

Contribution Lake Submerged on Multiple oenore: as Chaoborus larvae migrated 
| of Taxa Bottom Macrophytes Plates etween the lake bottom and upper Wa- 

Total individuals (%) 12 13 10 ter column each day. Diel migrations of 

Total samples (% ) 42 60 68 invertebrates between the bottom and 

Number of taxa 48 55 41 plants were not studied. 
4 A single taxon was counted each for Acari, Chironomidae, Hirudinea, Species composition differed be- 

Nematoda, and Oligochaeta. tween the bottom and macrophytes. 
The plants supported relatively more 
Physella snails, water mites, amphi- 
pods, naidid oligochaetes, damselfly 
and dragonfly larvae, true bugs, 

aquatic moths, Leptocerus caddisfly lar- 
vae, and beetles. Among chironomid 
larvae, Glyptotendipes and Lauterbor- 

samples supported few benthos, and Macroinvertebrate Habitats niella were more common on plants 
lowered the mean taxa for all plant than the bottom. The lake bottom con- 
nets. tained a higher proportion of Gyraulus 

The bottom fauna was less diverse Macroinvertebrates occupied di- snails, tubificid oligochaetes, finger-nail 
at Station C. It included significantly verse habitats. Most species were col- clams, and larvae of chironomids and 
fewer taxa/sample than did samples lected among submerged macrophytes ceratopogonids. Burrowing species 
from the other bottom sampling sta- or on the lake bottom inshore, partly were more abundant on the bottom 
tions, when tested with one-way because these were large habitats and than the plants. Chironomus, 
ANOVA. Chaoborus dominated at Sta- intensively sampled. Most bottom spe- Dicrotendipes, Muicropsectra, and 

tion C. Some chironomid larvae, oligo- cies occurred on the sediments, but Procladius were common chironomids 
chaetes, caddisfly larvae, cerato- burrowing species were often more on the lake bottom in winter (Ta- 
pogonids, and mollusks occurred abundant. Macroinvertebrates ap- ble 19). Chrronomus, Dicrotendipes, and 
sporadically in profundal samples. The peared less numerous and diverse on Procladius were also common on both 
station was devoid of dissolved oxygen emergent vegetation, in open water, plants and the bottom in summer. De- 
for about 8 months of each year. and on the water surface. Floating spite a broad overlap in species, the 
Chaoborus larvae, contributing over mats of filamentous algae, underwater lake bottom and submerged macro- 
90% of the fauna, could survive there brush and tree limbs, and rock crevices phytes held differing compositions of 
by vertically migrating into the upper formed microhabitats for some in- macroinvertebrates. 
oxygenated water column each eve- vertebrates. The surrounding water- 
ning. shed contributed some rare species. 

Chaoborus punctipennis (Say) domi- —‘ The species richness of the littoral re- Bottom Fauna 
nated at Station C; C. albatus Johnson gion was due to its habitat diversity, 
dominated inshore, but occurred there large surface area, abundance of detri- _ 
in low numbers. C. puncttpennis made tus and benthic algae as food, and posi- The distribution and abundance of 
up 68% of the chaoborids at Station C, tion as an ecotone between the bottom fauna in Halverson Lake var- 
40% at Station B, and less than 15% profundal region and shore. ied seasonally. The inshore stations 
inshore. A similar inshore-offshore re- Few macroinvertebrate species were supported the largest number and di- 
placement pattern was noted by Roth restricted to a single habitat, but some versity of macrobenthos during most of 

(1968). These smaller Chaoborus spe- habitats had a limited fauna (Ta- the 41 sampling dates. 
cles survive fish predation pressure bet- ble 18). Only 13 of 78 species on sub- In June, July, and August nearly 
ter than do larger species (Pope et al. merged macrophytes and 6 of 61 bot- three-fourths of all bottom fauna oc- 
1973). | tom species were not sampled curred beneath the macrophytes 

The species richness of Halverson elsewhere (Tables 16 and 17). The open (Fig. 25). About 60% of chironomid 
Lake may not be unusual for shallow water habitat contained 33 swimming larvae and over 90% of snails, clams, 
hard water lakes and permanent ponds and diving species, but only Chaoborus and larvae of caddisflies, damselflies, 
in temperate climates. The species pool and some young chironomid larvae dragonflies, and mayflies occurred in 
of aquatic macroinvertebrates can be were partly planktonic. Five species oc- the littoral region. Their abundance 
large for a lake district or local geo- cupied the water surface as epipleus- dropped at Station B (Fig. 2), just 
graphical area (Macan 1970, Magnin ton, but only Dineutus whirligig beetles outside the macrophytes. Station C, 
1977, Saether 1979). The species of an- ever became abundant. Seven species having thermally stratified, was devoid 
nelids, amphipods, mollusks, and many regularly occupied algal mats (McCaf- of dissolved oxygen during summer 
of the insects found in Halverson Lake ferty 1981, Merritt and Cummins and, thus, supported fewer organisms. 
are cosmopolitan and regularly occur in 1984), especially pygmy backswim- In cooler months about 50% of all 
Wisconsin lakes (Hilsenhoff and Narf mers (Neoplea). Floating mats trapped bottom fauna were found inshore. This 
1968). Peterson and Hilsenhoff (1972) detritus and supported sessile protozo- percentage decrease was due to a large 
reported over 20 species of Chiro- ans, rotifers, and diatoms. They estab- recovery of bottom fauna at Station C, 
nomidae on the bottom of Lake Win- lished microhabitats for benthos before rather than to a real decline in abun- 
gra. Schiemer (1979) found 13 chiro- vascular plants became widespread. dance inshore. Increased water circula- 
nomid species in the central European Algal mats appeared to serve as feeding tion during spring and fall overturn re- 
lake, Neusiedlersee. Most of the inver- stations for some benthos, until sum- plenished the concentration of 
tebrate genera reported on macro- mer water temperatures above 30 C re- dissolved oxygen at Station C and per- 
phytes in Clear Lake, Iowa (Mrachek stricted their use. mitted a larger bottom fauna. The 
1966) were also collected in Halverson Faunal exchanges occurred among fauna may have migrated from shore, 

34 ~=— Lake. habitats. Loss of vegetation in the fall because the station was situated near



TABLE 16. Percentage of samples containing macroinvertebrates from different habitats in | 
1977-82. 

PHYLUM | PHYLUM 
Class | Class " 
Order Midwater Order Midwater 
Suborder on Multiple Plant _ Bottom Suborder on Multiple Plant __—-Bottom 
Family Genus Plates _ Dwellers Inshore Stn. B Stn. C Famil Genus Plates | Dwellers Inshore Stn. B Stn. C 

COELENTERATA (hydras) Hydra 10 0 l 0 0 Leptoceridae 18 99 87 o1 46 
NEMATODA (roundworms) 1 5 1 0 0 reracle a4 73 5 (te 
ANNELIDA (segmented worms) 18 64 84 80 43 Nectopsyche 61 39 79 49 35 Oligochaeta (earthworms) 35 57 80 80 43 Occetis 8 27 12 0 0 
Hirudinea (leeches) 61 34 21 0 0 Triaenodes 8 10 9 0 0 

ARTHROPODA 100 100 100 100 8100 Megaloptera (alderflies) | 
Crustacea Sialidae Stalis 0 2 1 0 0 
Amphipoda (scuds) Hyalella 99 93 41 5 0 Lepidoptera (moths) 0 14 0 0 0 

Insecta 100 100 100 100 #100 Coleovt beet] 15 69 19 0 0 
Ephemeroptera (mayflies) 98 84 13 0 0 Ce ee °s) 0 1 0 0 0 
Baetidae Callibaetis 19 12 1 0 0 Dytiscidae 54 28 2 0 0 
Caenidae Caenis 98 81 73 0 0 Coptotomus 1 0 0 0 0 
Ephemeridae Hexagenia 0 0 1 0 0 Hydroporus 8 18 1 0 0 

Odonata: Zygoptera (damselflies) 80 74 37 0 0 Laccophilus 2 7 0 0 0 Coenagrionidae Coenagrion 1 7 0 0 0 Liodessus AT 9 2 0 0 
Anomalagrion Elmidae 6 0 3 0 0 

Nehalennia 0 0 1 0 0 Store 5 D 69 08 80 . . tenetmis 
Odonata: Anisoptera (dragonflies) 31 39 27 0 0 Gyrinidae Dineutus 11 2 0 0 0 
Aeshnidae Anax 5 7 0 0 0 Haliplidae 0 51 10 0 0 Corduliidae Epitheca 22 13 11 0 0 Haliplus 0 27 10 0 0 
Gomphidae Ariaompk 0 9 12 «0 0 Peltodytes 0 40 1 0 0 

Drom e ° 7 5 0 0 Hydrophilidae 19 18 8 0 0 romogomphus 0 3 0 0 Berosus 19 16 8 0 0 ime GE a ropisternus 
Libellulidae a, 4 12 7 0 0 Diptera (flies and midges) 100 86 100 100 100 Celithemis 2 tT 0 0 0 Ceratopogonidae 61 45 90 8 Erythemis 0 0 1 0 0 Chaoboridae Chaoborus 17 5 23 88 100 

ncer ani , ‘i ’ ) , Chironomidae 100 i 1 a ° 
, Ephydridae 0 | 

Sympetrn ) ; : } , Stratiomyidae ° ; , , ) 
Nemotel Hemiptera (true bugs) 19 36 7 0 0 Odontomyia 0 1 0 0 0 Belostomatidae fepioma 0 2 0 0 0 Tabanidae 0 8 18 0 0 
C 0 Corixidae Stgara 0 2 0 0 0 al ae | 0 0 3 0 0 

Bae Trepobates 0 1 0 0 0 Arachnida (mites and spiders) 
Newmdne. Ranatra ) , , ) , Acari (free-living water mites) 49 68 55 = 34 14 
Notonectidae 0 6 0 0 0 MOLLUSCA (snails and clams) 94 100 100 100 16 | Buenoa 0 3 0 0 0 Gastropoda (snails) | 94 100 100 893 70 

Lymnaeidae Lymnaea 0 13 1 0 0 Notonecta 0 3 0 0 0 . 
Physidae Physella 82 95 94 39 22 Pleidae Neoplea 19 27 7 0 0 . ; 1 49 Trichoptera (caddisflies) 81 9 87 «51 46 Planorbidae Helisoma 47 95 eG Hydroptilidae 11 0 1 0 0 Gyraulus “1 3s LM BS Hydroptila 8 0 0 0 0 _—~OPelecypoda (clams) Sphaerium 25 82 98 100 30 

Orthotrichia : 0 0 1 0 0 Total no. samples 83 107 2A2 41 37 
Oxyethira jl 0 1 0 0 

Cad 
est



TABLE 17. Percent of total number of macroinvertebrates comprising at least 1% of those collected in 
different habitats in 1977-82. 

PHYLUM 
Class 
Order Midwater 

Suborder on Multiple Plant ________ Bottom 
Family Genus Plates Dwellers Inshore Stn. B Stn. C 

ANNELIDA 2 11 5 14 1 

Oligochaeta 1 10 5 14 1 

Hirudinea 1 1 tr 0 tr 

ARTHROPODA 94 61 47 49 99 
Crustacea: Amphipoda Hyalella 18 17 tr tr 0 
Insecta 75 40 46 48 99 
Ephemeroptera 7 3 1 0 0 
Caenidae Caents 7 2 1 0 0 

Odonata 2 1 tr 0 0 
Coenagrionidae Anomalagrion 

Enallagma 2 1 tr 0 0 
Ischnura 

Trichoptera q 16 13 3 1 
Leptoceridae Leptocerus tra 14 3 tr tr 

Nectopsyche 7 2 10 2 tr 
Coleoptera tr 2 tr 0 0 
Haliplidae Peltodytes 0 1 tr 0 0 | 
Diptera 58 17 31 46 98 
Ceratopogonidae 1 1 5 3 tr 
Chaoboridae Chaoborus tr tr tr 12 91 
Chironomidae , 57 16 26 31 7 

Arachnida: Acari Arrenhurus 
Hydrodroma 
Lamnesia 2 4 tr tr tr 
Piona spp. 
Neumania 

| MOLLUSCA 3 28 49 37 1 

Gastropoda 2 25 31 5 1 
Physidae Physella 1 13 5 1 tr 
Planorbidae Helisoma tr 6 7 2 1 

Gyraulus 1 6 19 3 tr 
Pelecypoda Sphaerium 1 3 18 32 tr 

Organisms sampled (1000’s) 20 10 — — — 
(1000’s/m2) — — 5,070 360 610 

4tr = less than 0.50%. 

the dam and down current from the 
. other stations. 

During ice-free times Station B con- 
tained about one-fourth of the mean 
number of macrobenthos found at the 
four inshore stations. The absence of 

TABLE 18. Habitat preferences of macroinvertebrates in Halverson Lake, as vascular macrop hytes at Station B 
reported in the literature. Data are percentage of total number of organisms may have discouraged colonization of 
sharing each habitat. benthos that depended on the detritus 

——————ee——llEeeaaanaa=qq$$$JKqJqq$$——————— and epiphytic algae associated with the 

Habitats in Which Organisms Taken macrophytes. The sediments at Sta- 
Midwater tion B may have been too fine and 

on Multiple Plant Bottom sorted for certain case-building larvae. 

Habitat Preference Plates Dwellers Inshore Stn.B Stn. C Loss of benthos just outside the littoral 

Crawling-burrowing region was also observed in Polish lakes 
Bottom sediments 2 13 28 50 1 (Wisniewski and Dusoge 1983). Sub- 
Sediments, macrophytes 76 44 62 37 8 merged macrophyte foliage, although 
Macrophytes 21 41 11 2 1 present mainly in warmer months, ap- 

Swimming peared necessary for the full develop- 
Midwater 1 i tr 12 91 ment of a bottom fauna in the lake. 

__Lakesurface 0 tr tr CC The bottom fauna was most abun- 
4tr = less than 0.5%. dant in winter (Fig. 26). Chironomids 

were abundant as late instar larvae. 

7 Mollusks and water mites were less 
abundant in winter, but many plant- 

| dwelling species occurred on the bot- 
tom in winter. Winter was a relatively 
stable period for benthos. Waves and 
strong currents were gone, water tem- 

36 perature was nearly constant, and the



bottom appeared homogeneous with 
the loss of macrophyte foliage. Winter 
losses of benthos from emergence can- tl MEAN IN /mm? 
not occur under the ice cover. The cold 0 ~ 
water probably slowed larval develop- MACROPHYTES 
ment in some species, and reduced pre- | (N SAMPLING DATES) 
dation pressure from other in- 

vertebrates and fishes (especially bass). | Sf {i 
Despite the loss of macrophyte foliage, {4 7 
bottom samples held more macroinver- oo —— Z Lo 

tebrates in winter. 7 7 Sf. | f4 L / 
The number of offshore benthos “1 ¢ of 

changed dramatically on some dates 

(Fig. 27). Huge numbers of Chaoborus FEB (5) L1\, 
larvae appeared at Station C in Febru- 

ary and spring 1981. Since each tripli- | 
cate haul of the Ekman dredge on three 
successive dates was crammed with the ~ 
larvae, sampling and counting errors | fj ~~ _ 

could be ruled out. Clear ice and early TLE le - - 
ice-out may have shortened the period ~_ ee -_ a 7 
of bottom oxygen depletion and re- ee “ -%+ ‘*¢d fl. _ = - ~ 
duced mortality of larvae. - | ~ ~ - - 

The total catch from multiple-plate \ 
samplers was less variable than bottom APR & MAY (8) 
or plant samplers. Total numbers were 

not significant among inshore stations 
or samplers within stations, when LX 

tested with one-way ANOVA. The & me SO! 
multiple-plate samplers were popu- | eet ikl ee - on * 

lated with chironomid, mayfly, and ‘ ease TER ee TUT as _- - 7 & 
caddisfly larvae (Fig. 28). Sample sizes wa \oah Ngee ie Sa a ae aa gh - Se 
increased in fall, from a build-up of Go nS SRR ORAS spree TERT Ek he 
Nectopsyche caddisfly larvae, and < we, eae ig ap —— ei ih 
dropped in spring, when chironomids JUN, JUL, & AUG od Tey a Tone 
emerged from the lake. Such popula- — 
tion changes appeared more clearly on | 

multiple-plate samplers, because pat- | 
terns of bottom dispersal can partly | [ | 
mask such changes in Ekman dredge ~— {4 
samples. fo _ 

The bottom fauna was more diverse ae Tl = = = 
inshore than offshore (Table 20). The N= ~ ~~ | 7 
Shannon-Weaver diversity index for . = ~ 
inshore samples (2.4 + 0.02) was sig- SEP & OCT 
nificantly larger than that for Station C °) 
samples (1.2 + 0.1), as tested with one- | 

way ANOVA on log-transformed data. FIGURE 25. Seasonal changes in mean density of bottom macroin- 
No significant differences were found in _perjebrates at six locations. 
diversity among inshore stations, when 
similarly tested. Station B values (2.1 

+ 0.5) were intermediate. Percent 
evenness was 71% inshore and at Sta- 
tion B, but only 50% at Station C, be- 
cause of the predominance of one taxon 

(Chaoborus) at Station C. The inshore | 

stations supported both a richer fauna TABLE 19. Percentage of the total number of non-biting midge larvae (Diptera: 
and a more balanced composition than Chironomidae) collected on the lake bottom, February 8, 1981. | 
the offshore stations. —elleeolTlTlTT—T—eEeT—————————————————————€—=€—Z—_—=—=_———&—&—X————————_ 

Sampling Station 

Taxon CCtsC“(‘(CdInshores FF FCCCUdBBUCUT CC® 
Association With Chironominae 19 100 90 40 

tTONOMUS SPP. 

Macrop hy tes Dicrotendipes modestus 45 0 —— («0 33 
Endochironomus nigricans 0 0 1 1 

Bottom macroinvertebrates were See ene Bes lobiferus 2 0 0 2 
. wropsecira sp. 7 0 0 6 

more diverse and numerous under sub- Tanypodinae 
merged macrophytes. Mean taxa/sam- Clinotanypus sp. 1 0 0 1 
ple was significantly greater on the bot- Guttipelopia sp. 
tom inshore (11 taxa) than at Stations Procladius spp. 25 0 0 20 
B (7) or C (5). No significant differ- Total no. larvae identified 99 25 12 136 

ences were found among all inshore sta- Total no. larvaesampled 8B BCC 3]
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dance of the four stations. Arrows denote the plant harvests.
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| tions in number of taxa, when tested 
RRA A ROSEN ARS EAS SR wi th one-way AN OV. A. S ta tion 5, how- 

a O ever, had significantly fewer benthos D9 o£ | ##-| than Stations 1 and 2, until it became f ft CC: Yy) an ‘ targrass in 1982 
< —.rrC: vegetated with water starg 

ook oe fh sCés The number of benthos was not di- *.  £rrCCissiésitisC sf rectly ciated with plant biomass. . ££... ssc ck 5=— y asso 
—> % Zo a: S? © No significant product-moment corre ST | EY 1 _ Oo lations were found between macro- 

8 clams, or Trichoptera in inshore pot. 
- - <[ tom dredge samples. The amoun 

2S living foliage was not as important to 
“ = LL | bottom organisms as perhaps une Be 

@ cumulation of orad oreante | matte 
sediments benea ep . 

O———_9-0) es Oo Submerged macrophytes supported e . -— =. a more abundant and richer bottom oo-eigo YA lrlrlUmUCUT Cie fauna in other lakes. Snails, chironomi 

yoo] Ne OG; 22 Cryptochironomus increasel beneath => of a © Cruptochiromomus increased beneath 
# oe a ~ in Lake Kariba, Zambia increased the ; eae , ase ° 

~* Oo | = ~  humber of benthos by 60% (McLac 
4 xt S$ Ian 1969). Soft bottom areas of well- 

S a. = vegetated European lakes support high 
< 2 Ui = benthic populations (Schiemer et al. 

” 1969). | 
o—cad- —-—_-p 3 The benthos were more varied on 

ye FE? 
© S the submerged macrophytes than od 

; yy  +#2=«=—seEE: the lake bottom. More taxa orcurte ; ee 
3° e : t 

“ >  £@tia Bre eeetesee en samples * ££ rr SISSY t- = from plants contained Hya fella amphi- 
; |, SS % pods. snails, chironomid larvae, 

; Wo & —_Leptocerus caddisfly larvae, finger-nail 
ome - — as = . Clams, naidid oligochaetes, and Caents 

4 § mayfly larvae (Table 16). . 
S a. < 3 The total number of macroinverte- 
“a : brates on plants did not differ signifi- 

D S 3 cantly among sampling dates or macro- 
3 phyte species (Fig. 29), when tested 

b——e0 = with one-way ANOVA. Samples in ° y Cot. hLrCOF O © June and July 1980-82 averaged 31 + 6 

* we i wo  ~&~=6— 3 subtractin g the catch in control nets). 
* BS 5 | 3 Sample variances were large and influ : CRS. EDLUr™—t—“ Csi MK 1 nets with large yS F-& is, © = enced by some control ne 

‘. ke is  F/|n6& ‘Ss catches. ; 2 -F @286hluc8rrC—C—CSsSC a o> % Water stargrass averaged 16 + 8 or 
| — Ss  § Ss 1 . Its flat linear foliage ranked be 2G Ch “+f | 3 ganismS/g ; inant spe- : We = 3 cies in the lake (Fig. 30). Highly 

: - C 5 branched plants have relatively larger 
{- 4 L. > surface areas and support more in- 

S ndrews Ss S vertebrates (Krecker 1939, ae oee 
<a ‘S$ and Hasler 1943, Mrache ; 

a —|O ck S  Kofinkova 1971, Voigts 1976), even as 
~ By lastic imitations of rea] plants (Ger- 

- 1979). The spread of oO if) O 6 rish and Bristow . 
DS S S Lake af- S 6 8 A 2 ‘ w “ = water stargrass in Halverson 

S S " “ 7 fa ter 1981 may, therefore, have meant a 
oS os 

y ‘ON IWWLOL % iz reduction in plant-dwelling ben 
, , , 

os lels7 SN c, over previous years.



i ahath, or Me: | Nyy hh | OT LE Te me EO Libya I i re 
Z My Y, Yo hy y yy Mi. & q bij mile” Yi 4 Tan my i "a i i Y ly Nh | f , “Ty ef Tee | ty Hur Krtfe / Yd Ma if 2 YY ay Yi Udy 

“yen LE! UY UME U On ly Ma SLY MEN, Cyn Wi ypard ag. <A LEN, pe Df g/d). Dy dye YS Med bye D yy, ‘i wubli ig ln ee Wt ae YM iiuphi. Wy py Y ROL y yn? “ti bic” Cle’ gi CLA deny 7 Or ey. hy Me OLR OU ple iy i fi PMY. eo yn ee eS a te aU oth YE Ls CR NS x ui Yi Te 6 OS Sy aL (ay i hg “ite gS SOU i, NOU, gra, andy, bare > ee Nega th Goer Med ie ye ii Ce Nextt, aii! OP ik + 9 MN my Ga!) a ie were: i is A UR, Yay, 4 Oe Yt, a, RE Ti : wl LU: py iW) “ 7 ne YW’ Bffe thy rey iY re MEM, bas eA eran: -* f PA. ea pas LM Gee oS \ Up GS Bir BGs Mp YOUR. aly, Cp Lia, m: flor ey Y is ol , aH in “bis ~ Wines oie ae = Sa, hp 4 WA le OR YF, wea TK -4 . = 4 ta tt Yh ee au — a ee iM Wk f wasn Lids % Te. "Tif hg uy) y 
" Mey Cag Ki de SE EE - ge UN WA ge LT LZ ee = NEE SOT we NZ, ,, yee NM iy of TEN | AR: 1, eal Pace han! 

4 by 18% © soar 6 a ig Me pe aed $ 2 arn cg RS Se ee ee 4 é af tg fe OMAP ihn y, A OA iho yg SL ee i (i Boi i a: eth ade Vz te MMM EE ee aL ee eae ee 848 ede) Se Bee Wie) ee ea rei | iS ee cot, ee We $2 A Me, eee ae I Ee LL Bai, Li Aerts ee Ue ; ——S——— - ne ak LO gt hf gf? RM cea, oP este: Th a, eee A eaten ce test 12 ae 
ea Ce Pict yyy ly sweet Ital BX, Py Need (CRE Rees oat Rad, Me Se He ie WM gra al ag wee ae 28s ae Ce ag Seg Zn Nie on AE UN age Mie e 8p kg OS Ni ge (Xt ale: SS WEN a Carman oad gee rz, 1S YI I nc 5 EE BSG nn SEY a EEN TAS LB tN alg aL ATRL | wy Me ee Pe gh oe eee LN I A I eck EE 2 ee SS a Pg ag N i eM Y 3 Sp pM ¥ Vale fn fai me NNN: Sy 4s dp Cosas a fi a ANAL SMA NL a ALi BY Ale dae ge cia lami NA it Voc Gl cal ah ome SS SSS 

ta'y. ! Ge Boa YY ae a Oh eee ce ee eee a ee ee > = =O SSS = 
eer dad at fm Ml Gikeukitege Se ae ee oer 2 =e ? ee ee ne = a = 2 _=ss — aa = eS = a= = < = SSS — 
i ele Ss “ ee = FSS == z 

— —_ 
=e = a ee 

ee 
ad > = Se 

_— 
‘ ¢ | a Te Se iii il SS = — 

___ lee eee ___ q _ ; we =e Se — eS am See = é = = gm = SS —_— —— ae (NV WD VT, J ITEFRHRrnr EZ 7 NU gee La - 5 = —S NA / A G 5 LID Z 
/ f Soni / 7 ke Z IB <EE ff eh WY pee : yf | Y/Y | f yi A ? (\ Y/ SL PLAYS SIZ ( Ye AG Sy EF Li CBX GF 1 " f ) A! - - Wf fog” \ mo a Uy). aT g \ YY” ; iP // Vg : My 4 1 (1 MPS f Rf y Lo / 

i HY i Wy ANA UY AZAS SC UWA gp: AL-YWEAY [WE Vo i r | Wl Yj ( | / | ) 4 _> A — Pe A iM fg!” Wa 
| V/ | " St - 7 Aas Vi. LA} LY A ZAK Va y f 
| Al | San Pry ) LFF A G Lo GE atte |? /p af , /) / / Wie 4) /\y \ | V2, i re M\ EFS i APA, VET I / SET Wy EAT i } WBE fe he WE gy jc / (SN i X Phe Ht! fy ) q Ze iG oN / fa OR Mf (eZ Vi / { 7 \ / | \ 

eo , sa y/ j SS fh gm y — x | \ Y/. = iN \ Pp a fo | ( (7 f , PV CURR Kd ea’ (PWR SREY SRO ICA acer fA a | | ) ; | , fom al SRY fay A/ } Ze A Kyl ie DINO? CL SM WN, ct Ai PE GLP, Tm | NS 
| ; Y/Y / YZ, d, 

aA if \/ \ 4 ~ / = fy IN q pi Vaal o ff 7 ; ; | | WN} XV ue, ! LAX \ a UN SRDCAR AA VEC a, YAY Xe Pee iV VAN | Abt p DANY SMALL N [hl e S's BG —< i LH 
i F o fy 

f Z t 
; / _ oe fj 

. | AV ik [Pr oL- BN rg Seri) KYW Nesey ~~ , Y WA We SIX XOVGN Haine VOW MER AGHIOS 4 PG Hime Mel ol SS // /N \ i? UP P WoL] © Ss ( LK i Jy Sat | = 
= \V | fh ig S ba \i\ AE LIS \V ARS OX p AN | : g = | | \ Baie Ne Say) SES WV, POD \ y aN. Whe. a , {> VI f (\ | Ss Sx oat iy, Ue / \ A Ly 

ws Pips y | ve W NY | f () Sy E/E /) Ly NR xX A N we Agate abn) ' 
Te ; ' 3 = i B ; k 

Jf} “4 7 G } 

= Se i ( y, / Ra? Sy i y, / NK ) bed } ; f I \N EIN yg | Si Ce YS A? i iy ‘ 0 - He j = = } . Ni ere 6 = f f Py i. S | d a7 Se A |I( i NOY ss Mh IVY SEF 7% wt PV WAY bean Dae SAY ak / INO yer : SSS | | Wy re Ga yr Ay ee SY if KIM) a We rT | \\' SLE J ‘ 
™ SSS ; / ba we / Ss i J) MT” Y > \ A\ ( A ~ | fh | // ie = ‘Sy =. N i neh ee (UES 4 \ [Vdd wer " 9, ” b \ 7 Yj Y j\ \ Wh / re MY \Nt a f f{%, AEN AE elle BYES ZN Co LY i Lome Sis V IV,| ff | oy f He DY a WEN SS ef i [ iS Ky ! x GH be Se? pi; : oS LE RL sh | leet Eo ea SON We fi Lhe I Kee ( Sy SS NR AY 3 (F oS — hie. — cee D SNe or) as EO 7 Ve A Wr FAV MOS NN rik GO re? aie YI DEER TONEY & AST BRIA \ al ip pps SWE i CP SE ena MS 4} CL ie a x CEE; Wey A SN LY ~ ' \ 07 a - 

ma MW dé AW ees BN) Aybi Y v pe 2 | P al oe ee 3 / x cu Neue | WN ’ OG ee) iv YY CO" MY 1 , \ | Ae ey me SNES OWE Fel (8 | SS WN, he 4 se se | . a - ~ a Zo jb p g 

= | . ‘ NG, rt; } eA wag EF } ¥ . Biv ¥ La Ss , i 4 Zt } 

aS, 4 i 1D Lubes self ff J se iY aL Ab y ey y V “i \ uae | Rye) sit} Se Pete | Lr wi , “Sai | | Fae aA 
Sek. / « \ \ i \ | C 

=a 
7 > OE 

ee —_ i 

Wisconsin Department of Natural Resources Technical Bulletin Number 156



TABLE 20. Diversity of macroinvertebrates sampled on plants, in midwater on multiple plates, and on the 
bottom. Data are pooled for all sampling stations and dates in 1977-82. 

Multiple 

Plate ___CEKman Dredges 
Parameter Plant Nets Samplers Inshore Stn. B Stn. C 

Sample mean + 1 SE 
No. taxa/sample 13.8 + 1.1 11.8 + 0.2 11.0 + 0.2 7.5 + 0.2 4.8 + 0.3 
SW diversity index (log?) 2.38+ 0.1 1.9 + 0.1 2.4 + 0.02 2.1 + 0.05 12+ 0.1 
Evenness (% ) 65 + 3 54 + 2 1+2 124+2 52+ 5 

Total of all samples 
No. samples 107 83 164 41 37 
No. taxa 55 41 48 21 13 

TABLE 21. Diversity of macroinvertebrates on macrophytes sampled in June and July 1980-82. 

Berchtold’s Bushy Curly-leaf Water | Water 
Parameter Pondweed Pondweed Pondweed _Stargrass Coontail Milfoil Chara Elodea 

Sample mean + 1SE 
No. taxa/sample 18.64+ 2.0 1554+85 15042. 1830425 128421 120446 120438 9.7+ 3.0 

SW diversity index 28+02 24404 27402 2.7+0.2 17+02 238+02 211+08 2040.2 
Evenness (%) 66 + 3 65 + 3 71+5 74+1 48 + 5 67 + 3 Ti +12 67 + 13 

Total of all samples 
No. samples 25 6 21 9 18 7 ill 10 
No. taxa 24 24 21 16 18 19 20 14 

Macroinvertebrates were usually 
more diverse on Berchtold’s pondweed 
(18.6 + 2.0 taxa/sample) than on other 60 
plant species (Table 21). Mean Shan- — 
non-Weaver diversity indices (2.3 + 4 MEAN N/3 ¢ 1 SE 
0.1) and number of taxa/sample (13.8 i 
+ 1.1) for all samples were not signifi- a 30 N) OTHERS 
cantly different, when tested with one- oy - PO HLUSKS 
way ANOVA. Mean evenness was ™ | fs] MOLLU 
about 65% for most samples, indicat- u =640 TOTAL SAMPLES 95 
ing that at least several taxa domi-— ‘f | 
nated the fauna. Chironomid larvae a 
and some larvae of caddisflies, damsel- i 30 
flies, dragonflies, mayflies, and biting Z | 4. \ 
midges comprised about 40% of the to- us NN \ 
tal catch on plants. Live snails ac- s NN 
counted for one-third of the fauna. The = 20 \\ 
remaining organisms were mostly © a 
naldid oligochaetes and amphipods. U a as NS \ 43 

Krecker (1939) found a similar domi- | < 4 . NN < if 
nance by chironomid larvae and naidid = N / ' iF ey 
oligochaetes on submerged macro- z <s Py | - ep 
phytes. Lk a ok a4 ey “3 rs re 

“ < a < = O = oa 

< oo 4 £ €£ je Oo w 
Food of Macroinvertebrates 5 O > r 7 > _ = 

Pe uu S U O 7 = 5 

< O O O O 
Over three-fourths of macroinverte- v) a UO a aT YY 

brates in the littoral region of Halver- a > Wn ‘ LL 
son Lake consume detritus and algae M4 x a = < 
(Table 22), based on literature reports. $ = O = 
Few species feed entirely on live plants = > 

or animals. Carnivores often ingest de- O oe 
tritus and carrion. Only some caddisfly oe 5 
and moth larvae in the lake pierce ca 

plant tissues for food. Most plant- | 

dwellers graze detritus, diatoms, and 

microbenthos on macrophytes. Few FIGURE 29. Total density of macroinvertebrates on plants harboring dif- 

predators, therefore, could be classified ferent macrophyte species. Data are pooled for June-August 1979-82. 4]



TABLE 22. Food habits of macroinvertebrates in Halverson Lake for 1977-82, as nivores. Energy and materials would 

reported in the literature. Data are percentage of organisms sharing each food otherwise be lost from the predator- 

category. prey food web. 
SSSSSS@@q@@QqQqQqQqQqQuQuQuQuQqQqQqrmroo emu Numerous feeding strategies have 

Midwater evolved among macroinvertebrates. 
. on Multiple Plant __ Bottom ____ Most macrobenthos in Halverson Lake 

Major Food  _—————~—~*‘~Pédttes’ ~———sdDeelllers Inshore __—Stn.B___—Stn. © were collectors and shredders (Ta- 
Detritus — 1 10 5 14 ] ble 24). Suspension- and filter-feeders 

Algae, detritus 78 76 83 66 7 and general food gatherers were 
Algae, macrophytes tr? 2 tr 0 0 grouped under collectors. They in- 
Live animals, carrion 5 8 6 18 31 eluded some chironomids (Chiro- 
Live animals, detritus 16 5 6 8 2 . e 
ee NO tr = less than 0.50%. nominae and Orthocladiinae), clams, 

annelids, and Ceraclea caddisfly larvae. 
Plant chewers and shoot miners were 
considered shredders. They included 
some chironomids, Leptocerus and 
Nectopsyche caddisfly larvae, moth lar- 

as strictly detrictivores, herbivores, or the diet. Mineral grains may have been vae, and snails. Baetis, Calltbaetis, and 
carnivores. accidentally swallowed or specifically Caenis mayfly larvae were scrapers of 

The food habits of insects in Halver- ingested to macerate diatom shells and attached algae and detritus. Snails var- 
son Lake were mainly drawn from chitinous exoskeletons. iously used scraping, collecting, and 
Hungerford (1948), Cummins (1973), Reliance on detritus ultimately shredding to ingest food. Collectors, 
Edmunds et al. (1976), Merritt and lengthens food chains by requiring a shredders, and scrapers were wide- 
Cummins (1984), and Brigham et al. decomposer step. Lindeman (1942) rec- spread and included most benthic spe- 

(1982). The diet of macroinvertebrates ognized the importance of detritus and cies. 
other than insects came from Edmond- placed bacterial decomposers at the _ Nine species of macroinvertebrates 

son (1959), Barnes (1974), and Pennak center of food cycle relationships in bog fed directly on macrophytes. These 
(1978). These reports were supple- lakes. Benthic macro-decomposers plant piercers bored into plant shoots 
mented by direct examination of the may be just as important in hard water and pumped out the plant tissues. 
foregut contents of many chironomid lakes. Settling of detritus in still water They were seldom abundant (Table 24) 
larvae, nematodes, and annelids from places a premium on benthic feeding. and included water boatmen (Sigara), 
Halverson Lake. Open-water feeding may be more im- hydrophilid caddisfly larvae, and lar- 

Plant-dwelling chrironomid larvae portant in streams, where detritus can vae of haliplid and hydrophilid beetles. 
mostly contained diatoms or detritus in remain longer in suspension (Cummins Carnivorous macroinvertebrates in- 
their gut, but Tanypodinae larvae in- 1974). cluded animal piercers and engulfers. 

gested cladocerans or ostracods with Senescing macrophytes were the Predation can be selective for size and 
detritus (Table 23). The detritus con- largest source of detritus in Halverson species of prey consumed (Cooper 

sisted of mineral grains and black par- Lake. The shared use of such an abun- 1983) and include stalking or active 
tially digested matter. Empty diatom dant resource diminished competition pursuit of prey. Twenty-two species 
shells, cladoceran carapaces, or mineral and permitted coexistence of many dif- were animal piercers and 39 species 
grains were frequently found in the ferent species. The macroinvertebrate were engulfers. Some leeches, most true 
hindgut of chironomid larvae. Slow di- community partly functioned to con- bugs (except Sigara), dytiscid beetle 
gestion or evacuation of these items vert dead organic matter into a form larvae, Chaoborus larvae, and water 
may have inflated their importance in more palatable to fishes and other car- mites were primarily animal piercers. 
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TABLE 23. Abundance and gut contents of non-biting midge larvae (Diptera: Chironomidae) found on 

macrophytes. 
ee eee EEE=—VTa[aeo 

Total No. (Frequency of Occurrence) 

Berchtold’s Curly-leaf 

Taxon Pondweed _ _Pondweed Coontail Major Gut Content 

Chironominae | 
Chironomus attenuatus 0 0 6 (1) Detritus 

Dicrotendipes modestus 5 (3) 1 (1) 0 Detritus 

Endochironomus nigricans 0 0 1 (1) Detritus, diatoms 

Glyptotendipes spp. 4 (3) 4 (3) 4 (2) Diatoms 

Lauterborniella varipennis 2 (2) 1 (1) 3 (1) Diatoms, detritus 

Parachironomus sp. 0 1 (1) 0 Detritus 

Polypedilum sp. 0 1 (1) 0 Diatoms 

Orthocladiinae 
Acricotopus 1 (1) 0 0 Diatoms 

Tanypodinae . 
Guttipelopia spp. 1 (1) 1 (1) 0 Ostracods 

Larsia sp. 0 1 (1) 1 (1) Detritus, cladocerans 

Procladwus spp. 2 (1) 3 (1) 1 (1) Cladocerans, detritus 

No. larvae (no. samples) 15 (4) 13 (4) 16 (4) — 

& The chironomid larvae were collected in plant nets at Stations 1 and 2 on June 1-9, 1980. , 

b The dominant item in each gut is listed first; detritus refers to mineral grains usually mixed with dark organic 

. matter. 

Most damselfly and dragonfly larvae, TABLE 24. Feeding strategies of macroinvertebrates in Halverson Lake for 

Oecetis caddisfly larvae, alderfly larvae 1977-82, as reported in the literature. Data are the percentage of 

(Stalis), whirligig beetles (Dineutus), organisms employing each feeding strategy. 
hydrophilid beetle larvae, and larvae of nn 

ceratopogonids and Tanypodinae Midwater 

chironomids were mainly engulfers. on Multiple =‘ Plant Bottom 

Chaoborus larvae could pierce or engulf Feeding Strategy Plates Dwellers Inshore Stn.B Stn. C 

prey, depending on size of prey. Detritus-algae feeding 

These feeding strategies are gener- Collecting 57 41 40 66 6 

alized functional responses. They are Shredding 15 42 AT 11 3 

labels for complex and highly evolved Scraping 7 3 1 0 0 

feeding behaviors. Underlying such Plant feeding = b 
feeding strategies are differences in size Macrophyte piercing tr | ir 0 0 

. : Animal feeding 
of prey ingested (Cummins 1973), spe- Piercing y 6 1 13 9] 

cialized mouth parts, and different be- Engulfin 17 7 12 11 2 

haviors (Merritt and Cummins 1984, a ’ tt and : ) 

Cooper 1983). They enable food and b Terms Adoptee Merritt and Cummins (1964). 

space to be more efficiently partitioned. 

FISH USE OF HABITAT 

AND FOOD The pelagic region in summer was common there in fall. Anglers only 

occupied by crappies of all sizes and by caught bluegills and crappies in winter. 

Distribution and Activity bass and bluegills above 179 mm Fish activity was best observed in 

(over age II). They were typically spring and early summer, when the 

caught just outside the macrophyte lake water was clear (Secchi disk 

The littoral region during summer beds during the day. Bluegills of 120- greater than 3.5 m). Activity was also 

supported a large concentration of 180 mm (ages I-III) were more com- assessed by comparing day and night 

fishes. The fishes, mostly bass and blue- mon in the littoral region than were catches from angling, beach seining, 

gills of ages 0-II, broadly overlapped in bass of this size range. They moved in- and electrofishing. Diel differences in 

distribution and partially segregated shore to feed and spawn. Crappies stomach fullness were clued to feeding 

by size. Those under 120 mm (ages 0-1) rarely moved inshore during the day activity, assuming a 50% reduction in 

occurred in vegetation near shore; and comprised less than 10% of electro- stomach content within 4-8 hours (Sea- 

larger ones dispersed more widely and fishing catches during summer. Crap- burg and Moyle 1964, Windell 1967). 

occurred offshore. Few fishes, however, pies, consequently, were less dependent Fishes were most active during the 

were observed in the ankle-deep water on littoral habitat in summer and re- day, partly because they relied on sight 

along shore. Fish fry (5-10 mm length) mained more spatially segregated from and could see better during the day 

first appeared in bass stomachs in early bass and bluegills. than at night. Bass and crappies exhib- 

June, but were difficult to see and net The fish community dispersed in ited a burst of feeding activity near 

during electrofishing and were rarely cooler months. Bass over 180 mm and dawn and dusk, when angling was most 

caught until fall. Some were observed crappies of all sizes were mostly elec- effective. Eighteen percent of bass 

among macrophytes, but others may trofished inshore during spring and fall. stomachs were empty in day catches, 

have moved offshore in June and July Crappies over 120 mm moved inshore compared with less than 10% of blue- 

(Beard 1982). in early spring; smaller ones were more gill and crappie stomachs. 43



gust, openings and channels progres- beds around dawn and dusk (Baumann 

Access to Macrophytes sively widened and the foliage became and Kitchell 1974), but become more 

less selective to fishes. Fishes then in- solitary, less active, and widely dis- 

Submerged macrophytes functioned creased in the diet of bass, suggesting persed at night (Stuntz 1975). Individ- 

as a screen to selectively restrict fish that macrophytes became less effective ual fish are a smaller target than a 

movements (Fig. 31). Plant beds ex- as sanctuaries for small fishes. school and, remaining motionless at 

ceeding 300 g/m (dry weight) were Plant harvesting and the invasion of night, can use their Jateral line system 

usually devoid of fishes, as were dense water stargrass altered the impact of to detect vibrations of an approaching 

canopies of sago pondweed. Monotypic the macrophyte community on fishes. predator. The protection avoided by 

stands of water stargrass and curly-leaf Plant harvesting, by suddenly remov- _ plant beds and the sensory capabilities 

pondweed, over 200 g/m%, were difficult ing surface foliage and channelizing the _ of fishes are often so effective that 

for fishes to penetrate. Such dense is- plant beds, temporarily destroyed the predators have difficulty finding fish 

lands of vegetation, contributing. plant community as a fish sanctuary prey. 

nearly 15% of all plant samples in and screen. Fishes used the new chan- 
June-August, acted as refuges for mac- nels as cruising lanes in search of fish . 
roinvertebrates escaping fish preda- fry. The spread of water stargrass, Annual Diet 
tion. Fishes under 120 mm (ages 0-1) however, had an opposite effect on 
readily penetrated the remaining plant fishes. Enormous beds of the plant after Fish stomachs were collected on 55 

beds. By distributing their foliage 1981 mostly restricted small fishes to days from August 1977 through Sep- 

throughout the water column, even looser surrounding vegetation. Because = tember 1982. Food data from succes- 

dense stands of Berchtold’s pondweed water stargrass grew densely into Sep- sive days were later combined to give 

appeared loose under water and al- tember and October, large fishes were 44 sampling dates. Four dates, occur- 

lowed small fishes access to the foliage. restricted from inshore areas for about _ring within a few days of plant harvest- 

Larger bass (over 180 mm and over two months longer than in the ing, were treated separately to avoid 

age IT) were uncommon in macrophyte preharvesting years. harvester effects on diet caused by wa- 

beds, until die-back of curly-leaf pond- Submerged macrophytes attract ter turbidity and habitat disturbances. 

weed created channels for them to multitudes of fishes in other lakes. Calculations for the six years, there- 

cruise in (Fig. 9). Other channels were Bluegills often congregate near vegeta- fore, were based on 40 sampling dates. 

formed by boats, muskrats, plant har- tion during the day (Keast et al. 1978, Stomachs were examined from 688 

vesting, runoff from shore, and senes- Werner et al. 1981). By so grouping, bass, 664 bluegills, and 176 crappies on 

cence of other plants. Bass 180-550 mm fishes can mutually watch for predators the 40 dates (Table 25). The popula- 

(ages IJ-IX) were electrofished in such and dart for cover when warned. Plants tion structure differed among the three 

channels. Cool spring water on the bot- both obstruct the field of view of fish pooled samples. Bluegills and crappies 

tom moderated summer water temper- predators and interfere with their pur- were similar in mean length and 

atures in parts of these channels. As suit of fry (Glass 1971). Bluegills often weight, but bass averaged 20-25% 

other pondweeds deteriorated in Au- move between open water and plant longer and 50-55% heavier than either 
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FIGURE 31. A macrophyte bed depicted as a “‘selective fish screen’”’ in midsummer. Berchtold’s pondweed, some 

44 curly-leaf pondweed, and basal shoots of coontail are diagrammed.



species. Nearly one-third of bass ex- TABLE 25. Size, condition factor, and age (mean + 95% CL) of 

ceeded 200 mm. Maximum length was fishes examined for stomach content on 40 dates in 1977-82. 
487 mm for bass, 307 mm for bluegills, equa —e——ooo 

and 289 mm for crappies. Bluegills had Parameter SSCs, ~——C—‘(C‘CSC~éS Negi, «3S CCrappic 

the highest mean condition factor. Length (mm) 146 + 6 110 +3 120 + 8 

Over 40% of bluegills had a condition welgnt 1B) ae) a + we ° + ; 03 rt + a 

factor above 2.0, compared to less than oncition \A7 ore an it _ 
2% of bass and crappies. Only 20% of sae (no. annuli) 1.4 iis” 1.8 xp 1.2 ae 

bass and bluegills exceeded age II, com- “0. '’~—.—-—--______ >> Ooo 

pared to 10% of crappies. 
The fish community selectively 

shared and partitioned food resources 

in Halverson Lake. Nearly all species among the fish community, resulting in fourth of items (Table 27). 

of microcrustaceans (cladocerans, co- a broad range of prey consumed and a The bluegill diet was more diversi- 

pepods, and ostracods) and about 70% multiplicity of energy pathways lead- fied. Insects were consumed by 89% of 

of macroinvertebrate taxa sampled ing to secondary production by fishes. bluegills with food, but contributed 

during the six years became prey. Only Bass principally ate chironomids, one-fourth of all items (Table 26). 

20 taxa were regularly eaten by all fish odonates, mayflies, fishes, and Chironomid larvae contributed 18% of 

species. They included chironomid lar- cladocerans (Table 26). Insects com- all items; mayfly, caddisfly, and 

vae, cladocerans, copepods, and fish prised one-half of all items and ap- odonate larvae each accounted for less 

fry. These foods were segregated more peared in 60% of stomachs with food. than 5% of the diet. Both bass and 

by predator size than by species. Other Chironomid larva and pupae ac- _ bluegillsate twice as many damselfly as 

prey were less commonly shared and counted for nearly one-third of both dragonfly larvae, but bluegills ate few 

became selectively vulnerable to a par- stomachs and items. Odonates and winged adults. One-half of bluegills 

ticular fish species. Thus, snails were mayflies each appeared in about one- consumed microcrustaceans, but these 

primarily consumed by larger bluegills, fourth of stomachs with food, but con- accounted for nearly three-fourths of 

Chaoborus larvae were mainly eaten by tributed less than 10% of allitems. Nu- all items. Daphnia, Leptodora, and 

crappies, and insects on the water sur- merous winged odonates and other fly- Simocephalus were the main crus- 

face were preferred by bass. Plant mat- ing insects suggest surface feeding. taceans eaten. Bluegills supplemented 

ter was ingested chiefly by bluegills, al- Age 0 fishes appeared in one-third of their diet with bryozoans, snails, water 

though trace amounts appeared stomachs but comprised less than 10% mites, and vegetation. 

frequently in bass stomachs. Most food of items. Daphnia were eaten by 4% of Crappies mainly ate zooplankton 

resources, therefore, were partitioned bass with food and accounted for one- (Table 27), including Daphnia (67% of 

TABLE 26. Percent occurrence (%FO) and relative abundance (%No.) of major prey in fish stomachs for 40 

dates in 1977-82. 
ees 

__ Bass ____ Bluegill ____Crappie___ 

Food Category@ %FO (% No.) %FO (%No.) % FO (% No.) 

Crustacea 11 (34) 51 (73) 86 (93) 

Amphipoda 6 (1) 22 (1) 18 (tr) | 

Cladocera 7 (30) 37 (71) 74 (78) 

Copepoda 3 (3) 1] (2) 49 (13) 

Ostracoda 1 (tr) 16 | (tr) 31 (1) 

Acari trb (tr) 11 (tr) 6 (tr) 

Mollusca 2 (tr) 18 (tr) 1 (tr) 

Gastropoda 2 (tr) 16 (tr) 1 (tr) 

Gyraulus 0 (0) 6 (tr) tr (tr) 

Physella 1 (tr) q (tr) tr (tr) 

Insecta 60 (55) 89 (23) 88 (7) 

Ephemeroptera 21 (8) 39 (1) 23 (tr) 

Caents 7 (2) 34 (1) 15 (tr) 

Callibaetis 15 (6) 8 (tr) 5 (tr) 

Odonata 25 (5) 23 (tr) 6 (tr) 

Anisoptera q (3) 9 (tr) yA (tr) 

Zygoptera 12 (2) 16 (tr) 4 (tr) 

Hemiptera 13 (4) 5 (tr) 5 (tr) . 

Sigara 5 (1) 1 (tr) 4 (tr) 

Trichoptera 3 (2) 36 (2) 13 (tr) 

Leptocerus 1 (1) 16 (1) 10 (tr) 

Nectopsyche 2 (tr) 14 (tr) 2 (tr) 

Oecetis 1 (tr) 10 (tr) 2 (tr) 

Coleoptera 3 (1) 12 (tr) 2 (tr) 

Diptera 33 (35) 83 (19) 86 (7) 

Ceratopogonidae 3 (1) 27 (1) 23 (tr) 

Chaoboridae 3 (1) 9 (tr) 51 (3) | 

Chironomidae 29 (31) 80 (18) 713 (3) 

Fish eggs, flesh, scales 37 (8) 3 (1) 12 (tr) 

Plant matter 17 (—) 21 (—) 6 (—) 

No. fish sampled (prey x 103) 688 (7) 664 (128) 176 (129) 

Percent stomachs with food 82 95 93 

4 Only prey consumed by at least 5% of any fish species was included in this table. 

b tr = less than 0.5% occurrence or number. 49



stomachs with food), Mesocyclops TABLE 27. Percent occurrence (%FO) and relative abundance (% No.) of 
(46%), and Leptodora (18%). Micro- cladocerans and copepods eaten by fishes on 40 dates in 1977-82. _ 
crustaceans comprised 90% of all items SaaS —— SSE 

(Table 26). Insects, chiefly dipteran ___ Bass ss ___Bluegill = ____ Crappie __ 
larvae, occurred in 88% of stomachs Food Category? ss %/ FO (%No.) %FO  (%No.)  — %FO__ (% No.) 
with food, but accounted for only 7% Cladocera 
of all items. The crappie diet, conse- Bosmina trb (tr) 1 (tr) 3 (1) 
quently, was more specialized for zoo- Chadorae . tn 3 ‘te é “4 

piankton feeding than that of bass and Daphnia A (25) o7 (70) 67 (73) 

SIs. Eurycercus 1 (tr) 2 (tr) tr (tr) 
Bass stomachs averaged 10 prey, Leptodora 1 (1) q (3) 18 (3) 

compared with 192 for bluegills and Pleuroxic 0 (0) 1 (tr) 1 (tr) 
730 for crappies (Table 28). Bass ate Simocephalus 3 (3) 8 (1) 5 (tr) 
one-tenth as many insects as bluegills Copepoda | 
or crappies. Their stomachs were emp- Diacyclops tr (tr) tr (tr) 7 (1) 

- tier and they appeared to have fed ear- Eucyclops tr (tr) 1 (tr) 1 (tr) 
lier in the morning. : Mesocyclops 3 (2) tr (tr) 46 (11) 

Relative importance values re- __Skistodiaptomus 0 (0) Sd (tr) 
vealed considerable overlap in diet be- a Alona, Diaphanosoma, and Macrocyclops were consumed in trace amounts by a few 

tween bass and bluegills (Table 29). In- Boas ate aes 
. . r = less than 0.5% occurrence or number. 

sects, especially chironomid larvae, 
were almost equally important in bass 
and bluegill stomachs, but much less 

mporiant 1 times as inpoctant in TABLE 28. im ajor Brey consumed per 10 fish stomachs on 40 dates in 1977-82 

crappie as bass stomachs and 1.5 times (mean number + ). 
that in bluegill stomachs. Chaoborus Food Category Bass Bluegill Crappie 

larvae were mainly important to crap- Crustacea 34 + 11 1400 + 190 6790 + 1280 
pies. Bass and bluegills were mainly in- Amphipoda 140.4 12 +2 5 +1 
sectivores feeding additionally on zoo- Cladocera 30 +11 1365 + 183 5674 + 1280 
plankton or fish fry, whereas crappies Copepoda 342 383 +11 962 + 211 

were predominantly zoopianktivores Ostracoda tra 8+1 . 67 + 12 
consuming some benthic insects. Acari tr 2+ 0.4 1 + 0.2 

Mollusca tr 8 +1 tr 

Gastropoda | tr T+1 tr 
Gyraulus 0 2+ 0.5 0 

Physella tr 3 + 0.8 tr 
Insecta 56 + 8 446 + 30 502 + 83 

Seasonal Changes in Diet Ephemeroptera Bil 26 +38 8 +5 
Caents — 2+ 0.6 24 +3 7 +65 

Callibaetis 64+1 1+ 0.3 1 + 0.2 

Bass usually ate a greater food vol- Odonata 5 + 0.5 9 +1 1+0.2 
ume in spring or fall; bluegills con- Anisoptera 3 + 0.4 3 + 0.6 tr 

: Zygoptera 2+ 0.3 6+1 1 + 0.2 
sumed more prey in summer (Figs. 32 Hemivt 4 

. . ptera + 0.8 1 + 0.2 1 + 0.3 
and 33). Chironomids comprised the Sigara 1402 tr 1+ 0.2 
bulk of all fish diets in spring. They ac- Trichoptera 241 31 +6 340.8 
counted for one-third of bass and crap- Leptocerus 1+1 16 +6 2+0.8 
pie diets and 40-60% of the bluegill Nectopsyche tr 9+2 tr 
diet. Bluegills in early summer grazed Oecetrs tr 5 +1 tr 
chironomid larvae and Daphnia and Coleoptera 1 +04 4+1 1 + 0.5 
then switched to a variety of littoral Diptera 36 + 8 374 + 29 479 + 83 
prey. Their diet overlapped that of Ceratopogonidae 1 + 01 lore it2 
small bass resident among macro- Chaoboridae 1 + 0.4 ate 225 + 43 

. Chironomidae 3148 351 + 30 225 + 71 

phytes. Food consumption by bass Fish eggs, flesh, scales 8 +1 21 + 21 240.7 
cropped m oa Ot most year: sue" Total no. 101 + 26 1922 + 485 7303 + 2837 
gesting that bass then had difficulty ake NE enna wa an at, as ~ 
foraging inshore. Their mean food vol- * tr = 0.5 mean prey per stomach. 
ume increased 1.5 times after July, as 
they consumed more fish fry. The diets 
of all species usually declined after Sep- 
tember. 

Daphnia were heavily grazed by Fish Size and Diet fed predominantly in midwater 
crappies and bluegills. Bluegills over throughout life, but turned increas- 
50 mm turned in June to feed on litto- ingly to benthos with age. 
ral macrobenthos, while smaller ones Access to macrophyte beds and fluc- Small bass and bluegills were 

and crappies continued to consume pe- tuations in zooplankton altered food mainly insectivores; crappies remained 

lagic zooplankton. Crappie stomachs in relationships among fishes. Small bass zooplanktivores until they reached 

June contained a mean of 1,800 + 650 and bluegills (38-119 mm) mainly con- about 200 mm (Fig. 34). Few micro- 

Daphnia, almost 4 times the mean sumed prey in midwater or on the bot- crustaceans were eaten by bass over 

number consumed in April. Crappies tom and plants (Table 30). Larger bass 80 mm. Insects and fishes were both im- 

shifted to eating Chaoborus larvae after consumed more prey from the water portant to medium (120-179 mm) bass, 

June, as the number of Daphnia dwin- surface, whereas larger bluegills fed al- but fishes outnumbered insects when 

46 ~— dled in the lake (Fig. 45). most exclusively in midwater. Crappies bass exceeded 240 mm. Bluegills ate



TABLE 29. Relative importance values (mean + 1 SE) of major prey consumed by fishes per sampling date in 

1977-82. Percent of dates when prey were consumed 1s in parentheses. 

Food Category Bass Bluegill Crappie 

Crustacea 14+2 (80) 37 +4 (95) 51 +4 (94) 

Amphipoda 2+0.5 #£(50) 5 +05 (80) 3+0.8 (35) 

Cladocera 7 +2 (48) 24 +3 (95) 30 +3 (94) 

Copepoda 2+0.7 (32) 3+0.6 # (60) 15 +3 (61) 

Ostracoda tra (12) 3+0.6 (65) 7 +1 (58) | 

Acari tr ( 8) 3+0.6 (58) 2+ 0.8 (26) 

Mollusca 1+0.3 £(20) 4+0.6 (68) tr ( 3) 

Gastropoda tr (18) 4+0.6 #£(65) | tr (tr) 

Gyraulus 0 ( 0) 1+0.3 #&£(42) tr (tr) 

Physella 1+0.4 #£«(12) | 2+0.6 #£(48) tr (tr) 

Insecta 63 + 3 (100) 56 + 3 (98) 38 +3 (75) 

Ephemeroptera 15 +2 (98) 9+0.9 (88) 7 +1 (68) 

Caenis 3+0.8 (42) 8+1 (85) 6+1 (58) 

Callibaetes 11 +2 (85) 2+0.4 (55) 1 + 0.3 (13) 

Odonata 15 +1 (95) , 7+0.7 (82) 1 + 0.6 (23) 

Anisoptera 8 +1 (78) 2+04 °&£4(52) 1 + 0.6 (10) 

Zygoptera 74+1 (70) 4+0.7 (42) tr (13) 

Hemiptera 7 +1 (88) 1+0.2 #£4(48) 384+1 (26) 

Sigara 3+0.7 (50) tr (20) 2+1 (23) 

Trichoptera 1+0.4 #&4«2(32) 8+0.8 (90) 3 + 0.9 (26) 

Leptocerus tr ( 8) 3 +06 #(62) 2+ 0.7 (19) 

«  Nectopsyche 1+0.3 °&£«(18) 3+0.6 # (52) 1+ 0.5 (10) 

Oecetis tr ( 2) 2+04 °&£4(45) 1+ 0.5 (13) 

Coleoptera 2+0.8 # (382) 3+06 (62) 1 + 0.5 (138) 

Diptera 7 21 +3 (95) 28 +2. (98) 32 +2 (94) 

Ceratopogonidae 2+05 #£(25) 5 +06 (82) 641 (45) 

Chaoboridae 4+2 (28) 3+0.8 (52) 138 +2 (77) 

Chironomidae 19 +3 (90) 26 +2 (98) 19 +2 (90) 

Fish eggs, flesh, scales 21 +3 (95) tr ( 5) 2+ 0.9 (32) 

Plant matter — (75) — (68) — (23) 

No. sampling dates 40 40 jl 

&@ tr = less than 0.5 relative importance value or percent of dates with prey. | | 

TABLE 30. Relative frequency of habitats used for feeding by 
fishes during mid-May through August 1977-79, based on 

progressively more microcrustaceans prey habitat preferences. 
until about 180 mm, when they mainly ooo ww ooaoarawmrrr—_8c Se 

ate insects. Microcrustaceans, there- Prey Habitat______Bass__Bluegill_ Crappie 

fore, were chiefly important to small F se unr or plants 36 Bo ° 

bass, medium bluegills, and most crap- Midwater 63 18 98 

pies. Water surface 1 tra 0 
Specific prey shifted in importance Fish 120-179 mm 

as fishes became larger (Table 31). Bottom or plants 56 5 2 

Chironomid larvae became less impor- Midwater 33 95 97 

tant to bass and bluegills, but more 1m- Water surface 12 tr tr 

portant to larger crappies. Medium Fish over 180 mm 

bass took larger insects, such as odon- Bottom or plants 44 6 17 

ates, true bugs, and mayfly larvae. Midwater 38 34 83 
Bluegills switched to Daphnia and __Watersurface 18 
eventually Chaoborus larvae with size. 4 tr = less than 0.5% fish using habitat. 

Crappies progressed to larger zoo- 
plankton species (Table 32). Daphma 

remained important to all crappies, but 

small fish concentrated on Bosmina and Smaller fishes had a more varied diet The diets of small bass and bluegills 

Mesocyclops, while large crappies than larger ones (Table 34). Small overlapped by 70% (Table 36). They 

grazed Leptodora, Chaoborus, and bluegills and crappies ate about twice both occupied the littoral region and 

chironomids. Over 80% of foods were aS many taxa as large ones, but little fed on Daphnia (87% bass, 42% blue- 

under 2 mm in small crappies, but over change was noted in bass. Small blue- __ gills) and chironomids (20% bass, 41% 

5 mm in large ones. Electivity indices gills ingested over 50 taxa, more than bluegills). The diets of medium blue- 

suggested nonselective feeding by small twice that of bass and crappies. They gills and crappies overlapped by 90%, 

crappies, but avoidance of prey under ate fewer prey contributing at least 5% as both species shared Daphnia (90% 

1 mm by large ones (Table 33). They of the diet. Shannon-Weaver diversity bluegills, 84% crappies) and Leptodora 

also appeared to select against cyclo- indices, consequently, were lower for (8% bluegills, 9% crappies). Interspe- 

poid copepodids of 1-2 mm, but these bluegills than for bass and crappies cific competition may have intensified 

swift prey can sense fish movements (Table 35). Bluegills evidently “‘sam- in July when Daphnia collapsed, forc- 

and evade attack (Drenner et al. 1978). pled’”’ many kinds of food, but concen- _ing bluegills inshore to consume other 

By segregating zooplankton prey by trated on eating a smaller variety of | prey. The diets ultimately diverged, 

size, coinhabiting crappies couldreduce prey. Bass fed more evenly over the __ since the food of all large fishes over- 

intraspecific competition. food spectrum. lapped by one-fourth or less. 4]
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TABLE 31. Relative abundance of prey consumed by at least 5% of fishes of three sizes in mid-May through 
August 1977-79. 

_ Bass (i C*Buegll Crappie 
Food Category Small Medium Large Small Medium Large Small Medium Large 

Crustacea 21 3 7 18 45 28 79 86 37 
Amphipoda 3 0 0 1 1 tr 1 tr 6 
Cladocera 16 2 4 12 44 27 32 39 23 
Copepoda 1 tr 3 1 tr tr 35 45 6 

Ostracoda tra 1 0 3 tr 1 16 1 2 
Acari 1 1 0 1 tr 9 0 0 tr 
Gastropoda 0 1 0 2 3 12 0 0 tr 

Insecta 65 59 46 79 49 56 11 20 55 
Ephemeroptera 12 18 7 6 4 4 1 tr 1 

Caenis 4 6 5 6 4 2 tr tr 1 
Callibaetis 7 10 1 tr 1 tr 1 tr tr 

Odonata 11 21 13 y 4 4 tr tr 0 
Anisoptera 3 17 8 tr 2 2 tr 0 0 

Zygoptera 5 4 3 1 1 2 tr tr 0 

Hemiptera 3 13 7 tr tr tr tr tr 0 

Gerris 0 9 6 tr 0 0 0 0 0 
Trichoptera 0 tr 4 3 3 1 tr tr tr 
Coleoptera tr 0 tr 2 4 tr 0 tr 1 

Diptera 37 11 15 67 3D 46 10 20 52 

Chaoboridae 7 1 3 1 1 14 8 3 tr 
Chironomidae 26 10 11 62 32 30 2 14 51 

Fish (flesh, scales) 14 35 43 tr 0 2, tr tr 0 

2 tr = less than 0.5% of total items consumed. 

TABLE 33. Electivity indices (mean + 1 SE) of microcrustaceans 

TABLE 32. Relative abundance of prey comprising at sO? 79 d by crappies on 8 dates from mid-May through August 

August 1977-79, grouped by size class of prey. Crustacea Fish Length (mm) 

SS sSSSeewewwses scl V—Uw_e'7—— Size(mm) Taxon Under 120 120-179 Over 179 
Food Category , : 

Partial avoidance 
Size ___Hish Length (mm) ___ Under 1  Chydorus 0.5 +04 -1.0 +40 -1.0 +0 

_(mm) Taxon ____—Unnder 120__120-179 Over 179 Bosmina 0.1403 -08 +02 -08 + 0.2 
Under 1 Bosmina 33 tra 0 Cypria -0.2+03 -0.94+002 £-0.9 + 0.1 

Cypria 8 1 tr 1-2 Mesocyclops 0.01 +02 -0.8 + 0.1 -1.0 +0 
1-2 Eucyclops 5 0 0 Diacyclops 0.44+04 -0.5 + 0.3 -10 +0 

Mesocyclops 21 1 0 No selection 
Daphnia 21 84 21 Eucyclops 0.4+02 -0.2 + 0.2 -0.2 + 0.2 

5-10 Chaoborus 2 1 7 Skistodiaptomus 0.2 + 0.2 0.2 + 0.2 -0.2 + 0.2 
Leptodora 6 9 59 Daphnia -0.3 + 0.2 0.3 + 0.1 -0.4 + 0.2 

Over 10  Chironomidae 1 1 16 Simocephalus -0.2 + 0.2 0.2 + 0.2 -0.4 + 0.2 
& tr = less than 0.5% of diet. 5-10 Lepiodora 0.4 + 0.2 0.2 + 0.5 0.2 + 0.4 

No. stomachs examined 16 12 7 

TABLE 35. Shannon-Weaver diversity 
TABLE 34. Number of total taxa and taxa contributing at index (logg) of all taxa consumed by 
least 5% of prey consumed by fishes of three sizes from mid- fishes of three size ranges from mid- 

Fish Length ———Bass__.- __Bluegill = __Crappie__ : Fish Length 
(mm) Total o% Total 5% Total 5% (mm) Bass __ Bluegill Crappie 

Under 120 23 3 53 2 21 6 Under 120 3.1 2.0 2.6 
120-179 23 4 38 3 18 2 120-179 2.5 1.1 1.0 
Over 179 20 5 23 1 12 4 Over 179 2.9 0.7 1.8 

90



00 Macrophytes as Food 

° : * BASS 
= = Nearly 20% of all bass and bluegill 
Q = | stomachs contained vegetation (Ta- 

75 Lo [2 / ble 26). They held plants on about 75% 
Lo 2 ‘i =e | of all sampling dates. Plants appeared 

Lene | \ | z / \= | 4-5 times as often in stomachs of large 
| VE \ . fishes as those of small ones (Table 37). 

90 | “i L7| 5 O | Only 6% of crappie stomachs, on 15% 
yoni 4 jim of sampling dates, had plant matter. 
N Zi ‘ / [\ | This reflected a greater use of zoo- 

25 °...,.| = \ J iN! | \J Bo plankton in the pelagic region. 
1%, = rel | Oo” | The percent occurrence of plant 

“, : : | i matter seasonally increased for bass 
y / hm, 2 | z . and bluegills, from 4-6% in April to 28- 

0 ey OE anne ee |, a 32% in September (Fig. 35). Crappie 
J a = | stomachs only held plants in May and 

< | z = c BLUEGILL August. — 
= o b = = i Bass and crappies ingested traces of 

75 | \ f IX, 2 = 4 vegetation. Bluegills consumed 20% by 
9° LE = ff volume of their diet in plants during 

= | NE = | ~ \ | = | MEAN + 95% CL uy and angst some pest 
‘ E Os | 9 5 stomacns contained only vegetation; 

50 | a be IX i ~ Nebors 40% had over one-tenth of their food 
LL e508 *, ‘i on! volume in plants. 
Oo a | a “ft @asee0@ Ji CRUSTACEANS Bluegills mostly ingested leaves and 
or f ie fi young stems. Flowers, older stems, and 
m 25 ' ee | = 4 roots were not found in stomachs. 
= men 4 ae = 2 4 Berchtold’s pondweed, elodea, and wa- 
2 : Tf ‘2 = | ter stargrass appeared most often. Vas- 
os :  g Sy | cular plants occurred 5 times as often in 

O ; ti t stomachs as did filamentous algae. 
% le t. | zs Some stomachs in July had masses of 
~ sf LE ‘ee = CRAPPIE fresh green leaves, suggesting inten- 

wl | = E = tional browsing on macrophytes. Many 

0S | = t stomachs in September contained plant 
= : aN parts and mineral detritus, reflecting 
= 1 A \ accidental ingestion while grazing on 
= | =| oN benthic macroinvertebrates. 

90 = er Over two dozen studies list vegeta- 
= ill’ | ‘|| tion in the bluegill diet (Table 38). 
= i et L Mean percent volume was typically 20- 

25 = jog “I 30%, but ranged from 0% to 86%. 
= ! | | Bluegills in these studies ingested 

I | S H = bushy pondweed, chara, coontail, 
/| iat wo: duckweeds (Lemna, Spirodella, and 

0 of | a7 | = Wolffia), filamentous algae, hydrilla 
(Hydrilla verticallata Royle), pond- 

O 60 120 I6O 240 300 weeds, unidentified seeds, water hya- 
FISH LENGTH (mm) cinth (Hichornia crassipes (Mart.)), 

and wild celery. Fishes were usually 

FIGURE 34. Consumption of microcrustaceans (cladocerans, cope- : Over age 0, with mepsiion “i veeetaeon 
pods, and ostracods), insects, and fry by size of predator during (Bennett in | vr B nett 1 48 
mid-May through August 1977-79. (Bennett et al. 1940, Bennett 1948, 

Doxtater 1964, Applegate et al. 1966). 

TABLE 36. Percent overlap (Schoener 1970) of prey TABLE 37. Percent occurrence of plant matter ingested 
consumed by fishes of three sizes from mid-May through by fishes of three sizes on 44 dates in 1977-82. 
August 1977-79. ooo 

—=—$$$_[—>—[[_[===—=—[[[—[—[————————————————————— Fish Length 

Fish Length Bass- Bass- Bluegill- (mm) Bass Bluegill Crappie 
(mm) Bluegill Crappie Crappie Under 120 q 10 4 

Under 120 70 29 28 120-179 13 36 5 

120-179 24 27 90 Over 179 34 41 20 
Over 179 11 25 25 No. fish 731 751 195 

a1



TABLE 38. Plant matter reported in bluegill stomachs (mostly above age 0) in summer (mean percent volume and percent 
occurrence ). 

Volume Occurrence Study Site Reference 

3 — Lake Opinicon, Ontario Keast (1978) 

4 15 Unspecified waters, AL Howell et al. (1941) 
10 — Lake Pepin, WI Pearse (1921a) 
— 10 Tuckahoe Creek, VA Flemer and Woolcott (1966) 
21 24 Halverson Lake, WI Engel (present study) 

0-23 — Bull Shoals Reserv., AR-MO Applegate et al. (1966) 

23 — Green Lake, WI Pearse (19210) 

25 — Unspecified lakes, WI O’Donnell (1940) 

27 34 Buckeye Lake, OH Morgan (1951) 
0-28 0-23,50 Lake George, FL Huish (1957), Chable (1947 in Huish) 

30,34 — Muskellunge Lake, WI Couey (1935) 

35 — Wyland Lake, IN Gerking (1962) 

26,36 — Third Sister Lake, MI Ball (1948) 

0-39 0-61 Action Lake, OH Doxtater (1964) 
50 100 Douglas Lake, MI Reighard (1913) 

40,52 27, >50 Reelfoot Lake, TN Rice (1941), McCormick (1940) 
0-53 — Winona Lake, IN Parks (1949) 

0-55 22-29 Fork Lake, IL | Bennett et al. (1940), Bennett (1948) 

7-64 — Maple Lake, MN Seaburg and Moyle (1964) 

tr-78 — Grove Lake, MN Seaburg and Moyle (1964) 
45-79 — Linwood Lake, MN Lux and Smith (1960) 

0-9,86 —_~ Lake Mendota and Yahara R., WI Pearse (1918, 1921b) 

— 17-78 First and Second Sister Lakes, MI Sadzikowski and Wallace (1976) 
— 83 Lake Geneva, WI Nelson and Hasler (1942) 

50 3 SEES as OF 

° = MACROPHYTE MEAN + 95% CL = GROWTH 
Most vegetation was consumed in 40 O =m 0 BASS : 
June, July, or August (Ball 1948, Parks so 
1949, Lux and Smith 1960, Seaburg E Ommmn © BLUEGILL i. 
and Moyle 1964). The frequent cita- < Vewnn-Y CRAPPIE si 
tion of such a variety of plants, usually a oS e 
comprising over 20% by volume of the x 30 ms mS | | 
diet in summer, suggests that vegeta- 5 a os Oo 

. . . at uP @\* 
tion can be a major food of bluegills. n oe | | Sy ia | \ | 

Failure to report vegetation in the aa 3 | ® | Jo? ) 
bluegill diet may reflect a dearth of = 20 ne a | LG o ‘ 
plants in the lakes (Couey 1935), the 3S oS | Bale ‘ 
young age of fish sampled (Werner FS s | of ls m ‘| 
1969), or abundance of more preferred 30 oO ™ mop ee | of MN: e | 
macroinvertebrate prey (Howell et al. lO | ne : “Of aN 0 

1941). Some investigators noted con- ole | / ay | | 
siderable plant matter in the diet of | Fol" i ‘ / oN 
bluegills, but failed to list it as a food Ry ss ‘. aN 
(Roszman 1935, Etnier 1971). O-+-—v + + ___— vssssqassey———__+__vasaneaee gy 

Some researchers have concluded A M J J A S O-N 
that bluegills intentionally ingest plant 
matter (Forbes and Richardson 1920, 

Bennett et al. 1940, Ball 1948, Luxand = FIGURE 35. Mean percent occurrence by month of plant matter in 
Smith 1960, Gerking 1962, Seaburg _fish stomachs, based on 44 sampling dates in 1977-82. 
and Moyle 1964). Consumption of | 

plants and insect larvae can be in- 
versely proportional, suggesting that 
plants are an animal food substitute 
(Ball 1948, Parks 1949, Morgan 1951, of cellulose enzymes in the gut (Cowey in spring and depletion of Daphnia in 
Huish 1957). This may occur when and Sargent 1979). Bluegills grew best early summer dwindled animal food re- 
crowding of bluegills leads to depletion in aquaria when their diet of mealworm sources. Appearance of multitudes of 
of preferred animal foods (Howell et al. larvae (Tenebrio) and earthworms fry inshore in midsummer, some just 
1941). Bluegills may ingest plant mat- (Lumbricus) was supplemented with hatching and others returning from off- 
ter as “‘stuffing”’ (Bennett et al. 1940) dried chara (Kitchell and Windell shore, may have further taxed prey re- 

or “‘roughage”’ (Gerking 1962) to help 1970). sources. Switching of larger bluegills to 
masticate exoskeletons. Browsing on macrophytes in Hal- plants may serve to reduce intraspecific 

Bluegills may derive nourishment verson Lake may have been necessary competition with minimal habitat seg- 
5? from plant matter, despite the absence when emergence of chironomid larvae regation.



Age and Growth 

Most fishes resumed growth after TABLE 39. Changes in mean length with age, measured at the time of capture, 

mid-May. New annuli appeared on for fishes randomly selected from electrofishing catches in August or October 
scales as early as April 24, but less than 1977-82. | 
3% of fishes displayed a new annulus —eee——meloooeeeoeeoooEoEeEoESaaaaSaaQQQQQQQQQRQ—laaae=aeaa=Ss=aeaeauaauaoauanDuouoaoaooo 

by May 15. Annuli were typically com- Total Length (mm) by Age Grou 

pleted during May 20-27, in agreement Parameter OCT CO CE CV CCU 
with numerous studies of these species Bass 
for waters at 42° N latitude (Sprugel Mean 88 173 223 258 281 292 449 
1953, Carlander 1977). + 95% CL 3 4 5 9 17 8 35 

Fish and macrophyte growth coin- No. 159 102 66 37 19 11 11 
cided. Fishes grew fastest in June, com- Bluegill 
pleting two-thirds of their annual Mean CL — ° 86 ae ni ND a 
growth by mid-July. Growth then + 95% — 
slowed and was not appreciable after No. _ 192 146 m 33 i 3 
mid-September. Crappie 

Fishes grew most rapidly during the Mean 78 142 212 239 202 266 _ 
first two summers of life. Bass reached = 95% CL LE > “ i ’ “ 7 
173 + 4mm (mean + 95% CL) at the ee 
end of their second year (age I). They Based on measurements of unpreserved, unmarked fishes. 

were then twice the mean length of 
bluegills and one-fifth that of crappies 
of age I (Table 39). These bass aver- | 

aged 5 times the weight of bluegills and 
nearly twice that of crappies (Ta- ; ; , 
ble 40). ppies ( TABLE 40. Changes in mean fresh weight of fishes randomly selected from 

Growth slowed for bluegills and electrofishing catches in August or October 1977-82. 

crappies after their third summer Body Weight (g) by Age Group 
(age IT), with few fishes captured over Parameter 0 I II Ill Iv = V SV 
300 mm or age V (Fig. 36). Bass grew Rass SST 
slower after their second summer, with Mean 9 70 149 OA? 311 396 1629 
few older ones caught inshore until 0 h + 95% CL 1 5 12 30 65 28 519 
macrop lytes decayed. Older fishes No. 153 102 66 37 19 11 10 
often resided in water too deep for elec- Bluegill 
trofishing, judging from angling. Mean _ 14 50 8A 131 178 252 

Bass grew slower, bluegills about + 95% CL _ 1 3 G 14 31 115 
average, and crappies faster in Halver- No. _— 190 146 17 33 11 3 

son Lake than in 10 studies of 300 wa- Crappie 
ters from Iowa, Michigan, Minnesota, Mean | 6 39 134 927 268 270 _ 
and Wisconsin (Fig. 37). Bluegill + 95% CL 2 4 77 13 0 24 — 
growth varied among waters, but bass No. 42 53 3 2 1 3 — 

grew slower in waters of dense vegeta- 
tion, suggesting difficulty in gaining ac- 
cess to forage fishes. Bluegill growth in 
Halverson Lake was similar to that in 
many lakes outside the Midwest (Serns 
and Strawn 1975, Carlander 1977). 

< 300 300 600 

ws 250 250 LE 500 cn 

ae a iy on fo 

m of 7 Y eer “£ < 150 di 150 fi 300 KE er 1983 
x , St | oY te 4 g ae e——s OCT 1981 

() y ‘i = o——0 OCT 1980 
=z 100 ‘4 \00v" 200 Se Onn OCT 1979 

ud ff ) ge @---e AUG 1978 

< 501 g/ ~~ BLUEGILLS 50 BLACK CRAPPIES cof’ LARGEMOUTH BASS 

0 0 0 
Oo | WW Ud Ww eV vt viovu Oo Fr WoW weve oO t Tf Uh veovooVt Vib vit Ix 

AGE AT CAPTURE 

FIGURE 36. Mean length of fishes by scale age for August or October of each sampling year. o3
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FIGURE 37. Mean length by age of fishes from Halverson Lake and waters in Wisconsin and neighboring states. 

These are identified by number as 1 (Beckman 1946: 175 Michigan lakes); 2 (Bennett 1937: A-18 lakes and B- 

Yahara River chain, southern Wisconsin); 3 (Churchill 1976: Lake Wingra, southern Wisconsin in 1972-74); 4 

(Eddy and Carlander 1942: 79 Minnesota lakes); 5 (Kmiotek and Cline 1952: 13 southern Wisconsin lakes); 6 

(Mackenthun 1946: 17 southern Wisconsin lakes); 7 (Mayhew 1956: West Okoboji Lake, Iowa); 8 (Parker 1958: 

Flora Lake, northern Wisconsin): 9 (Schloemer 1939: Lake Wingra in 1936); and 10 (Snow 1969: M urphy Flowage, 

northern Wisconsin). 

Length- Weight Relations (Fig. 40). An increase with age was also tion size of bluegills varied between 

suggested for crappies, but low sample years both before and during years of 

sizes of older fish precluded further plant harvesting. Centrarchid popula- 

The relationship of length to weight comparisons. Drop in mean condition tions are often unstable in the same ba- 

in fish populations was curvilinear, un- factor of bluegills after July partly re- sin (Regier 1963) and usually cannot be 

til transformed by common logarithms sulted from catching a higher propor- simply related to changes in other bi- 

(Fig. 38). Fishes grew faster in weight tion of age 0 fishes. otic communities. 

than in length, as suggested by annual 
regression slopes above 3.0 for all spe- 
cies (Table 41). The slopes averaged Standing Crop INTERACTIONS WITH 
3.19 + 0.06 for bass, 3.41 + 0.07 for PLANKTON 
bluegills, and 3.68 + 0.16 for crappies. 
The population of slow-growing blue- The number of fishes over 49 mm 
gills in Lake Wingra, Wisconsin hada _— fluctuated widely among years (Composition 
regression slope of 3.06 in 1972-74 (Fig. 41). Bluegills this size were 3-5 | 
(Churchill 1976). Slopes for bluegills times as numerous as bass in most 
and crappies were above average, but years. Bluegill numbers averaged 2,100 Cladocerans, copepods, and rotifers 

average for bass, compared with nu- + 60 for October 1978-82, compared to comprised over 80% of the 72 species of 

merous populations cited by Carlander 620 + 135 for bass. Sample sizes were zooplankton netted in the pelagic re- 

(1977). too low to adequately estimate num- _ gion (Fig. 42). Green algae and des- 

Mean condition factor (K) was bers of crappies. mids, diatoms and blue-green algae 

higher for bluegills than for bass and Annual biomass of fishes over contributed over 80% of the 114 spe- 

changed seasonally in both species 49 mm averaged 46 + 11 kg/ha for cies of phytoplankton found offshore. 

(Fig. 39). It peaked in June and July bluegills and 16 + 3 kg/ha for bass, but Rotifers accounted for over 50% of all 

for bluegills (1.9-2.2), when macro- varied widely among years (Table 42). zooplankton species; green algae made 

phytes were densest, and in June for It fluctuated 3-fold for bass (9-27 up nearly 40% of all phytoplankton. 

bass (1.3-1.5). Such condition factors kg/ha) and 6-fold for bluegills (12-74 Fewer species of plankton were found, 

indicate average plumpness in Illinois kg/ha). Swingle (1950) also found blue- however, than macroinvertebrates 

populations (Bennett 1948). Condition gills to average 3 times the biomass of (Table 11). 

declined in late summer or fall for blue- bass of all sizes, when 26 “‘balanced”’ Many plankton were typical of 

gills (1.5-1.7) and bass (1.0-1.3). It was lakes or ponds in Alabama were ponds and shallow fertile lakes (Ta- 

often low in early spring, suggesting re- drained or poisoned. bles 43 and 44). They occurred on or 

duced condition during winter. Variations in fish standing crop ap- beneath submerged macrophytes, 

Fish condition changed with age. peared unrelated to macrophyte bio- | where some were grazed by chironomid 

Mean condition factor for bluegills in- mass, despite such claim in Clear Lake, larvae (Table 23), and rarely became 

54 = creased 17% from age I (1.63) toage IV Iowa (DiCostanzo 1957). The popula- abundant offshore. Such meroplankton
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FIGURE 39. Seasonal changes in mean condition factor for samples of 5 or more fish in 1977-82. 

TABLE 41. Log length-log weight regression slopes (b) of TABLE 42. Standing crop (kg/ha + 

fishes. 95% CL) of bass and bluegills over 
eee” 49 mm an August or October 1977-82. 

Sampling Regression Slope (no. fish) i 
Date Bass Bluegill Crappie Year Bass Bluegill 

1977 Aug 3.03 (350) 3.13 (331) 3.06 (10) 1977 18 + 16 — 
1978 Aug 3.19 (45) 3.48 (304) 3.21 (8) 1978 18 + 15 60 + 61 

1979 Oct 3.18 (100) 3.37 (178) 3.19 (11) 1979 27 + 84 75 + 65 
1980 Oct 3.46 (801) 3.55 (268) 3.92 (23) 1980 9+ 16 52 + 62 
1981 Oct 3.22 (162) 3.57 (289) 3.94 (78) 1981 12 + 26 32 + 54 
1982 Oct 3.05 (177)  —-3.84__— (154) 8.86 (29) 1982 10 + 26 12 + 15 J9
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56 zooplankton collected at Stateons B or C in 1977-82.



TABLE 43. Zooplankton netted in 1977-82 at Stations B and C.4 

Protozoa T. longiseta (Shrank) 

Acanthocystis sp. T.. multicrinis ( Kellicott) 

Difflugia urceolata Carter T. rouselettt (Voigt) — 
Euglena sp. T. similis ( Wierzejski) 
Phacas longicauda (Ehrenberg) Trichotria pocillum (Miller) 
Trichodina sp. | T. tetractis (Ehrenberg) 

Vorticella sp. Insecta: Diptera 

Rotifera Chaoborus albatus Johnson 

Ascomorpha ecaudis Perty C. punctipennis (Say) 
A. (Chromogaster ) ovalis (Bergendal) Cladocera 

A. saltans Bartsch Alona circumfimbriata Megard 
Asplanchna brighiwellt Gosse Bosmina longirostris (Miller) 
A. priodonia Gosse Ceriodaphnia reticulata (Jurine) 
Cephalodella gibba (Ehrenberg) Chydorus sphaericus (Miller) sens. lat. | 
Collotheca mutabilis (Hudson) Daphnia ambigua Scourfield | 

C. pelagica (Rousselet ) D. galeata Sars mendotae Birge 
Conchiloides dossuartus (Hudson) D. parvula Fordyce 

C. natans (Seligo) D. retrocurva S. A. Forbes 
Conchilus unicornis Rousselet Diaphanosoma brachyurum (Liéven) 

| E uch lants triquetra Ehrenberg [= D. leuchtenbergianum Fischer] 
Filinta longiseta (Ehrenberg) Eurycercus longirostris Hann * 
Gastropus hyptopus (Ehrenberg) [= E. lamellatus (Miller) sens. lat.] 
G. stylifer Imhof Leptodora kindtii (Focke) 
Keratella c. cochlearts (Gosse) Leydigia leydigit (Schfdler) 
K. c. var. hispida (Lauterborn ) [= L. quadrangularis (Leydig)] 

K. c. £. micracantha (Lauterborn) Pleuroxis denticulatus Birge 

K. c. f. tecta (Lauterborn) P. hastatus Sars 

Lecane clara (Bryce) Simocephalus serrulatus (Koch) 
L. tnopinaia Harring and Myers S. vetulus Schodler 
Lepadella ovalis (Miiller) 
Monostyla lunaris (Ehrenberg) Copepoda: Calanoida 
M. quadrindeniaita Ehrenberg Skistodiaptomus pallidus (Herrick) 
Mytilina ventralis (Ehrenberg) . . 

Notholca acuminata (Ehrenberg) Copepoda: Cycloporda om 
N. a. var. extensa Olofsson Acanthocyclops vernalis (Fischer ) 
Platyias patulus (Miiller) Diracyclops thomast (S. A. Forbes) 

~ P. quadricornis (Ehrenberg) [= C. bicuspidatus thomast (Forbes)] 

Polyarthra dolichoptera Idelson Eucyclops serrulatus (Fischer) 
P. euryptera Wierzejski [= E. agilis (Koch)] 
P. vulgaris Carlin FE. speratus (Lilljeborg) - 
Pompholyzx suleata Hudson Macrocyclops albidus (Jurine) 
Symchaeta oblonga Ehrenberg Mesocyclops edax (S. A. Forbes) 
S. pectinata Ehrenberg — Tropocyclops prasinus (Fischer) 

Testudinella patina f. triloba (Herman) Ostracoda 
Trichocerca cylindrica (Imhof ) Cypria ophthalmica (Jurine) 

@ Rotifers were identified from Voigt (1956), Gilbert et al. (1979), and especially Stemberger (1979); 
cladocerans from Megard (1967) for Alona, Deevey and Deevey (1971) and Korinek (1971) for Bosmina, 

Brandlova et al. (1972) for Ceriodaphnia, Brooks (1957) for Daphnia, K6rinek (personal identification) for 

Diaphanosoma, and Edmondson (1959) for other species; copepods from Torke (1975 unpubl. rep., 1976) 
and Smith and Fernando (1978); ostracods from Nuttall and Fernando (1971); and Chaoborus from Cook 

(1956). Nomenclature for Eurycercus followed Hann (1980). 

4 

included protozoans (Euglena, Phacus, Polyarthra, and Skistodtaptomus ac- samples had 16 + 1.1 species. Most 
and Vorticella), rotifers (Euchlanis, counted for 80% of all zooplankton col- species were rare. Although 40% of all 
Monostyla, Mytilina, and Platyzas), lected in six years. Anabaena, Cera- __ species recurred in at least 5% of sam- 
and microcrustaceans (Alona, Ceri- tium, Cryptomonas, Erkenia, ples, only 5-10% of them contributed 

odaphnia, Cypria, Eurycercus, Microcystis, and Ochromonas produced over 5% of the total abundance (Ta- 
Leydigia, Macrocyclops, Pleuroxts, and 50% of all algal cells and 70% of the to- ble 45). 
Simocephalus). Also common inshore tal biovolume in pelagic samples. One-half of all phytoplankton spe- 
were green algae (Ankistrodesmus, Cos- Such diverse pelagic assemblages, cies exceeded 35 um, a size considered 
marium, Gloeocysiis, Pleodorina, mixing true plankton with partly litto- too large for most zooplankton to con- 
Scenedesmus, and Volvozx), diatoms ral and benthic species, reflects the sume (Watson and Kalff 1981). These 
(Melosira, Navicula, Pinnularia, and small area and shallow depth of the net plankton were mainly multicellular 

Synedra), and a blue-green alga (Gloeo- lake, its broad littoral region, and sup- green and blue-green algae, but also in- 
trichia). port of microfauna and their food by cluded chrysomonads, large diatoms, 

The most abundant species in Hal- submerged macrophytes. big dinoflagellates (Cerattum), and 
verson Lake were common to pelagic Few species were found on any date. euglenoids (Table 44). Edible-sized 

regions of lakes. Ascomorpha, Daphnia, For all dates zooplankton samples av- phytoplankton consisted of 39 genera 

Diacyclops, Keratella, Mesocyclops, | eraged14+ 0.8species; phytoplankton and 53 species of nannoplankton. They a7
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consisted chiefly of unicellular flagel- TABLE 45. Percent species of phytoplankton and net 

lates, small diatoms, and bacteria that zooplankton contributing at least 5% of all individuals (plant 

together constituted one-half of all al- cells) or samples during 1977-82. 
gal cells and biovolume. Bach sample, . aqueous ewww: 

therefore, contained an even smaller Contribution ______SpeciesSampled_ 

component in edible-sized species. _of Species CCC‘Zlanton. Phytoplankton 
About 80% of all zooplankton spe- Total individuals or cells (%) 10 5 

cies were less than 0.9 mm long (exclud- Total samples (% ) 40 43 
ing antennae, setae, and spines) and No.samples BH 
too small for ingestion even by young 
eentrarchids. Although these fishes 
mostly grazed microcrustaceans, two- 

thirds of their prey (14% of all net zoo- 

plankton) were still undersized. Nau- TABLE 46. Seasonal differences in zooplankton abundance (mean + 1 SE 
plii, comprising one-half of all micro- individuals/L) for 1977-82. 
crustaceans, went ungrazed by fishes. ————ee—Eee——=—=—=€=£=_—=_<_—————oooo—o— ees 

Secondary production in the pelagic re- Taxon ss CFD C—C“‘AC*p-Maay Ss Jun-Aug Oct-Nov 
gion, ultimately, remained directly un- Ostracods 0 2+<l1 6+1 trb 

derutilized by fishes. Cladocerans 5 +1 25 + 5 26 + 4 5 +1 
Calanoids@ 9+2 35 +9 138 +2 1 +4 
Cyclopoids 49 + 18 98 +17 23 +2 42 +12 
Rotifers 97 + 38 97 + 14 717 +14 259 + 69 

Seasonal Changes No. samples 9 (6) 27 (18) 53 (36) 18 (10) 
. @ Calanoids were calculated for just 1980-82, when they were mostly found; their 

sample sizes are shown in parentheses. 
Zooplankton populations fluctuated b tr = less than 0.5 individuals/L. 

seasonally. Ostracods and cladocerans 
were mainly warm water forms; cope- 

pods and rotifers occurred yearlong, 

but usually amassed during cool 

weather (Fig. 43). Total abundance TABLE 47. Seasonal differences in species diversity (mean + 1 SE) of all 
generally increased both in May, when plankton sampled in 1977-82. 
cool and warm water species over- ae ems 

lapped, and in October-November, Parameter Feb Apr-May Jun-Aug Oct-Nov 

when enormous populations of rotifers Zooplankton 
developed. Ostracods were the least No. species 8.7 + 0.4 12.3 + 3.2 14.2 + 2.4 15.7 + 0.6 

abundant group and disappeared in SW diversity (log) 1.8 + 0.2 2.4 + 0.2 2.5 + 0.1 2.0 + 0.1 

late fall and winter; rotifers were the Percent evenness 60 +4 60 +3 66 +2 Sl +3 

most numerous and populated all 72 No. samples 9 26 53 18 

samples (Table 46). Winter samples No epecies 8.2 41.9 14.0 + 1.0 16.4 + 0.8 15.2 + 1.1 0. species 2+1. 0 +1. A+0. 2+1. 

vere the lot apundant, but con SW diversity (ogg) 17405 21401 22401 20+02 
y (Table 47). P 56 +13 56438 54 +3 50 +3 

These changes appeared related to wa- ercent evenness . | | 5 rv 
No. samples 4 14 27 10 

ter temperature. 
Plankton populations varied among 

years. Ostracods became scarcer each 
succeeding summer (Fig. 43). 
Cladocerans developed large popula- 

tions during 1980 and 1981. Calanoid Pompholyz, or Trichocerca. Daphnia, Stephanodiscus, Synedra, and crypto- 

copepods were rare before 1980 and however, recovered after plant har- monids (Figs. 48 and 49). Blooms var- 

then populated samples in spring and vests in 1981. These changes occurred ied widely in abundance and composi- 

fall. Rotifers formed large populations § while most submerged macrophytes se- tion among years. Stephanodtscus was 

in February 1980 and 1981, when little —_ nesced, blue-green algae bloomed, and __ especially abundant in 1978 and 1979, 

snow covered the lake ice (Table 5). water temperatures usually stayed whereas Kirchneriella occurred abun- 

From mid-May through August, above 20 C. The zooplankton recov- _—_ dantly on only two dates. 

when submerged macrophytes were ered at overturn in mid-September, Blue-green algae dominated the 

abundant, pelagic rotifers were vari- when populations of Ascomorpha, Dia- plankton from late June or early July 

ously dominated by Keratella, Polyar- _—_ cyclops, and Keratella exploded. until fall overturn, usually contribut- 

thra, Pompholyx, or Trichocerca Phytoplankton also fluctuated sea- ing over 80% of all cells (Fig. 50). Max- 

(Fig. 44), while microcrustaceans con- _sonally. Blue-green algae and occasion- imum standing crop occurred in Au- 

sisted chiefly of Daphnia, Diacyclops, ally bacteria (Thtopedia) amassed in gust, when total phytoplankton was 

and Mesocyclops (Fig. 45). Edible-sized summer; chrysomonads, cryptomon- 24,000 + 4,000 cells/ml and 9 + 2 

zooplankton contributed one-third of ads, and diatoms bloomed in spring mm3/L. Anabaena and Microcystis 

all individuals. Daphnia galeata and fall; and green algae and dinoflagel- comprised 72% by number (96% by 

mendotae (0.8-1.6 mm carapace length) lates pulsed irregularly during ice-free volume) of all blue-green algae sam- 

was the sole cladoceran species in one- __ periods (Figs. 46 and 47). Winter sam- pled. Aphanizomenon and Coelosphaer- 

third of summer samples. Mesocyclops ples were usually sparse, dominated by ium accounted for 20% by number (4% 

largely replaced Diacyclops after May. chrysomonads and diatoms, and con- by volume) of the algae. Microcystis 

Zooplankton usually declined in late tained fewer species than samples in disappeared after summer, but the 

summer, when Daphnia, Keratella, and ice-free periods (Table 47). other species formed a smaller bloom 

nauplii populations plummeted Spring and fall blooms were vari- (4,000 cells/ml) in October or Novem- 

(Figs. 44 and 45). They were partly re- ously dominated by Asterzonella, ber. Blue-green algae became rare in 

placed on some dates by Filinia, Erkenia, Fragilaria, Ochromonas, winter. 59



eo O Nannoplankton were less abundant, 
GS —n but larger, during warmer months (‘Ta- 

N NY’, ble 48). Clumps of blue-green algae 
~ x could have masked small nannoplank- 

Na ton in the samples, yielding lower 

| N > & counts and higher average biovolumes. 

\? Although nannoplankton appeared 

\ I scarcer and less diverse when blue- 

. Vs green algae exceeded 20,000 cells/ml 

© r (Table 49), differences from sparser 
samples were not significant (unpaired 
t-test). The demise of Daphnia was 

K | { ° \ \ = more related to intensive fish predation 

\ ‘ j CW O than to shortages of nannoplankton as 
\ . 

om W\ 5 \ * > 0 food. hl hv]] 14 . 
SEAN x 3 om <x Mean c orophyll-a and **C pri- 

Mg aN 4 of 9h mary productivity mirrored the sea- 

. EN ‘ 0 e of @ sonal changes in phytoplankton 

N h ‘ ©. ~ (Figs. 51 and 52). They reached 43 + 
A ei : N 2 6 mg/m? and 67 + 12 mg/m? hour, re- 

oN ~~ A yx spectively, in August. Highest summer 
\ \ A , \ = values occurred in 1977 and 1980. The 

18 \- \ \ y. \S L unusually low chlorophyll-a values in 
: K N , August 1979 suggest a sampling or 

: measurement error. Sample variances 

é A = among depths were greatest in sum- 
N RN BO mer, when blue-green algae congre- 

N \ . ! gated near the water surface. Chloro . On mI) uN e - 

, ° ~ ° \ LQ a S phyll-a and primary productivity were 

S f "NWS ~ lowest in winter. Differences between 
A A A KQ oh WN 2 O©O i, . ° 

, A ; hi “ © 1.5 Stations B and C were usually not sig- 
g ° \ A s SQ P= 13 nificant (paired {-tests). 

y. \ RN he WN NE ~~ S Water clarity deteriorated as blue- 
6 aS AS esX SN Ss 8 

SK aS YH \ W < = 8 green algal blooms developed, while 

uw N \ \ = = < dissolved color of the water remained 

= N N \ , N i" 23 below 10 Pt units. Secchi disk visibility 
| : e 5 = declined from 4-5 m in May-June to 

. . Ns SO ve m ” July-August. ao remained 
\ . ve Ss above 1 m throug , however, 

f IN aN O S § when water stargrass persisted until 
4 . Q RS yo 3% fall overturn. Secchi disk visibility and 

N \ aN at 5 & mean total phosphorus (P) were each 
N SN N > ls ‘Ss __ highly correlated with all phytoplank- 
A ‘ 5 . 33 ton parameters ayer 1D rats 

we SN NT JL Es otal nitrogen total P ratios 
e KG \ Ss = ‘= % were typically above 20 during sum- 

J q \ N <i = mer, suggesting a relative shortage of 

| > N e 8 2 P. Over 90% of the total N, however, 

18 2 so ISSNN hh 3-3 was organic. This fraction is poorly as- 
: iG = ve . 

OE Se BE eee ee eee ee 
ot | EW LG = ‘ counted for one-half of all blue-green 

3 A t Ho S 2 algae. Those algae incapable of nitro- 

2] is fe al 7 gen fixation could have been limited by 

or 2 of WN <I ££ both phosphorus and nitrogen. 
5 Ie N Sy 2 ; z K SS _ © S Runoff and macrophyte senescence 

=, KS .2 2 appeared to provide the nutrients 
a \ ‘ia < -3 needed to drive summer blooms of 
> \ 25 ; 
Gi ° SAX « =© 3 5 blue-green algae. Early runoff failed to 

m . Q \ = 3 = stimulate blooms until macrophytes 

ly a8 2 N 1= &2 decayed. Algal blooms were delayed in 

: 8 as rT \ Yu ga 1977 until August, following heavy 

ns 2 S g © 53 rains in mid-J uly (200 mm) and die-off 

. = $ 3 f S. ey were delayed 

! g8 : N 58 S N a Nz S : again in "1982 until September, when 
© § $ 2 iy 3 x = yO S water stargrass senesced. Ample rain 

i 2S «Qa , 9S > yg AP —=.§ fell in May and June 1978 (300 mm), 

g S < ! \ ID | sy but failed to stimulate algal blooms un- 

s \N 7 - 2 til the pondweeds began to decline. 

| 2s Blue-green algae reached 22,000 

882° B f& B Ff 8 f& 8 fF B® 2 cells/ml in June 1981, after about 70% 
60 (ON) LNNOD NOLYNV1d00Z = of the macrophyte biomass was har-
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FIGURE 44. Abundance of rotifers at Station C during 
1977-82 (72 sampling dates). 
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FIGURE 45. Abundance of cladocerans and copepods during 1977- 
82. Adult copepods (C6) are designated on lower plots by thon 

| dashed lines; calanoids are differentiated by shading. Note differ- 
| ences in scale size among plots. 
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vested, compared to 2,500 cells/ml in 

TABLE 48. Cell count and biovolume (mean + 1 SE) of nannoplankton and June 1980, when 30% was removed. 

blue-green algae during 1977-82. Cumulater ay Op J as of these 

Taxon Feb Apr-Ma Jun-Au Oct-Nov Submerged macrophytes eviden- 

Cell count (hundreds/ml) tially acted as a nutrient sink in late 

Nannoplankton 41 + 27 69 + 22 25 +6 116 + 38 spring and early summer and, conse- 

Blue-green algae 0 545 174 + 2 38 + 22 quently, delayed the onset of blue- 
Biovolume (mm®/L)10 13 43 green algal blooms. Runoff was effec- 

Nannoplankton 3 i] 9 +2 17 +7 9 £ tive in stimulating summer blooms 

pue Breet algae ’ a 2g x . tt only after the macrophytes began to 

Sa naan: 7-507 decline. Clear water and reduced sum- 

tr = less than (0.5 mm*/L)10. mer phytoplankton have been ob- 
served in fertile lakes crowded with 
submerged macrophytes (Pokrovskaya 

Tae 1983, Canfield et al. 1984). Enough nu- 
TABLE 49. Nannoplankton abundance and spectes diversity (mean trients can be released from senescing 

+ 1 SE) in July and August samples differing un concentration of macrophytes, however, to stimulate 

blue-green algae. phytoplankton blooms (Carpenter 
eee 

. . 

Blue-green Algae (cells/ml) 19804, Landers 1982). The timing of 
Less Tha More Than nutrient runoff and the condition of 

SS 20.000 macrophytes can be crucial to algal 

Parameter 20,000 production in certain lakes. 
Cell count (thousands/ml!) 4.1 + 2.0 2.1 + 0.6 

SW diversity (log9) 2.6 + 0.2 2.2 + 0.2 

Percent evenness 69 +4 67 i 4 

No.sampls CB 

TABLE 50. Log-log correlation coefficients of phytoplankton vs. total phosphorus 

(P) or Secchi disk visibility for mid-May to mid-September 1977-82.4 
oe eeeEEOEoEOEeEeEeEeEeEeeeeeeeeeeeee——elllllEESs_QQSQNENELQEEQQQOONSSS 

SO 

Abiotic Correlation Coefficient (No. Paired Observations) 

Variable Chlorophyll Productivity Biovolume Cell Count 

Total P 0.75 (54) 0.56 (55) 0.52 (31) 0.45 (31) 

Secchi disk -0.86 (68) -0.60 (59) -0.62 (37) -0.67 (37) 

@ All coefficients are highly significant (P< 0.01). 

2. Growth resumed at ice-out. incomplete, as openings and channels 

COMMUNITY STRU CTURE viadopnora spread aone the lake bot persisted where plants decayed. 

om in deep water. Spirogyra rose to 
the water surface, where its floating 4. Macrophytes propagated from frag- 
mats avoided shade from diatom ments and runners during ice-free peri- 

1. The macrophyte community com- blooms and pondweeds and formed ods, but depended on turions, rhi- 

prised 9 emergent and 19 submerged or microhabitats for some macroinverte- zomes, seeds, or tubers in winter. 

floating species. Cattail, cut-grass, brates. , 

slender spikerush, and softstem bul- 5. Macrophytes covered 40-70% of the 

rush prevailed along shore. They cast 3. Total standing crop attained 130- _lake bottom, 20-30% of the water sur- 

shade, trapped sediments, interrupted 200 g/m@ (dry weight) in July, when _face, by late July. Plant harvesting re- 

waves, and created pockets for unat- Berchtold’s and sago pondweeds domi- duced the surface and midwater 

tached plants. Coontail, filamentousal- | nated. Water stargrass dominated af- growth, leaving the bottom still 

gae (cladophora and spirogyra), pond- ter 1981. Curly-leaf pondweed declined carpeted. 

weeds (Berchtold’s, bushy, curly-leaf, in July, other pondweeds senesced in 

and sago), and water stargrass vari- August, leaving coontail and water 6. Vegetation was distributed in three 

70 ‘ously dominated offshore. stargrass. Species succession remained —_ overlapping zones. A marginal or shore



zone of emergent plants occurred in wa- the water surface (5) were more re- for bass, 212 + 22 mm for crappies, and 
ter 0-0.3 m deep. A shallow-water zone, stricted. 136 + 2 mm for bluegills. Growth of 
covering nearly all of the littoral region crappies was above average, bluegills 
and including over 90% of the under- 8. Three-fourths of the bottom fauna average, and bass below average com- 
water biomass, extended to 3.5-4.0 m occurred inshore during summer. _ pared to 10 studies of 300 lakes in the 
depths. A sparse deep-water zone of Clams, Gyraulus snails, tubificid | Midwest. Bass grew slowly in waters of 
cladophora, nitella, and water star- worms, and chironomid and cerato- dense vegetation; bluegill growth was 
grass stretched from 2.5 to 4.0 m deep. pogonid larvae predominated. The more varied. 

fauna dispersed during other months. 
7. Macrophyte beds were vertically Largest populations occurred in winter 4. Fishes grew faster in weight than in 
stratified. A canopy, dominated by | When emergence, development, fish length, as indicated by (log-log) length- 
sago pondweed and some filamentous predation, and bottom disturbances _ weight regression slopes in October of 
algae, extended 10-15 m offshore and were minimal. 3.2 for bass, 3.4 for bluegills, and 3.7 for 
reached 60 cm thick. It covered a mid- crappies. Mean condition factor was 
dle layer of much denser vegetation, 4. An abundant and diverse fauna de- _—ihighest in June or July for bluegills 
reaching a depth of 3.5 m and domi- — veloped in and beneath submerged _(1.9-9.2) and bass (1.3-1.5). 
nated by pondweeds or water stargrass. macrophytes. Fewer bottom organisms 
An inconspicuous layer of bushy pond- occurred at Station 5thanelsewherein- _—i5. Bluegills over 49 mm were usually 3- 
weed, coontail, elodea, water stargrass, shore, until water stargrass invaded in 5 times as numerous as bass in October, 
and neophytes of other species grew at 1982. The submerged macrophytes av- _ put fluctuated widely among years. An- 
the base of taller vegetation. The strat- eraged 31 organisms/g dry weight of nual standing crop was 46 + 11 kg/ha 
ification superficially resembled that in plant, with the fauna differing little for bluegills and 16 + 3 kg/ha for bass 
rain forests and served to distribute fo- among macrophyte species. Amphi- over 49 mm. 
liage more efficiently, create pods, Physella snails, naidid worms, 
microhabitats, and buffer mechanical beetles, true bugs, water mites, and lar- | 
disturbances. vae of chironomids, caddisflies, and INTERACTIONS WITH 

mayflies predominated on plants. PLANKTON 
8. Plant growth was partly restricted 

along shore by bottom scouring during 5. Over 70% of macroinvertebrate taxa 
ice-out, breaking waves during storms, were reported as collectors or shredders 1. Diverse zooplankton and phyto- 
heavy sedimentation from bank ero- _ of algae and detritus. Macrophytes plankton communities, partly originat- 
sion or inflowing streams, shadingfrom functioned to annually renew the pool = ing from shore, assembled in the pe- 
trees and high banks, and high water _ of detritus and to shelter benthos and _lagic region. Rotifers comprised 50% of 
temperatures in summer. Macro- their prey. the 72 species of zooplankton netted. 
phytes, in turn, modified the microcli- Green algae accounted for 40% of the 
mate inshore by restricting water circu- 114 phytoplankton species in Kem- 
lation and light penetration. The lake FISH USE OF HABITAT merer samples. Nannoplankton (flagel- 
water in summer remained cool be- AND FOOD | lates, diatoms, and bacteria under 
neath the canopy foliage, but warm 30 um) contributed one-half of all algae 
above it. sampled, leaving an equal number too 

1. Largemouth bass and bluegills con- _ large for most zooplankton to graze. 
9. Nutrient concentrations in whole  regated near shore in summer, while = Only 20% of all net zooplankton were 
macrophyte tissues provided little evi- black crappies remained offshore. Sub- _large enough (over 0.9 mm) to be con- 
dence that nutrients limited plant | ™erged macrophytes sheltered small _ sumed by fishes. Much of the secondary 
growth. fishes (under 120 mm), while restrict- _ production in the pelagic region, conse- 

ing larger ones. Cruising lanes opened quently, went unutilized by these 
to all fishes as macrophytes decayed. predators. | 

BOTTOM AND 2. Fish diets overlapped in spring, but — 2. Spring and fall samples were domi- 
PLANT DWELLING FAUNA partially segregated insummer. Allfish nated by copepods (Diacyclops and 

species heavily grazed chironomid lar- _—Skistodiaptomus), rotifers, and nanno- 
vae and Daphnia in spring. Crappies plankton. Other copepods (Meso- 

1. An Ekman dredge, plant nets, and remained zooplanktivores throughout cyclops), cladocerans (Daphnia), and 
multiple-plate samplers together col- summer, while bass and bluegills blue-green algae (chiefly Anabaena and 
lected 144 species of macroinverte- grazed larger prey on the lake bottom Microcystis) amassed in summer. Phy- 
brates. Insects comprised 75% of spe- and macrophytes. Bluegills consumed toplankton total counts (24,000 + 
cies and 50% of individuals. Most mayfly and caddisfly larvae, water 4,000 cells/ml), total biovolumes (9 + 
Species were rare, with 40 species occur- mites, snails, vegetation, and bry- y) mm%/L), mean chlorophyll-a (43 + 6 
ring once and only 34 others ever com- ozoans; bass ate mayfly larvae, dragon- mg/m”), and mean 14¢ primary pro- 
prising at least 5% of individuals. flies, true bugs, oligochaetes, and fishes. ductivity (67 + 12 mg /m3 /hour) usu- 

Vascular plants formed 20% by volume ally peaked iin August. These parame- 
2. Many species occupied several habi- Of the bluegill diet in July and August. _ ters were highly correlated with Secchi 
tats. Submerged macrophytes (78 spe- disk visibility and total P. Senescence 
cles) and the lake bottom (61) were 3. Fishes grew rapidly through their of submerged macrophytes appeared 
Principal habitats, whereas the open third year (age II), reaching a (mean + necessary for production of dense blue- 
water (33), floating algal mats (7), and 95% CL) total length of 223 + 5 mm green algal blooms in summer. 

| a



THE DOMINANCE OF production. Emergence of chironomid _ ing biological diversity. Fragmenting a 

MACROPHYTES larvae and depletion of Daphnia in wall of dense vegetation permits an- 

early summer, however, forced blue- glers and game fishes freer access to in- 

gills to progressively switch prey and shore habitat. Such macrophyte beds 

A dynamic community of macro- consume more vegetation. Access to of moderate density maximize fish 

phytes, coupling structure with func- _‘ forage fishes inshore appeared crucial growth (Crowder and Cooper 1982). 

tion, developed in Halverson Lake. to continued growth of bass. Selective plant harvesting in Halver- 

The finely branched foliage maximized The plankton was enriched with son Lake created fish cruising lanes, 

biomass and habitat structure. Hori- species from shore, especially rotifers but removable fiberglass screens can 

zontal zonation distributed the bio- and green algae. Many phytoplankton channelize foliage too shallow or deep 

mass toward deep water. The expan- appeared too large for invertebrate for a harvester (Engel 1984). Cedar 

sive foliage intercepted runoff, stored predators, whereas most net zooplank- trees by Halverson Lake reduced 

nutrients, buffered water movements, ton were too small for fishes. This left shoreline growth, suggesting that in- 

and stabilized sediments. Species suc- secondary production directly un- tentional plantings along south and 

cession channelized and diversified the  derutilized by predators in the pelagic west banks of lakes can provide an at- 

community. Floating mats of algae region. By storing nutrients during tractive long-term control of shallow 

formed microhabitats for benthos in spring and early summer, submerged plants. Spot dredging and selective rip- 

spring. Plant beds gradually became macrophytes delayed blue-green algal rapping can fashion plant-free strips 
more accessible to fishes. Sago pond- —_ blooms. Nutrients became available to along shore. 
weed shaded understory plants. Thefo- | drive summer blooms mainly when Attractive and useful underwater 

liage vertically stratified into a three- submerged macrophytes senesced. gardens are possible in lakes with little 

dimensional labyrinth. Rather than a The macrophyte community ulti- vegetation. Water lily beds, grown 

confusing entanglement, the macro- mately dominated life in Halverson from tuberous rootstocks, provide 

phyte community appeared intricately Lake. The diversity, community struc- cover for adult bass. Dense monotypic 

structured. ture, and seasonal changes of macro- stands of fine-leaved plants can be di- 

The littoral region teemed with spe- _—_ phytes were linked to interactions with versified with cuttings of broad-leaved 

cies. Macrophytes were habitat for col- benthos, fishes, and plankton. Creating pondweeds or tubers of wild celery. 

onizing invertebrates and algae. Many microhabitats, renewing detritus, Shoots of narrow-leaved pondweeds 

macroinvertebrate species recurred in screening fishes, storing nutrients, and and coontail, harboring a plethora of 

low numbers. Rareness can be adaptive buffering water movements were im- aquatic insects in Halverson Lake, are 

in filling niches and reducing en- portant functions of macrophytes. The edible to waterfowl. Grown near appro- 

counters with predators. Abundant study illustrates how the macrophyte priate emergent cover on shore, such 

taxa occupied both macrophytes and community can play a pivotal role in plantings can improve habitat for a va- 

the lake bottom. Diet and habitat pref- the ecology of a shallow water lake. riety of wildlife and fishes. 

erences broadly overlapped. Most taxa Restructuring littoral regions is an 
consumed detritus and algae, occupy- architectural approach that builds 

ing more than one trophic level. Some from a phased lake-use plan. The lake 
carnivorous insects even ingested detri- MANAGING WITH is zoned into areas of similar function. 

tus with carrion and live prey. Dead MACROPHYTES A management strategy is then tai- 

macrophytes refueled the pool of detri- lored to each zone. Zones need not be 

tus. Reliance on detritus as food contiguous. Priority ones are managed 

lengthened food chains, by requiring a When submerged macrophytes first. Some zones are kept plant-free for 

decomposer step. Energy and materials dominate a lake their value as a re- swimming or boating, including boat 

could then be recycled to the predator- source can conflict with demands for lanes radiating from shore. Areas of 

prey food web. boating and swimming. Macrophyte open variegated macrophyte beds are 

Submerged macrophytes sheltered interactions in Halverson Lake suggest constructed for angling. Zones of dense 

small bass and bluegills, but restricted how defoliating lake shallows can dis- vegetation can become fish or water- 

large bass (over 179 mm) offshore with rupt plant community structure, ex- fowl nurseries. Some zones are left un- 

crappies. Diets broadly overlapped, as pose sediments to different plant spe- managed, until they are needed or 

fishes utilized common prey on both cies, eliminate macroinvertebrate funds become available. Different man- 

the macrophytes and bottom inshore. habitat, and deprive fishes of prey and agement techniques can, therefore, be 

Even large bass grazed macroinverte- cover. Avoiding such multifarious im- phased in over time. 

brates. Food became partially segre- pacts requires thoughtful planning, an Managing with macrophytes, 

gated by predator size as plant beds de- integrated approach, and a concept of rather than repeatedly destroying 

veloped. Macrophytes expanded the littoral] region as a vibrant interac- them, can provide a balanced approach 

feeding opportunities by supporting a tive unit. to lake rehabilitation. A plan to man- 

wide range of prey. This diversified the Littoral regions can be restructured age selected areas of a lake can even 

72. ~=energy pathways leading to secondary to enhance recreation, without sacrific- economize on total treatment costs.



GLOSSARY 

ASSOCIATION — a unit of vegetation comprising several co-dominant species. : 

BENTHOS — organisms living in or on the bottom, macrophytes, or other solid substrates of a lake or 

stream. 

BIOMASS OF MACROPHYTES — weight of cleaned foliage, including runners but not roots, dried in 
an oven at 105 C. 

BIOVOLUME OF ALGAE — total volume of an alga, including all its cells (if multicellular) and 
extracellular material. 

COPEPODID — a juvenile or adult copepod developing after the naupliar (larval) stages. 

DETRITUS — organic and inorganic remains of plants and animals suspended in water or settled on ~ 
the bottom and adjoining objects of a lake or stream. 

EPIPELIC ALGAE — algae growing on sediments or objects on a lake or stream bottom. 

EPIPLEUSTON — organisms living at the surface tension layer of water. 

EULITTORAL ZONE — a region along shore where waves break. 

FLUOR — a chemical solution used to measure the radioactivity of a sample. 

GASTRIC LAVAGE — a method to flush food from fishes with jets of water. 

INSTAR — a stage between molts of developing crustaceans and insects. 

LITTORI-PROFUNDAL ZONE — a region of a lake where vascular plants give way to filamentous 

macroscopic algae. 

MACROPHYTES — macroscopic plants, including vascular plants (angiosperms), stoneworts (chara 

and nitella), and filamentous macroscopic algae. 

MEROPLANKTON — benthic organisms temporarily occupying the plankton. 

NANNOPLANKTON — plankton small enough to pass through a net. 

QUENCHING — loss of radioactivity in samples to be measured. 

S/em — Siemens/cm, a unit of electrical conductivity equivalent to micromhos/cm. 

TURION — a resistant dormant bud on shoots of certain aquatic vascular plants. 
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