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Unionid mussels were collected during the summers of 1977-79 in the 

main channel and associated backwater areas of the Upper Mississippi 

River from Prescott, Wisconsin to Dubuque, Iowa, a total of 229 river miles. 

Living mussels were collected on 2,663 five-minute tows with a 10-ft dove- 

tail clam bar brail. SCUBA diving was also employed to collect living and 

dead mussels and to determine the efficiency of the brail. The average 

efficiency of brail runs was less than 1% when compared with SCUBA div- 

ing, which was considered 100% efficient. 
Over 8,700 live mussels, representing 30 species, were taken on the brail. 

The shells of dead specimens collected by SCUBA diving added 7 more spe- 

cies. Of the two federally endangered mussels, Fat Pocketbook (Proptera 

capax) and Higgins’ Eye (Lampsilis higginsi) historically found in this 

area, only the Higgins’ Eye was collected in the study. The mean number of 

mussels collected per clam bar tow ranged from 0.3 in Pools 5 and 5A to 18.3 

in Pool 10. Threeridge (Amblema plicata), Pigtoe (Fusconaia flava), and 

Pimpleback (Quadrula pustulosa) were the most abundant species. How- 

ever, members of the Truncilla spp. may be more numerous than indicated 

due to brail selectivity against small species. Results of this study, when 

compared with earlier mussel surveys, showed a continuing trend of di- 

minishing mussel species diversity.
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The commercial harvest of fresh- CT conducted to examine changes in mus- 

water mussels from the Mississippi | sel populations and to relate these 

River began in the last decade of the —— changes to alterations in mussel 
nineteenth century when J. F. hl habitat (Finke 1966, Coon et al. 1977, 
Boepple, a horn button turner from 4 Fuller 1978 and 1980, Larsen and 

Hamburg, Germany, pioneered the use rt | Holzer 1978). Due to concern ex- 

of mussel shells for button production rT pressed for the decline of several mus- 
(Carlander 1954). Muscatine, Iowa, fae sel species, two species historically 7 

| with its nearby mussel beds served as _ | ne found in Wisconsin, the Higgins’ Eye 
the birthplace for the pearl button in- Ty > ~——t (Lampsilis higginsi) and the Fat 
dustry. The mussel fishery and the a  lUlUlUC Pocketbook (Proptera capax)* were 

button industry rapidly expanded 7) é.. ia placed on the Federal Endangered 

along the Mississippi River as mussel eee Species List during 1976. In May 1979 
beds near Muscatine were depleted ad the Higgins’ Eye, the only one of the 
(Coker 1921). By 1902, the fishery ex- | two currently found in Wisconsin, was 

tended northward into Minnesota and placed on the Wisconsin Endangered 
Wisconsin. During that year, over 16 Freshwater pearls that have recently Species list. 
million pounds of mussel shells were been collected from the Upper The primary objectives of this sur- 
harvested at a value of $66,110 (Car- Mississippi River in the vicinity of vey were to determine distribution, rel- 
lander 1954). The mussel beds in the Prairie du Chien, Wisconsin. ative abundance and species composi- 
Mississippi River began to show signs tion of the mussels in the Upper 
of depletion by the 1930’s. This, cou- Mississippi River; monitor the com- 
pled with the advent of the plastic but- in Japan where they are processed to mercial clam harvest; identify endan- 

ton, led to the decline of the mussel produce spheres which are implanted gered or threatened species; and rec- 
fishery. | into oysters as nuclei for cultured ommend appropriate management 

Clamming in the Mississippi River pearls (Krumholz et al. 1970). measures for the Wisconsin waters of 
drainage system was revived during The rapid depletion of mussel beds the Mississippi River. 
the 196C’s. Kokichi Mikimoto of Japan during the heyday of the pear! button 
found that the freshwater mussel shell industry stimulated numerous studies 
produced the best nucleus for high of the Upper Mississippi River mussel ee 
quality cultured pearls (Lopinot resource (Coker 1914, Grier and Muel- *The Fat Pocketbook is listed as Potamilus 
1967). Since that time, Mississippi ler 1922, Grier 1922, Ellis 1931). Dur- capax on the Federal Endangered Species 
River shells have been sent to factories ing the 1960’s and 1970’s, surveys were list. 

_ The study area included 229 miles and rich wetland habitats until it sissippi River are largely agricultural 
of the Mississippi River extending reaches Lake Pepin just south of Red and forest lands. | 
from Lock and Dam No. 2 near Pres- Wing, Minnesota. At this point the The study area encompassed sec- 
cott, Wisconsin, where the Mississippi river becomes a river lake that is ep- tions that were affected by the glaciers 
first enters Wisconsin, to Lock and proximately 1 to 2.5 miles wide and as well as part of the Driftless Area 
Dam No. 11 at Dubuque, Iowa (Fig. 1). nearly 22 miles long, extending to the (not altered by the last glaciation). 
The Mississippi River is the border be- delta of the Chippewa River. As it con- The floodplain material is clay, silt and 
tween Wisconsin and Minnesota and tinues to flow downstream to the end loam, sometimes sandy and often dark 

| Iowa in this section. The Upper Mis- of the study area at Dubuque, Iowa with organic matter. It may be 10-30 
sissippi River has a rich variety of (Lower Pool 4 - Pool 11), the river re- inches thick and is underlain by sev- 
aquatic habitat types which includes: turns to an intricate network of diverse eral feet of sand which often grades 

the main channel, main channel bor- aquatic habitats. | into coarse gravel (Martin 1965). 
ders, tail waters, side channels and Throughout its course in the study In its original condition, the Upper 
river lakes, and sloughs (Rasmussen area, the width of the river varies from Mississippi River consisted of a series 

1979). Sampling was done in all of 725 ft to 2,400 ft and occupies from of relatively deep pools separated by 
these habitats with emphasis on the 1/12 to 1/4 of the river bottomland. shoal bars and rapids. The channel 
main channel border. Steep bluffs 200 to 650 ft high border was obstructed by rocks and snags, and 

At the northern end of the study the bottomlands which are 1-6.5 miles during low water the flow through the 
area in Pool 3 downstream from the wide. The grade of the river is less shoals was divided into several chutes 
mouth of the St. Croix River, the Mis- than 4 inches to the mile (Martin with narrow widths and depths as little 

2 sissippi develops extensive backwaters 1965). The areas drained by the Mis- as 30 inches (Carlander et al. 1966).
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FIGURE 1. Upper Mississippi River study area. 3



Navigation on the Mississippi has technology grew, deeper channels were increased the permanent water area 

been important from the time of first | needed and a 6-ft channel was autho- — and stabilized the water level. How- 

settlement to the present. Measures rized in 1907. The existing 9-ft chan- ever, installation of the dams marked 

have been taken to develop the river nel with its 28 locks and dams was au- the start of a man-induced aging pro- 

into a more navigable corridor. As thorized in 1930 (Rasmussen 1979). cess (Rasmussen 1979). Due to re- 

early as 1820 the U. S. Army Corps of The lock and dam system has had a duced currents, side channels, backwa- 

Engineers was directed to remove major impact on the character and ap- ters, gravel bars, and other areas are 

snags and to maintain a boat channel. pearance of the Upper Mississippi gradually being filled with sediment. 

In 1878, Congress authorized a 4.5-ft River. Impoundment changed the Consequently, many ecologically rich 

channel between Minneapolis and the Mississippi from a free-flowing river areas are continously being lost as via- 

Missouri River. As commerce and into a series of river lakes. The dams ble aquatic habitats. , : 

The period of the study. extended tion for 5 min by a 16-ft motorized john the greater densities of mussels in 

from February 1977 to March 1980. boat.. Pools 9-11. 

| Field sampling was conducted from In all areas except for Lake Pepin Efficiency of the brailing effort was 

May through October during 1977 and the runs were randomly selected from calculated by comparing mussel densi- 

1978 and from June through Septem- the navigation charts of the U.S. Army ~ ties from catches of brail and SCUBA 

ber in 1979. The first year’s sampling Corps of Engineers, but areas sus- diving efforts in the same vicinity. 

included Pools 5A-8 and the Black pected of containing clams were also Mussel densities (number/square 

River from the Onalaska Spillway surveyed. At least six runs were made foot) calculated from brail runs cover- 

downstream. The second phase of the __ per river mile. In the Lake Pepin area, ing 1000 ft? (100 ft run, 10 ft wide) 

study extended from Pools 3 to 5, and runs were made at 5-ft contours as well were compared to mussel densities cal- 

Pools 9-11 were surveyed in the third as on transects across the lake at pre- culated from SCUBA effort covering 
year. determined locations selected from 25 ft2 to 75 ft2. Brail efficiency was , 

The crowfoot bar or brail was first Minnesota Department of Natural Re- considered equal tg the ratio between 

used as a capture device in 1897 (Car- sources hydrographic maps. The loca- number brailed/ft“ and number col- 

lander 1954) and is still a major com- tions of the runs were recorded on lected by SCUBA/ ft2 x 100%. 

mercial collecting apparatus. It is U.S. Army Corps of Engineers naviga- All mussel shells from both diving 

made from varying lengths of metal tion charts.* and brailing samples were identified 

rod or wood and is fitted with 4- During 1977 and 1978 at the begin- and measured using the standard defi- | 

pronged hooks attached to the bar by ning and end of each run, water depths nition for length and height (Ortmann 

short lines or chains. The brail is drag- were recorded and bottom sediments 1920, Ball 1922). Mussel identifica- 

ged along the bottom with the current. were collected with a petite Ponar or tions were confirmed by Sa- 

When the hooks come in contact with Ekman dredge. The substrate was muel L. H. Fuller, Academy of Natu- 

open shells, the mussels close their subjectively classified as gravel, sand, ral Sciences, Philadelphia, Pa. and 

valves tightly on the prongs and then clay, or silt. Marian E. Havlik of Malacological 

the brail can be raised to the surface. SCUBA diving was used at 61 loca- Consultants of La Crosse, Wis. The 

Some small mussels are not large tions in the various pools to augment vernacular and scientific names used 

enough to be captured by this means the brail samples. During 1977 and in this report are the same as those 

because they cannot clamp onto the 1978, SCUBA was also employed to de- found in Fuller (1978). Scientific 

hooks. However, small mussels are termine the efficiency of the brail. The names are included in the text only if 

sometimes collected on the brail when most productive areas in each pool they do not appear in Table 1. A max- 

the hooks become entangled in their during the initial brailing were revis- imum of two cleaned specimens of each 

byssus threads or in the vegetation ited for SCUBA sampling. A 100-ft species per run were catalogued for a 

they inhabit. section of the initial run was marked, reference collection. 

A brail was used during this study measured, and brailed. If the brailing After a suspected Higgins’ Eye mus- 

because it maximizes the amount of yielded mussels, a 5-ft square metal sel was collected by brail or SCUBA 

mussel data that can be obtained from frame was placed on the substrate in diving, it was transported to the U. S. 

one area in a given period of time three locations within the marked 100- = Fish and Wildlife Service National 

(Fuller 1978). The brail used was a 10- ft interval. All mussel specimens Fishery Research Laboratory in La 

ft wooden bar equipped with 200 dove- within the frame, both live and dead, _— Crosse, Wisconsin, and housed in an 

tail hooks with beaded prongs. The were collected by the diver. The shells oxygenated aquarium. The specimen 

hooks were made of several gauges of of dead specimens from the dives were _ was then identified by a recognized au- 

wire to help reduce size selectivity in retained. In 1979 only two 5-ft-square thority and placed back into the river 

mussel capture. This bar design has quadrants were sampled per site due to bed by a SCUBA diver. Every effort 

been accepted as the standard mussel was made to keep the specimens alive 

gear by the Upper Mississippi River and no mortalities occurred. 

Conservation Committee. The clam *These maps are on file at the Wis. DNR, Historical changes in mussel popu- 

4 bar was towed in a downstream direc- State Office Building, La Crosse, Wis. lations were examined by comparing
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the results from this study with similar Wisconsin DNR study by Finke tests required, sampling results were 

efforts by Baker (1905), Shimek (1966), who also used 5-min runs. randomly adjusted to assure equal 

(1921), Grier (1922), Ellis in 1930- Areas sampled in this study included weight for compared statistics, = 

1931 (van der Schalie and those sampled by Finke (Lake Pepin, _ During 1977 and 1978, the clam- 

van der Schalie 1950), and Finke — Pools5,6,7, and 9), thus allowing a de- ming industry was studied by identify- 

(1966). Studies by Baker, Shimek, tailed comparison of results. ing people involved, determining cur- 

Grier, and Ellis were made before the Diversity indexes were calculated as rent markets, and monitoring the 

Mississippi River was impounded, and a measure of community health. This mussel harvest. The shell buyer in 

because of differences in sampling single calculated value incorporates Prairie du Chien for the Tennessee 

techniques, comparisons were limited two important components which con- Shell Company was the only outlet for 

to the identification of species present. tribute to species diversity: richness of | mussels in Wisconsin during 1977 and 

Baker and Shimek collected in the Mc- species, and distribution of individuals 1978. He was provided with voluntary 

Gregor, Iowa region. Grier sampled 80 among the species. The Shannon- questionnaires that requested infor- 

miles of the Mississippi River between Weaver diversity index (Hutcheson mation on total tonnage, species har- 

- Lock and Dam No. 3 at Red Wing, 1970) was used to compare mussel spe- vested, location of clamming opera- 

_ Minnesota and La Moille, Minnesota __ cies diversity in different pools during tions, quantity of equipment leased, 

using a 100-hook crowfoot bar anda _—_1977-79, and to compare diversity ob- _— price paid per ton, and principal mar- 

clam rake. The Ellis study included served during this study with Finke’s — kets. In addition, species composition 

portions of the Mississippi River be- (1966) earlier study. | and length-height measurements were 

tween river miles 777.5 and 632.0 The relative abundance of Three- taken periodically throughout the 

(Pools 4-10) and employed crowfoot ridge and Pigtoe was determined for all summer months from the commercial 

bars, dredges, rakes, and polywogging Pools, 3 through 11. In addition, the shell piles. The Borden Shell Com- 

(wading in shallow water and collect- relative abundance of these two species pany started buying shells in Prairie 

ing mussels by hand). The sampling was compared with results of du Chien during the summer of 1979 

strategy of this study was to replicate equivalent efforts made in Lake Pepin, after the commercial sampling was 

techniques employed for an earlier Pools 5, 6, 7, and 9 during 1965. When finished. 

BRAIL EFFICIENCY ‘brailing were compared for Pools 9, 10, given area. Mussel densities calculated 

and 11. For 6 of 12 sets of comparable from brailing were highly correlated to 

data, the mussels collected by diving densities calculated from SCUBA col- 

Comparison of brail to SCUBA div- were significantly smaller (P < 0.10): lections (r = 0.89). 

ing effort at 34 locations during 1977 Threeridge in Pools 9-11, Washboard 

and 1978 resulted in a calculated aver- in Pool 11, and Pigtoe in Pools 10 and 

age brail catch efficiency of 0.7% of the 11. There was no significant difference MUSSEL DISTRIBUTION 

available population, ranging from 0.1 in the Pimpleback collected by diving AND ABUNDANCE 

to 2.5% (S.E. 0.2%). Repeated dives and brailing. 

| at the same location indicated that Scruggs (1960) found that when 

SCUBA effort was a complete collec- Pigtoe less than 5.0 cm were present, 

tion technique that gave an adequate the brail was more successful in catch- Pools 3-11 

index of absolute mussel density. ing Pigtoe larger than 5.0 cm. Likewise 

Therefore, SCUBA diving was as- in the present study smaller specimens Mussel collections by brail were 

sumed to be 100% efficient. Efficiency of Threeridge (< 3.5 cm) and Pigtoe made at 2,663 locations (Tables 1 and 

was calculated for sample efforts in (< 3.0 cm) collected on the crowfoot 2). On 34.3% of these runs mussels 

Pools 3-8 and over a variety of sub- bar accounted for only 0.4% and 2.8% were found. The mussels were not ran- 

strates, but no relationships account- of the brail catch, respectively. domly distributed but were usually 

ing for the variability were. apparent. Smaller specimens of Threeridge clustered at specific areas. Brailing ef- 

Krumholz et al. (1970) also reported (6.5%) and Pigtoe (8.3%) were col- forts produced 8,720 live individuals 

that the brail was not as efficient in lected by SCUBA diving in greater representing 30 species (Table 3). In 

collecting mussels as SCUBA diving in numbers than with the brail. addition, 1,705 juveniles were also col- 

the Wabash River. In comparing the Despite the inefficiency of the crow- lected on the brail. SCUBA diving pro- 

’ two methods, he found that the brail foot bar, it is ‘a useful collecting device vided no new live species but added the 

was only 3.6% as effective as diving. for securing a synopsis of mussel com- shells of 7 additional species not found 

One reported disadvantage of the munity composition because larger among the live mussel specimens (Ta- 

clam bar is its selectivity for larger areas can be sampled per unit time ble 4). Species collected only as dead 

mussels (Bridges 1958). The mean than with SCUBA diving. Further- specimens were: Spectacle Case, 

length and confidence intervals of more, catch per unit effort (CPE) by Buckhorn, Ebony Shell, Bullhead, Ele- 

Threeridge, Washboard, Pigtoe, and brail varied in direct proportion to the phant Ear, Fluted Shell, and Elktoe. 

6 Pimpleback collected by diving and size of the available population for a Threeridge was the most abundant



-_ mo : the brail. Dead specimens collected by 
iving included 6 additional species. A TABLE 1. Scientific and common names of mussels collected in aving 1" 135 adult mussels and 64 

| Pools 3-11 of the Upper Mississippi River, 1977-79. | juveniles were collected in this area by 

Scientific Name Common Name Live/Dead* on eeridge and Pigtoe were the 
Cumberlandia monodonta ‘Spectacle Case | D most abundant species found in Upper 

: Quadrula metanevra Monkeyface L Pool 4, making up 45.9% and 24.4% of 
4 quadnula Wee | the brailed mussels, respectively. 
Q. pustulosa Pimpleback L | Threehorn, Pimpleback, and Deertoe 
Tritogonia verrucosa Buckhorn D were next in abundance and frequency 
Cyclonaias tuberculata Purple Wartyback : L of occurrence. One or 2 specimens were 

| Fusconaia flava Pigtoe L found of 6 other species, plus 1 addi- 7 
F. ebena Ebony Shell D tional from SCUBA diving. 
Aegalonaias gigantea Toad | r Of the 193 runs made in this area, 49 
motema piicata eerlage (25.4%) produced mussels. The larg- Plethobasus cyphyus Bullhead D . 

Pleurobema cordatum Ohio River Pigtoe L est number of mussels brailed at one Elliptio crassidens Elephant Ear D site was 10, representing 6 species. 
E. dilatata Spike | L The substrates where the runs were 
Obliquaria reflexa Threehorn L made comprised three major bottom 
Proptera alata Pink Heelsplitter L types: sand (27.5%), a combination of 
P. laevissima - Pink Papershell L sand and silt (26.4%), and pure silt. 
Leptodea fragilis Fragile Papershell L (21.2%). 
Ellipsaria lineolata Butterfly L 
Truncilla truncata Deertoe L . 
T. donaciformis Fawnfoot L Lake Pepin 
Obovaria olivaria Hickorynut L 
Actinonaias carinata Mucket L Brail collections included 15 live 
cisumia recta arva Piack Sandshell L species and diving added 3 more live 
Lampsilis teres Yellow Sandshell L species. A total of 383 adult mussels L. higginsi Higgins’ Eye L and 137 juveniles were collected in 
L. radiata siliquoidea Fat Mucket L Lake Pepin by brailing. Dead speci- L. ovata ventricosa Pocketbook L mens of 8 more species were discovered 
Arcidens confragosus Rockshell | L during SCUBA dives. The largest 
Lasmigona complanata White Heelsplitter L number of mussels brailed at one site 
L. costata Fluted Shell D | was 16, comprising 4 species. Alasmidonta marginata Elktoe D In Lake Pepin, Threeridge and 
Feeeenig nbecillis | caper re r Pigtoe continued to be the most abun- 
Strophitus undulatus Strange Floater L dant species, acco unting for 32.9% and 
Corbicula fluminea Asiatic Clam — — L 8% or the ral muse! caren , the 
*L=collected live and dead; D=only collected dead. greatest frequency “of occursence on 

the crowfoot bar were Threeridge, 
Pigtoe, and Spike. The percent abun- 

| dance of Spike, Deertoe and Paper 
: Floater in Lake Pepin was the largest 

| | for any of the sample areas. Two spe- 
mussel collected in the study area rep- Pigtoe and Threeridge were the cies that are distinctive of Lake Pepin 
resenting 59.2% of the brail catch (Ta- most abundant species, comprising are the Spike and Fat Mucket. An- 
ble 3). Pigtoe and Pimpleback ac- 42.2% and 21.9% of the total brailed other vernacular name for the Fat counted for 8.7% and 7.8% of the mussel catch, respectively. This is the Mucket is Lake Pepin Mucket. A large brailed mussels, respectively. Three- only pool where Pigtoe was the domi- percentage, 84.2%, of the Fat Mucket 
ridge was found on 21.5% of the runs, | nant mussel species in the catch. collected on the brail during the three 
while Pigtoe had a 12.8% and Pim- Pigtoe was harvested on 9.5% of the years was found in Lake P epin. A sin- pleback an 11.9% frequency of occur- _ runs. Pimpleback and Threehorn were  8/€ Washboard, found otherwise only 
rence (Table 2). as widely distributed as Threeridge, in the lower thr ee pools, was taken by The Purple Wartyback and Yellow —_—_ but were less abundant. Only 1 or 2 SCUBA diving. The only live speci- Sandshell were the only species repre- specimens were found of five addi- | ™e” of Yellow Sandshell collected in 
sented by single live specimens. Speci- tional species. the entire survey area was found in mens of Higgins’ Eye were collected 5 Of the 137 runs made in this pool, Lake Pepin. Pink Papershell and times on the brail and 4 times by div- 16.1% were positive. The most pro- Mucket were also r epresented by single ing. No Fat Pocketbook, live or dead, _— ductive site yielded 5 species and 14 specimens on the brail. 
were found during the study. mussels. Half of the runs were taken Of the 527 r uns’ made in Lake over a sand substrate. Pepin, 142 were positive and 385 nega- 

tive. The substrate in the central por- 
Pool 3 tion of the lake was composed of fine 

Pool 4 silt and organic material and did not 
In Pool 3, 64 live mussels were col- provide a suitable habitat for mussels. 

lected on the brail representing 9 spe- Upper Pool 4 Transects, representing 140 runs, were 
cies (Table 3). Four additional species taken across this area of the lake and 
were found only as dead specimens. No Pool 4 above Lake Pepin yielded 12 accounted for a large percentage 
juveniles were detected in this pool. live species, 11 of which were taken on (36.4%) of the negative runs. These ]
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TABLE 2. The frequency of occurrence of mussels sampled by brailing in Pools 3 through 11 in the Upper Mississippi River, 1977-79. 

Upper Lake Lower Black 

_Pool3 _Pool4 Pepin _ Pool4 Pool5 Pool5A _Pool6 _ Pool? _Pool8 _River_ _Pool9 __Pool10__—-_Pool 11 Total (1977-79) 
No. No. No. No. No. No. No. No. No. No. No. No. No. No. 

Species Runs % Runs % Runs % Runs % Runs % Runs % Runs % Runs % Runs % Runs % Runs % Runs % Runs % Runs % 

Total number of runs 137 193 527 130 194 128 194 179 276 29 222 246 208 2,663 

Threeridge 8 58 22 114 76 144 18 138 11 5.7 7 55 17 88 49 274 45 163 12 414 88 39.6 138 56.1 82 39.4 573 21.5 

Pigtoe 13 95 22 114 65 123 11 85 12 62 3 238 8 41 19 106 14 51 2 69 44 198 81 32.9 48 23.1 342 12.8 

Pimpleback 8 58 11 57 3 O6 14 108 8 41 6 47 7 36 45 25.1 14 #251 - - 54 243 97 39.4 50 24.0 317 11.9 

Mapleleaf - - 1 05 - - - - - - - - - - - - 3 11 - - 45 20.3 63 25.6 58 27.9 170 6.4 

Threehorn 7 51 10 52 10 19 5 38 3 15 2 16 - - 5 28 1 04 - - 13 5.9 43 17.5 32 15.4 131 4.9 

Fawnfoot - - - - 5 09 1 08 - - 108 9 4.6 8 17 #2 O7 - - 25 113 32 13.0 37. 17.8 115 4.3 

Hickorynut - - 1 O58 - - 1 0.8 1 0.5 2 16 10 «5.2 12 6.7 16 5.8 - - 11 5.0 34 13.8 17 8.2 105 3.9 

Deertoe - - 6 31 14 2.7 - a - 1 0.5 7 $39 4 14 - - 17 7.7 30 12.2 25 12.0 104 3.9 

Wartyback - - - - - - - - - - - - - - - - - - - - 19 8.6 47 19.1 38 18.3 104 3.9 | 

Washboard - - - - - - - - - = 2 oe - - - - - - - - 30 135 41 16.7 15 72 86 3.2 

Spike © 1 0.7 1 #05 80 57 3 238 - - - - 2 1.0 1 06 - - = = 19 86 16 6.5 2 10 #475 2.8 

Pocketbook 1 07 2 10 3 06 1 O08 - - 1 08 2 1.0 8 45 9 33 - - 2 09 14 5.7 4 1.9 47 1.8 

Giant Floater - - 1 05 - - 1 08 - - 108 38 15 2 11 5 18 - - 13 59 10 4.1 10 48 46 1.7 

Pink Heelsplitter - - - - - - - - - - - - - - 1 06 1 £04 - - 8 3.6 16 6.5 5 24 31 1.2 

Rockshell - - - - - - - - - - - - - - - - - - - - 4 1.8 8 3.3 15 7.2 27 1.0 

Black Sandshell - - - - 3 06 - - - = = - 4 2.0 2 11 #3 211 =- ~~ ~- 4 18 4 1.6 1 05 21 0.8 

Fat Mucket - - - - 1 28 - - - - - - - - - - - - - - 2 0.9 - - - - 17 0.6 

Strange Floater - - - - - - - - - - 1 08 - - - - - - - - 3 14 8 3.3 4 19 #416 0.6 

Fragile Papershell 1 0.7 - - - - - - 210 4 31 =«- - - - - - = = 2 09 2 0.8 1 05 #12 0.5 

Monkeyface - - - - - - 108 - - - - 2 10 - - - - + = - - 7 2.8 1 05 £11 0.4 | 

Ohio River Pigtoe - - - - - - 3 23 1 05 - - - - - - - - - - 5 23 - - - - 9 0.3 

Paper Floater - - - - 5 09 - - - - - - - - - - - - - = - - 2 0.8 - - 7 0.3 | 

White Heelsplitter 1 07 - - - - - - - - - - - - - - - - - - - - 2 0.8 3 1.4 6 0.2 

Lilliput - - 1 05 3 06 1 08 - - - - - - = - - - - - - - - - - - 5 0.2 

Pink Papershell - - - - 1 02 - - - - - - 1 0.5 - - 2 O07 - - 1 0.5 - - - - 5 — 0.2 

Butterfly - - - - - - - - - = 1 08 - - 1 O06 - - 5 = - - - - 3 14 5 0.2. | 

Mucket 2 15 - - 1 O02 - - - - - - - - - - - - - - - - 1 0.4 - - 4 0.2 

Higgins’ Eye - - - - - - - - - = - - - - - - - - - = - - 3 1.2 1 «(05 4 0.2 | 

Yellow Sandshell - - - - 1 02 - - - - - - - - - - - - -  - - - - - . - 1 <01 

Purple Wartyback - - - - - - 1 08 - - - - - - - - - - - - - - - - - 1 <0O1 

Total number of spp. 9 11 15 13 7 11 12 13 13 2 21 23 22 30



TABLE 3. The number and percent abundance of mussels collected by brailing in Pools 3 through 11 in the Upper Mississippi Rwer, 1977-79. | 

Upper Lake Lower ; Black 

_Pool3 _Pool4 _ Pepin _Pool4 _Pool5 Pool5A _Pool6 _ Pool7  Pool8 River Pool9 _—_—Pool 10 Pool 11_ Total (1977-79) _ 
Species No. % No. % No. % No. % No. % No. % No. % No. % No. % No. % No. % No. % No % Nez % 
Threeridge 14 21.9 62 45.9 126 32.9 60 52.2 27 482 12 33.3 25 27.5 287 63.8 138 57.7 64 92.8 529 42.4 3256 72.1 566 42.9 5166 59.2 | 
Pigtoe 27 42.2 33 24.4 114 29.8 15 13.0 14 250 4 111 18 143 40 89 16 67 5 7.2 101 81 265 5.9 109. 8.3 #8 756 i a 
Pimpleback. 8 125 13 9.6 3 08 15 130 8 143 7 194 8 88 68 15.1 18 7.5. - ~ 117 9.4 301 6.7 118 8.9 684 7.8 | 
Mapleleaf - - 1 07 - - - - - - - = - - - - 3 13 -— - 86 69 138 3.1 194 147 422 48 
Washboard " - - - - - - - - - - - - - - - - - - - 1382 10.6 127 2.8 32 2.4 291 3.3 
Wartyback - - - - - - - - - - - - - - - - - - - - 44 3.5 104 2.3 65 49 213 2.4 
Spike } 1 16 1 07 #71 «185 6 52 - - - - 2 22 2 04 - - - - 77 «6.2 34 0.8 3 0.2 197 2.3 
Hickorynut - - 1 0.7 - - 1 09 1 #18 2 56 15 165 14 3.1 36 15.1 - - 19 1.5 63 1.4 31 2.4 183 2.1 : 
Fawnfoot - - - - 6 16 1 09 - - 1 28 15 165 9 2.0 38 #13 - - 28 2.2 40 0.9 59 45 162 1.9 
Threehorn 9 141 14104 11 29 5 48 3 54 2 56 - - 5 11 1 O04 - - 17 1.4 52 1.2 40 3.0 159 1.8 | 
Deertoe - - 6 44 19 50 - - - - - - 1 11 10 2.2 4 17 - - 28 2.2 45 1.0 41 3.1 £4154 #18 | 
Giant Floater - - 1 07 - - 1 09 - - 1 28 3 33 #3. 0.7 5 2.1 - - 29 2.3 12 0.3 15 1.1 70 0.8 
Pocketbook 1 16 #2415 3 08 #1 =O9 - - 1 28 2 22 8 18 9 38 - -— 2 0.2 15 0.3 TT 05 51 —s(0.6 | 
Pink Heelsplitter - - - - - - - - - - - - - - 1 0.2 1 04 - - 14. 1.1 19 0.4 6 05 41 0.5 | 
Rockshell - = ee - ee - 5 - - - - § 04 9 0.2 16 12 30 0.3 
Black Sandshell - - - - 3 08 - - - - oe - 4 44 2 0.4 3 #13 =- - 5 0.4 5 0.1 1 0.1 23 0.3 
Strange Floater - - - - - - - + = - 1 28 - - - - - - = = 3 02 £12 0.3 5 04 21 0.2 | 
Fat Mucket - eel 1G 4 eee - = - - - - 3 02 - -- - - 19 O2 | 
Monkeyface - ee - - 4 35 - - - - 2 22 - - - eee - - 8 0.2 2 0.2 1 O02 | | 
Fragile Papershell 1 16 - - - - - - 2 86 4 111 -  - + - - - + 2 0.2 2 <0.1 1 O11 12 0.1 | 
Ohio River Pigtoe - ee BB dB ee en 5 04 - ee 10 «O01 

| Paper Floater - = = - 5 18 - - - - - - - 2 - - - = = - - 2 <0.1. - - 4 7) rs 
Butterfly - = = - - a 1 28 - - 1 02 - - = - - - - - 4 03 6 O1 : 
White Heelsplitter 116 - - - ee - - - 5 se - 2 <01 3 02 6 O1 © , 
Lilliput - - 1 07 3 08 1 09 -. - - =. = - - - - - - - - - : 5 O01. 
Pink Papershell - eee 2 OB ee ee ad ek Be la et -  . 5 (Ol 
Higgins’ Eye — - - - - - - - eae - = ee - - 4 0.1 — 1 O41 £56 0.1 | 

| : Mucket 2 31 =- - 1 03 =- - - -' - - + - - - -. - 1 <0O.1. - - . 4 <01 - 
Purple Wartyback — eee Oe eee - - eee - . . - 1 <01 
Yellow Sandshell - - = 1 03 - - «= - - - - - - - = = - - - - - = = 1. <01 
Total number 64 135 383 115 | 56 36 91 450 239 69 — 1247 | 4516 — 1319 8720 | 
Total number of spp. 9 11 15 13 7 11 12 13; 13 2 21 23 22 30 | | |
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TABLE 4. A species list of mussels collected in Pools 3-11 of the Upper Mississippi River, 1977-79, showing specimens taken live or dead by 

SCUBA diving and live by brailing. 

Pool 3 Upper Pool 4 Lake Pepin Lower Pool 4 Pool 5 Pool 5A Pool 6 Pool 7 Pool8 Black River Pool9 Pool 10 Pool 11 

Species Live Dead Live Dead Live Dead Live Dead Live Dead Live Dead Live Dead Live Dead Live Dead Live Dead Live Dead Live Dead Live Dead 

. SpectacleCase  $=- -~—~~ - - - - - - - - - a - - - - - - - se 0 | 

| Monkeyface — - - - - - 0 * 0 - - -' oO .* Oo. - 0: - 0 - - 0 *X Oo *X 0 

Mapleleaf a. - - + - 0 -  O - - - - 7 27 xX ° - *X O XK = -  *X 0° *X O *X.. 0 

Wartyback . - - - - - - - - - - - - - - - - - 0 - - * 0 *X 0 *X . 0 

| Pimpleback *X - * 0 *X 0 *X 0 *X - *X 0 *X 0 *X 0 *X 0 - 0 *X 0 *X Oo. *X 0 

Buckhorn - - - - - 0 - 0 - - - - - 0 - 0 - 0 - - - 0 ~. 0 -. O fF 

Purple Wartyback - - - 0 - - * 0 - - - O - - - - - 0 - - - - - - 

Pigtoe *X 0 + *X 0 *X 0 * 0 *X 0 * 0 *X 0 *X 0 * 0 *X 0 *X 0 *X 860 

Ebony Shell | - 0 - 0 . 0 - 0 - - - 0 - - - - - 0 - - - oO -. oO - 0 | 

Washboard - - - - X - - - - - - - - - 0 - + - - *X 0. *X Oo. *X 0 

Threeridge *X 0 *X 0 *X 0 *X 0 *X 0 *X 0 *X 0 *X 0 *X 0 *X 0 *X 0 *X 0 *X 0 

Bullhead - - - -. - - - - - - - 0 - - - - - - - - 0 - - - - 

Ohio River Pigtoe - - - - x 0 *xX iO * 0s - 0 - 0 - 0 - 0 -- -° * 0 - 0 - . 0 

Elephant Ear - - - - - - - 0 - - - - - - - - - - - - - - - O - 0 | 

Spike. ._—_ * - * - *X 0 *X 0 X - - 0 * - * 0 - 0 - E *X 0 *X 0 . *X 0 

Threehorn *X 0 *X 0 *X 0 * 0 *X 0 *X 0 X 0. *X 0 *X 0 X - *X 0 *X 0 *X. 0 Ff 

Pink Heelsplitter - - - 0 - 0 - 0 D4 0 - 0 - 0 *X oOo *X OO - - *X O *X OO *X O | 

Pink Papershell | - - - - * 0 - 0 - - - - * - - - * - oe - *X 0 X - - 0 

Fragile Papershell * 0 X 0 - 0 - 0 * 0 ‘* - - . 0 xX 0 X 0 - - *X 0 *X. 0 *X ==«<0 

Butterfly - - - - - 0 - 0 - -  * - er 0 + Xx - - - Xx 0 xX 0 *X O 

Deertoe - 0 *X - . *X - - 0 - 0 - - * - *X 0 *X 0 = - *X 0. *X Oo. *X 0 

Fawnfoot - - - - | * 0 *X - - 0 *X 0 * - *X 0 *X 0 - = *X 0 *X 0 *X 0 

Hickorynut - 0 * - = - * 0 * - * 0 + + * 0° *XK 0 - - *X OO *X oO *X 0 
Mucket * oO - 0 *K oO - 0 - O02 - 0 = = 2 2 Oe ee OULU CO 
Black Sandshell - - - 0 * 0 X 0 - 0 - 0. * 0 + 0 * 0 - - *X 0 *xX 0 *X Oo | 

Lilliput - - * - * - * - - - - - - - - ~ - - - x Oo x 0 x 0 

Yellow Sandshell - - - - * - - - - - - - - - - - - - - - - 0 - 0 -. O 

Higgins’ Eye - - - - - - - - - - - - - - - - - - - - 0 *X 0 *X 0 

Fat Mucket - 0 . 0 * 0 xX O - OO - - eo - *% OF xX oO - Oo | | 
Pocketbook * 0 *X 0 * 0 * 0 X 0 * 0 *X 0 *X 0 *X 0 X . *X 0 *X 0 *X «<0 

Rockshell _ - - - - - - - - - - - - - - oe *X 0 *X 0 *X 0 
White Heelsplitter * - - — - - - - - - - - - = - - - - - X oO * 0. *X Oo | 

Fluted Shell - - - - 0 - 0 - - - - - - - - -- - -. - 0 - 0 - - 

Elktoe - - - - _- - - . - - - - - - - . - - - - 0 - ; -  .- 

Paper Floater - - - - * - X 0 - - - eee - - - a. ¢ 0 *X 0 X 0 
Giant Floater - - * 0 X 0 *X 0 X - * - *X 0 *X 0 *X °0 X - *X 0 *X 0 *X 0 

Strange Floater - - - - - - - - - - * 0 - - - - _- - - - *X 0 *X O *X 0 

Asiatic Clam - - - - - - - - - - - - - -  - - - - x 0 - - - - 

Number of dives 4 3 8 5 5 2 3 5 4 1 8 8 6 

X -- live specimen taken by SCUBA; | 

* .. live specimen taken by brail; | 
0 -- dead specimen taken by SCUBA 

| | 7 |



transect runs also accounted for 40.4% site on the brail was 9, representing 3 Threeridge was by far the most | 
of all samples taken over a clay-silt species. The largest number of species dominant species (63.8% of the total a 
substrate. Sand was found on 18.6% of found at one location was 4 and ac- brail catch) and continued to domi- —_ 
the total runs. : counted for 8 mussels. The major bot- nate the catch downriver. Pimpleback | 

| tom types in the area of the runs were and Pigtoe were the next most abun- | 
| sand, a combination of sand and silt, dant species, accounting for 15.1% and 

Lower Pool 4 | and silt, comprising 41.2% , 21.6% and 8.9% of the catch, respectively. Pim- | 
21.1% of the substrates, respectively. pleback, though fewer in numbers, was 

The clam bar yielded 115 adult | as widely distributed as Three- | 
mussels and 10 juveniles, representing 7 ridge (25.1% of the runs compared to | 
13 species in Pool 4 below Lake Pepin. Pool 5A | 27.4%). The five species with the low- | 
7 addition, eon caving adied 3 est percent abundance were repre- | 
ive species and the shells o ea . lv by 1-3 individuals. : 
species. This is the largest number of te covected 36 adult muses sented on 179 runs made in this pool, 

species r presented only by dead sper vies. Dead specimens of 9 mote species 46.9% produced mussels. The largest | 
mens 1n any particular segment or the | Avs r of mussels collected on one 
ontwe study area. . bed f ridge added’ py “Jominaut apties fe runt Was 42, representing 8 species. The : 

reeridge accounted for more . : jority (66%) of the samples were | 
than half (52.2%) of the mussels col- ° wed by, em prenack, Figtoe, “ee d majorny {6 7) ot substrate | | 
lected on the brail in this section. Pim- 33 ‘0 e 19 4%. IL i o and 1 i 1% of 
pleback and Pigtoe each contributed 09 Ney Tee Oy ANG We : 13.0% of the brailed mussel catch. the brail mussel catch, respectively. As 

| Monkeyface, a species rarely taken mm Pool 5, these were taken on a rela- Pool 8 
above Pool 10, was recorded on one run tively small proportion of runs. Only 1 - | 
(4 individuals). The most unique ore specimens were recorded of the 7 Pool 8 yielded 15 live species, 13 of 
specimen collected during the survey — ot . r this po 1 128 run re made which were taken on the brail. Dead | | 
and found only in this section was a a9 4 18 pool, * ti mu The 1 m t specimens collected by diving added 8 
Purple Wartyback, which is and al- an b Pn Pp cel cll t i be eh more species. A total of 239 adult mus- . 
ways has been a rare species in the Up- brail t 0 nite ssens 5 ° a th yome sels and 84 juveniles were collected by - 
per Mississippi River (Fuller 1978). re d t ne sue a th fourths the brail. Threeridge was the most 
Another collection of Purple (65%) f all ru ver ‘taker ourtns abundant species (57.7% of the catch | | 

| Wartyback has been made by commer- "be tte ale Fans were taken over a and present on 16.3% of the runs). 
cial clammers in Andalusia Slough, sand bottom. Hickorynut, Pimpleback and Pigtoe 
Pool 16 (Fuller 1980). Until recently, were the next most abundant species, | 
there apparently have been no living Pool 6 all taken on approximately 5% of the. 
records of this species in Pools 3-11 runs. The percent abundance for 
since the Ellis survey of 1930-31 —— - Pocketbook and Pink Papershell was | 
(van der Schalie and van der Schalie Pool 6 yielded 13 live species, 12 of greater in this pool than in any other 

| 1950). Five other species were repre- which were taken on the brail. Dead part of the study area. | : 
sented by single specimens on the specimens collected by diving added 5 Of the 276 runs made in this pool, | 
brail. more species. A total of 91 adults and 74 (26.8%) produced mussels. a | 

Of the 130 runs, 36 (27.7%) yielded 432 juveniles were harvested. Three- Twenty-five specimens representing 4 _ 
mussels. Eighteen mussels represent- ridge was the most abundant species species were collected at the most pro- | 
ing 3 species were collected with the collected in this pool, comprising ductive site in this pool. Another run 
brail at the most productive site in this 27.5% of the brail catch, and was produced more species, 5, but not as_- | 
area. Another run produced more spe- found on the most runs (8.8%). Both many mussels, 15. More than half of 

cies, 6, but fewer mussels, 11. More | Hickorynut and Fawnfoot each ac- the runs (54.7%) were made over a - 
than half (52.3%) of the bottom types counted for 16.5% of the brailed mus- sand substrate. | 
sampled in this area were sand. sels. Threehorn was collected on the : 

brail in all pools except for Pool 6 | 
where it was only taken by SCUBA 

Pool 5 diving. Deertoe and Pink Papershell Black River 7 
were the only species collected as sin- 

‘In Pool 5, 56 adult mussels and 52 gle specimens. The Black River is a major tribu- 
juveniles of 7 species were collected on Mussels were harvested on 38 of the tary of the Mississippi River which 
the brail. SCUBA diving added 4 more 194 runs. The majority (72.7% ) of drains into Pool 8. Only 2 live species 
live (all of which had been previously runs were taken over a sand or silt and were collected on the clam bar but 

| recorded in northern pools on the brail clay substrate. The most productive SCUBA diving added 4 more live spe- 
except the Pink Heelsplitter) and 5 run in this pool yielded 12 mussels and cies (all of which had previously been 
dead species. Threeridge made up 6 species. recorded upstream in the Mississippi 
48.2% of the brail catch and Pigtoe River) and the shells from 2 additional 
represented 25.0% of the total, but dead species. No juveniles and 69 
were taken on only 5.7% and 6.2% of Pool 7 adults were brailed in the Black River. 
the runs, respectively. Pimpleback Threeridge accounted for 92.8% of 
was next in abundance, with only 1-3 In Pool 7, 563 juveniles and 450 the brail catch (found on 41.4% of the 
brailed specimens taken of the remain- adult mussels representing 18 species runs) and Pigtoe made up the remain- 
ing 4 species. were collected on the brail. Approxi- ing 7.2% (6.9% of the runs). Sand was 

Of the 194 runs made in this pool, mately one-third of all the juveniles the bottom type on 48.3% of the runs. 
only 25 produced mussels. This is the captured in the entire study area were Of the 29 runs made in this area, 12 
lowest percentage, 12.9%, of positive from Pool 7. SCUBA diving added 2 (41.4%) produced mussels. The most 
runs in the entire study area. The larg- more live species and dead specimens productive run in this area yielded 2 
-est number of mussels collected at one of 4 species. species and 20 specimens. 11



Pool 9 | this section of the river. Two live speci- collections exhibited the lowest diver- 
| . 7 | mens, one on the brail and one from sity, while Pool 7 collections had the 

~ In the lower three pools the number diving, were collected on the Iowa side lowest diversity for the Mississippi 
of mussels and their frequency of oc- of the main channel north of Prai- River. 
currence increased markedly. A total rie du Chien; 2 in the East Channel on In general, community diversity im- 

of 26 live species were collected. in ‘a single brail run; 1 on the brail near proves as the number of different spe- - 

Pool 9, 21 on the brail and 5 additional the Glen Haven -landing; and 1 by _ cies in a sample increases, but the 

species by SCUBA diving. Dead speci- SCUBA diving at a site near the Gut- Shannon-Weaver function of commu- 

mens collected by diving added 9 more tenberg Airport. nity diversity is also influenced by how 

species. The brail yielded 1,247 adult The highest percentage of positive _ evenly or equitably the individuals are 

mussels and 18 juveniles. | | runs in the entire study area, 70.7%, — distributed among the species (Lloyd 
Threeridge was the most abundant was recorded from this pool. Of the and Ghelardi 1964). Pool 10 had the 

‘species in this pool, accounting for 246 runs made, 174 produced mussels. most abundant fauna and the largest 

42.4% of the brail catch. Washboard One of the Pool 10 runs produced 164 — number of species found in any area 

(taken for the first time on the brail), mussels and 9 species which is the _ but had a relatively low diversity in- 
Pimpleback, and Pigtoe were next in greatest number of specimens col- dex, due in part to the large proportion 

abundance, making up 10.6%, 9.4% lected at asingle site. Another run pro- (72.1%) of Threeridge. On the other 

and 8.1%:-of the brailed mussels, re- duced more species, 12, but only 48 hand, Pools 5A and 6 had some of the 

spectively. Threeridge, followed by mussels. highest species diversity values but 

Pimpleback, Mapleleaf, and Pigtoe, had CPE values of less than 1.0. 
was the most frequently brailed mus- Threeridge was the most abundant 
sel. Wartyback and Rockshell were Pool 11 | species in all of the pools except 

taken live for the first time (3.5% and a Oo Pool 3, and reached its greatest abun- 

0.4% of the brailed catch, respec- Pool 11 yielded 24 live species, 22 of dance in Pool 10. It was also the most 
tively). Pink Papershell was the only which were taken on the brail. Dead widely distributed, occurring in the 

species represented by a single speci- specimens collected by SCUBA diving _ highest percentage of runs in all pools 

‘men on the brail. Dead specimens of added 9 more species. A total of 1,319 except 3 and 5. Pigtoe and Pimpleback - 
, Higgins’ Eye were collected in this adult mussels and 83 juveniles were were generally the next most abundant 

pool, but no living specimens were collected in this area by brail. : and frequently occurring mussels. 
found. - | | . Threeridge and Mapleleaf were the While some of the mussels were 

- Approximately half of the 222 runs most abundant and frequently occur- found fairly consistently up and down 
(53.2% )- were positive. The most pro- ring species found in Pool 11, followed the river (e.g., Threeridge, Pigtoe, 
ductive run yielded 56 specimens, rep- by Pimpleback and Pigtoe. Fawnfoot Pimpleback, Threehorn, Pocketbook) 
resenting 8 species. Four other runs increased in number and frequency. of or sporadically throughout its length 
had 9 species but not as many mussels. occurrence throughout these last three (e.g., Ohio River Pigtoe, Fragile Paper- | 
CS | a | pools and reached its maximum in shell, Monkeyface) , certain species ex- 

: Pool 11. Black Sandshell and Fragile hibited a definite northern or southern 
Pool 10 : Papershell were the least abundant range within the study area. The Fat 

, species and were represented on the = Mucket is a northern species, found 
~ More live species were collected in brail by single specimens. | only at three locations below its major 

this pool than in any other section of Three Higgins’ Eye were collected concentrations in Lake Pepin. Appar- | 
the study. The clam bar collected 23 in Pool 11: 1 by brailing off Hurricane ently restricted to the more southerly 
species-and SCUBA diving added 4. _—_Island and 2 by diving near the conflu- — pools (9-11) were’ the Wartyback, 
Dead specimens of 6 additional species ence of the Turkey River. | Rockshell, Higgins’ Eye, and Wash- 

| were collected by diving. A total of Of the 208 runs made in this pool, _— board (although 1 specimen of Wash- 
4,516 adult mussels and 89 juveniles 115 (55.3%) produced mussels. The board was taken in Lake Pepin by div- 
were collected on the brail. This is largest number of mussels collected at ing). The Hickorynut increased 
more than three times the number of _ one site was 78, representing 9 species. considerably in abundance and fre- 
adult mussels collected in any other Ten species were found at another site quency of occurrence from north to 
pool, and a higher yield of adult mus- but accounted for only 49 specimens. south. 
sels than the rest of the pools The mean lengths (cm) for the 3 
combined. . predominant mussel species, Three- 

Threeridge dominated the brailed Pool Comparisons ridge, Pigtoe, and Pimpleback, are de- 

mussel catch (72.1%). Next in abun- picted in Figure 4. Trends for average 
dance were Pimpleback, Pigtoe, The average total number of mus- __ size of each species demonstrated a 
Mapleleaf, and Washboard. Three- sels caught per run or the catch per similar pattern of decrease in size 

ridge was found on 56.1%, Pimpleback unit effort (CPE) varied considerably | downstream to a small size in Lake | 
on 39.4%, and Pigtoe on 32.9% of the among pools during this study, ranging Pepin, then increased to maximal 

runs. This is the highest frequency of from 18.3 in Pool 10 to 0.3 in Pools 5 —smean length in Pool 6, and generally 
occurrence for these species in all of and 5A (Fig. 2). Pools 9,10, and 11 decreased in mean length thereafter 
the pools. Mapleleaf was collected on are the areas in the study withthe most downstream. Lake Pepin and Pools 9, 
25.6% of the runs, but the Washboard, abundant mussel fauna. Of these 10and 11 Threeridge populations were 
fifth in abundance, was taken on only areas, Pool 10 had more species, 23, smaller than those in other areas. The 
16.7% of the runs. Mucket was the and the highest CPE. The pools north — smaller mean size of mussels suggests . 
only species represented by a single of Pool 9 did not have as many species _ that the recruitment in those 4 pools 
specimen in this pool. or specimens. may be better than in other areas de- 

More dead and live specimens of Species diversity also varied widely spite the small number of juveniles 
Higgins’ Eye were collected in Pool 10 among pools (Fig. 3). Pools 9, 6, 11, found in these areas. Juveniles are 

than in any other area. Shells repre- and 5A had the highest Shannon- _ found in higher numbers in other pools 
senting 13 dead and 6 live Higgins’ Eye Weaver diversity index values and _ but a higher percentage of them may 

12 were found by brailing and diving in were essentially the same. Black River _not be surviving. This relationship was
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less clear for the other two species. Pink Heelsplitter, White Heelsplitter Buckhorn, Ebony Shell, Elephant Ear, 
In Pools 3-8, only 16 Threeridge less and Strange Floater were once located Bullhead, and Elktoe. Species col- 

than 3.5 cm were collected by diving more universally throughout the study lected by him that were not found in 
and brailing. Ten times the number of area but they are now abundant mainly the present study as live or dead speci- 
small Threeridge, 160, were found by _in the southern pools. | mens were the Fat Pocketbook, Sala- 
diving and brailing in Pools 9-11. Of Dead specimens collected in this mander Mussel (Simpsoniconcha . 
all the Pigtoe collected in Pools 3-8, study verified the past existence of | ambigua), and Ellipse (Actinonaics 
only 6 were less than 3.0 cm. Small many of the species reported by Grier ellipsiformis). Grier also did not find 
Pigtoe harvested in Pools 9-11 num- and Ellis. In Grier’s area only dead an Ellipse. The Fluted Shell was the: 
bered 30. There were 4 Pimpleback specimens represented the following only species not noted by Ellis, but 
less than 3.0 cm found in Pools 3-8 species in 1978: Buckhorn, Bullhead, |§ found as dead specimens in his area 
and 21 harvested in Pools 9-11. This Ebony Shell, Elephant Ear, and Fluted during this study. | 
appears to indicate that recruitment is Shell. No living or dead specimens of There has been a shift in species 
better in Pools 9-11 than the upper Higgins’ Eye, Rockshell, White dominance since the impoundments of 
pools. Heelsplitter, Elktoe, Snuffbox (Dys- the Mississippi River. Threeridge is 

. | nomia triquetra), or Western presently the dominant species, but it 
‘etari . Pondmussel (Ligumia sub- was not the most abundant species col- 

Historical Comparisons rostrata) were collected where Grier lected in pre-impoundment studies 
| previously had reported their done by Grier during 1920. The rela- 

The number of mussel species presence. tive abundance of Pigtoe, Pimpleback, 
present in the Upper Mississippi River Species listed by Ellis that were Mapleleaf and Washboard was also 
Boker (190) note, f camer survey 4 only found as dead specimens in com- greater during the present study than 

note species an i -79 in the Grier survey. Man i Shimek (1921) collected 39 species of parable areas during 1977-79 were the e y any species 

mussels from the McGregor, Iowa re- | | | 
gion in Pool 10. Their sampling loca- 
tions are not precisely known so com- : - | | 

parisons with the present study are not TABLE 5. Comparisons between the abundance of mussels found in the 
possible. However, only 27 species Upper Mississippi River in surveys by Grier (1920), Ellis (1930-31) and 
were found from all of Pool 10 in this DNR (1977-79) (percent of total catch). a . 
study. sO 

Grier (1922) reported 37 mussel Grier (1920) Ellis (1930-31) DNR (1977-79) 
species from his entire study area, Species (Pools 4-6) (Pools 4,7-10) (Pools 3-11) 
which included segments in what are Ebony Shell 3.0 0.3 - 
now Pools 4-6 (Table 5). Sampling Ohio River Pigtoe 1.5 0.3 0.1. | 

| during the present study in Grier’s Hickorynut 7.0 | 1.6 2.1 
area produced 26 species. This repre- Pimpleback 800 3.3 7.8. oe 
sents a 30% loss of mussel species. Mapleleaf <100 0 <0.1 | «48 
Grier divided his study area into 10 Monkeyface _ 4.7 0.9 0.2 
sections. When these areas are looked rwrple Wartyback <10 <O.1 <O.1 

qe . reehorn 1.7 2.4 1.8 
at individually, the greatest species de- Pigtoe 79 45 87 
crease was at the northernmost part of Threeridge | 9.7 8.5 59.2 
his study in Upper Pool 4 where the Washboard <1.0 0.9 33 
drop in species was 70%; the lowest Buckhorn <1.0 7.5 - 
species reduction, 40%, was in the area Mucket 2.4 1.2 <0.1 

of what is now Lower Pool 4 and Higgins’ Eye <1.0 0.1 0.1 
Pool 5. Fat Mucket 14.4 10.1 0.2 

In 1930-31 Ellis collected 38 species Butterfly <1.0 0.6 0.1 
from areas in Pools 4, 7, 8, 9, and 10 peers 1.1 17 1.8 

. . ocketbook 12.2 7.8 0.6 
(van der Schalie and van der Schalie Yellow Sandshell 1.5 17.4 <0.1 
1950). Four of Ellis’ 14 study zones Black Sandshell 31 11 0.3 
were within the present study area, Western Pondmussel <1.0 - . 
and corresponding runs taken in this Bullhead <1.0 <0.1 - 
survey yielded 30 species. This repre- White Heelsplitter 1.4 1.2 0.1 

sents a 21% species loss. The zone Fluted Shell - <1.0 - - 
with the greatest species reduction, Pink Heelsplitter 3.9 6.6 0.5 
47%, was in a section of Lower Pool 4 Rockshell <1.0 0.2 0.3 
and the area with the least reduction, epnant Ear <1.0 <0.1 : pike 3.8 4.2 2.3 
4%, was located in parts of what are Elktoe <10 01 : 

now Pools 7, 8, and 9. Fawnfoot <1.0 0.2 1.9 
In comparing the Grier and Ellis Giant Floater 5.9 5.3 0.8 

surveys with the present one, the Paper Floater 1.3 0.6 0.1 
number of species collected varied Strange Floater 1.5 1.4 0.2 
greatly between areas and time periods Fragile Papershell 4.1 8.8 0.1 
sampled. In all cases, however, both of Pink Papershell <1.0 0.3 0.1 
the earlier collections contained more Lilliput <1.0 0.2 0.1 
species per equivalent sample area nex <L0 " " . ; yback - 0.3 2.4 
than were found during this study. Salamander Mussel ; <01 : 
These two early surveys found the But- Ellipse . 0.2 . 
terfly throughout the entire study area Fat Pocketbook - 0.2 - 
but it is now found in modest popula- ae 
tions mainly in the lower pools. The , 15



markedly decreased overall from 1920 Fragile Papershell. Mussel species diversity in collec- 
to 1977-79, including Hickorynut, _ The Lilliput is more widespread to- tions made by Finke (1966) also varied 

Monkeyface, Mucket, Fat Mucket, day than previously reported by Grier between the pools (Fig. 3). The great- 

Pocketbook, Pink Heelsplitter, Giant (1922). Fuller (1980) also found this est species diversity in both the Finke 
Floater, and Fragile Papershell. | to be the case. It was not even consid- and present study was in Pool 9. The , 

The relative abundance of mussels ered a regular part of the fauna by the lowest species diversity found in the 

| has also changed considerably since van der Schalies (1950). Because of Finke survey was in Lake Pepin. The 
the 1930-31 Ellis survey. Threeridge its small size, it is probably much more species diversity was greater in Pools 5 | 
has increased the most, from 8.5% of common currently than collection and 7 in the 1965 survey than in the 
the total catch in 1930-31 to 59.2% in records indicate (Mathiak 1979). 1977-79 study. However, 1977-79 mus- 
1977-79. Mapleleaf, Pimpleback, and The Finke survey (1966) of Lake sel collections in Lake Pepin, Pool 6, 
Pigtoe accounted for 4.8%, 7.8%, and Pepin, Pools 5, 6, 7, and 9 yielded 23 and Pool 9 were significantly more di- 

8.7% of the brail catch in 1977-79 but species (Table 6). In comparable verse than similar collections made in 
only < 0.1%, 3.3%, and 4.5% of the areas with equivalent effort, the 1965. This increase in diversity since 
1930-31 catch, respectively. Wash- present study noted 27 species. In 1965, however, was probably more ap- 

board, Wartyback, and Fawnfoot were Pool 9, more species (21) were noted parent than real. The smaller number 
also substantially more numerous in in the present study than were ac- of runs made by Finke in 1965 may 
the present survey than in the Ellis counted for by Finke, who found 18 have resulted in a sampling error show- 
study. The Yellow Sandshell showed ‘species. In his other areas of study, ing less species diversity. Further loss 
the greatest decrease in relative abun- Lake Pepin, Pools 5,6,and7,Finkere- of marginal mussel populations (i.e., 6 
dance between the two surveys; it went ported 21 species while 22 living spe- species represented by 5 or fewer speci- 
from 17.4% in the Ellis survey to less cies were found in comparable areas by mens) may produce a shift to net loss 
than 0.1% in the 1977-79 study. Frag- the current study. Two species, the in mussel species diversity if trends 
ile Papershell, Fat Mucket, and Pock- Higgins’ Eye and Ebony Shell, col- — continue. — 
etbook also dropped in abundance _lected live by Finke, were only found as Mussel densities (CPE) were al- 
from 8.8%, 10.1% and 7.8% of the dead specimens in his study area in ways greater in 1965 than in 1977-79, 
catch, respectively, in the earlier study 1977-79. Finke did not find the follow- with the exception of Pool 5 where they 
to less than 1.0% of the catch in the ing species live that were collected in were the same (Fig. 2). The CPE was 

, 1977-79 survey. Other mussels show- comparable areas with equivalent ef- 4 times greater in Lake Pepin during 

ing declines included Fat Mucket, _fort in this survey: Wartyback, Paper 1965 than in 1977-79, 3 times larger in 
Pocketbook, Yellow Sandshell, Pink —§ Floater, Mucket, Lilliput, Rockshell, Pool 6, 2 times greater in Pool 7, and 
Heelsplitter, Giant Floater, and Fawnfoot and Ohio River Pigtoe. slightly larger in Pool 9. The sparse 

TABLE 6. Comparisons of the relative abundance (%) of mussels collected by brailing in Pools 5, 6, 7, 9, and Lake 

| Pepin by the Wisconsin Department of Natural Resources surveys of Finke (1965) and Thiel (1977-79). 

Lake Pepin Pool 5 Pool 6 Pool 7 Pool 9 

Species 1965 1977-79 1965 1977-79 1965, 1977-79 1965 1977-79 1965 1977-79 

Threeridge 71.5 32.9 42.1 48.2 52.3 27.5 60.6 . 63.8 29.7 42.4 

Pigtoe 11.2 | 29.8 - 25.0 7.5 14.3 8.7 8.9 14.8 8.1 

Pimpleback 0.3 0.8 21.1 14.3 13.1 8.8 20.0 15.1 24.9 9.4 

Mapleleaf - - - - - - 0.2 - 3.6 6.9 
Threehorn - 2.9 - 5.4 3.7 - 1.5 1.1 1.2 1.4 
Fawnfoot - 1.6 - - - 16.5 - 2.0 - 2.2 
Hickorynut - - - 1.8 1.9 16.5 5.2 3.1 4.1 1.5 
Deertoe - 5.0 - - - 1.1 0.2. 2.2 0.1 2.2 
Wartyback - - - - - - - - 3.5 
Washboard - 7 - - - - - - - 5.8 10.6 
Spike 0.8 18.5 - - 4.7 2.2 - 0.4 3.0 6.2 

Pocketbook 1.0 0.8 - - 3.7 2.2 0.2 1.8 0.5 0.2 

Giant Floater 1.3 - 5.3 - 2.8 3.3 0.7 0.7 5.0 2.3 

Pink Heelsplitter 0.8 - - - - - 0.2 0.2 2.9 1.1 
| Rockshell - - - - - - - - - 0.4 

Black Sandshell 3.4 0.8 10.5 - 7.5 4.4 0.5 0.4 1.6 0.4 

Fat Mucket 8.4 4.2 5.3 - - - - - 0.1 0.2 
Strange Floater - - 5.3 - - - - - - 0.2 
Fragile Papershell 0.3 - - 3.6 - - - - - 0.2 
Monkeyface - - - - - 2.2 0.7 - - - 
Ohio River Pigtoe - - - 1.8 - - - - - 0.4 
Paper Floater - 13 - - - - - - - - 

White Heelsplitter - - - - - - - - - - 
Lilliput - 0.8 - - - - - - - - 
Pink Papershell - 0.3 5.3 - - 1.1 - - - 0.1 
Butterfly 0.3 - 5.3 - - - 0.5 0.2 1.9 - 

Mucket - 0.3 - - - - - - - - 
Higgins’ Eye - - - - - - 0.5 - - - 

Yellow Sandshell 0.8 0.3 - - 1.9 - - - 0.6 - 
Purple Wartyback - - - - - - - - - - 
Ebony - - - - 0.9 - - - 0.1 - 
Buckhorn - - - - - - - - 0.1 - 

16 | |



TABLE 7. Average length and height of mussels subsampled from commercial clamming operations in 

| 1977 and 1978. | | 

Length (cm) Height (cm) 

a Year Species No. Percent Avg. Range Avg. Range 

1977 Washboard 749 51.4 15.5 12.1-19.0 10.8 . 7.2-16.6 . 

, Threeridge 697 . AT9 9.6 7.6-12.5 7.8 6.3- 9.2 
Mapleleaf 8 05  — 8.5 7.9- 9.0 7.1 6.5- 7.7 

Pimpleback 2 0.1 7.7 7.3- 8.0 | 7.3 7.0- 7.6 

1978 Washboard 621 48.2 15.2 11.4-19.0 10.6 8.5-13.0 

: Threeridge 640 49.7 9.5 7.4-12.0 7.2 5.8- 8.5 - 

. Mapleleaf 24 1.9 8.2 5.8- 9.6 7.2 6.1- 8.5 

, | Pigtoe 1 0.1 6.8 - 7.0 - | | 
. Pimpleback : 3 0.2 8.4 - 7.4 7.0- 7.7 

Total | 
1977-78  Washboard 1,370 49.9 15.4 11.4-19.0 10.7 7.2-16.6 

Threeridge 1,337 48.7 9.6 7.4-12.5 7.3 6.8- 9.2 

Mapleleaf 32 1.2 8.3 5.8- 9.6 7.2 6.1- 8.5 

Pigtoe 1 <0.1 6.8 - ~—70 - : 
| . Pimpleback 5 0.2 8.1 7.3- 8.4 7.4 7.0- 7.7 | 

-mussel populations in Pool 5 in both amined mussels were Threeridge and though Threeridge is the most abun- 
1965 and 1977-79 were probably Pimpleback. Since no Washboard dant species in the study area, the 
caused by the negative impact of the specimens were collected during 1977, catch rate appears too low in Pools 3-8 
Chippewa River’s bedload. there were no gravidity data for this to make harvest economical. However, 
Threeridge, Pigtoe and Pimpleback species. The first gravid mussels noted Threeridge is numerous in Pools 9 and 
dominated the catches during both at the start. of the survey in May were 10, making up 65.7% of this study’s 
studies, but since the CPE was larger Threeridge and Pimpleback. Of the 54 catch in these areas. In Pools 3-8, only 
in 1965 than in 1977-79, the density of Threeridge dissected, the minimum a single live specimen of a Washboard 
these species has apparently also length of a gravid female was 5.3 cm was collected by this survey, but Wash- 
declined. , and the maximum was 11.5 cm. The board made up 4.5% of the catch in 

A significant difference in mussel size range of the 23 gravid Pimplebacks Pools 9 and 10. | 
length is implied when confidence in- that were examined was 4.2 to 8.6 cm. The location of recent historical 
tervals of compared groups do not When the minimum lengths of beds in Lake Pepi du Pool 4 , . ; pin and Upper Poo 
overlap (Fig. 4). Mussels collected in gravid females are applied to the were mapped b ‘al clam- arr i pped by a commercial clam 
1977-79 were significantly longer than length frequency data from brailing mer. Worth Emanuel. Onlv 1 . _ - . , . y 13 of the 
in 1965 for 5 of 13 cases of comparable and diving, the majority of Threeridge 597 runs made on Lake Pevi d 

. . . . pin and 8 of 
data. During 1977-79 Threeridge col- and Pimpleback mussels taken during the 193 runs from U Pool 4 in 1978 

. . . , . pper Pool 4 in 
lected in Pools 6 and 7, Pigtoe in Pool the study were mature specimens. The ‘elded 

: : < yielded more than 5 mussels. Of the 
7, and Pimpleback in Pools 6 and 7 percent of the sampled Threeridge and more ducti 

. . productive runs made on Lake 
were larger than those species collected Pimpleback large enough to be sexu- Pepi dU Pool 4 - 
. ee . pin an pper Pool 4, 10 corre 
in 1965. In only two cases did speci- ally mature were 91.4% and 86.4%, sponded to commercial beds. This sug- 

mens collected in 1965 have a greater respectively. gests that historical beds in these areas 

mean length than those collected in are no longer productive enough to 
1977-79: Threeridge and Pigtoe from support commercial clammers. No 

Lake Pepin and Pool 9. This may indi- COMMERCIAL HARVEST mussels are currently being harvested 
a better recruitment in these: areas commercially in this area. 

oday. 
4 Washboard and Threeridge are the In 1977, 98% of the mussels were 

two most commercially important spe- taken from Iowa backwaters in Pool 10 

GRAVIDITY cies of mussels in the Upper Missis- and the remaining 2% came from pol- 
sippi River. According to subsamples lywoggers working in the shallows near 
taken from commercial mussel piles Prairie du Chien. Due to low water 

Marsupia are the areas of the fe- during 1977 and 1978, Washboard rep- conditions during 1977, clam bars were 
male gills where eggs and glochidia, resented 49.9% and Threeridge ac- not used because the river current was 
larval mussels, are found during the re- counted for 48.7% of the catch (Ta- too slow to propel the mule-driven 

' productive season. Usually, the ble 7). Mapleleaf, Pimpleback and boats. (A mule is an underwater can- 
glochidia are released into the water Pigtoe comprised less than 2% of the vas sail used to direct the boat down- | 
and attach to a species-specific host commercial catch. Even though Wash- stream.) Diving rigs were the only gear 

fish (Bridges 1958). During the first board and Threeridge were taken in utilized in 1977. A maximum of 12 div- 

year of study, some of the mussels were about equal numbers, the Washboard ing rigs were in operation at one time. 

examined in the field. If examination is more massive and accounted for a In 1978, mussels were collected in 

of the marsupia revealed the presence larger proportion of the tonnage. Pools 9 and 10 from both Wisconsin 

of eggs or glochidia, the mussels were Pools 9 and 10 are the! only areas and Iowa waters, with 69% taken from 

recorded as gravid females. where both Threeridge and Wash- Iowa and the remaining 31% from 

Gravidity data were collected for 13 board are abundant enough to make Wisconsin. A total of 9 brailing boats 

species, but the majority of the ex- commercial harvest profitable. Al- were leased by commercial clammers 17
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from the buyer during the summer of ble 7). Washboards harvested by turbance to the endangered species 
1978. Two diving rigs were used during brailing and diving in this study num- than brailing because the mussels 
August and September to harvest bered 507. Only 11.2% of the sampled could immediately be put back in the 
mussels. Washboards were as large as or larger substrate. 

The local buyer for the Tennessee than the subsampled commercial aver- More field data need to be compiled 
Shell Company in Prairie du Chien age of 6.1 inches. Threeridge from the on the effect the brail has on mussels. 
purchased 150 tons of green or un- commercial shell pile had an average Some authors (Miller 1972, Imlay 
cooked mussels during 1977 and 124 length of 3.8 inches (9.6 cm). Of the 1972a) believe that the brail can cause 
tons in 1978. He, in turn, sold cooked 5,166 Threeridge captured by brailing injury or death to undersized and non- 

shells to the Tennessee Shell Company during the present study, only 11.4% commercial mussels and the mussels 

of Camden, Tennessee. The price of a were as large as or larger than the sub- returned to the water are not able to 
ton of green mussels in 1977 was $100 sampled commercial average. re-orient themselves in the substrate. 
and $140 in 1978. In order to be ac- Diving is a much more effective Fuller (1974) noted that gravid fe- 

ceptable to the commercial clam buyer method of collecting mussels com- males may abort eggs when disturbed. 
during this period, Washboard had to pared to brailing, which removes only Some species of mussels are still 
be 4 inches (10.2 cm) and Threeridge about 1% of the mussel population. suffering from overharvesting during 

2.75 inches (7.0 cm) in the smallest During 1977, divers accounted for 98% the button era. The reduction of 
dimension. of the commercial harvest. An experi- breeding stock was too great and repro- 

The minimum legal size limit for enced diver can determine the com- duction did not offset mortality. De- 
mussels taken from both Wisconsin mercial species and size of the mussels creased abundance of Butterfly, Muck- 
and Minnesota waters is 1.75 inches by touch alone. This prevents under- et and Yellow Sandshell today is due at 
(4.5 cm). Iowa has no size limit regu- sized mussels and noncommercial least in part to excessive commercial 

lations. Washboards subsampled from mussel species from being accidentally harvest in the early 1900’s (Fuller 
the commercial clammers’ piles aver- brought to the surface. In areas with 1978). 
aged 6.1 inches (15.4 cm) in their known populations of endangered 

18 greatest dimension or length (Ta- mussels diving would cause less dis-



BOTTOM TYPES AND mae ae ae 
WATER DEPTHS Be Sa ae eG ae PP ieee ar ee Larsen and Holzer (1978) con- ee oe a gaa a 
cluded that hard substrate and stabi- Cae oy ead ‘aa oh SS) an lized sand in Pools 5A-8 provided oe Pe. Nae ue a. prime mussel habitat. However, after Cae oe r ee bea SCUBA surveys in 1978, it became ap- om = a ws Ree parent that the bottom sediment data a ee val poo RR, ere OS from this study were not adequate to “tae oe ae Fen he) a eS we 
define limiting factors controlling hc A MR a 7 Aare AO a Rel quality of mussel habitat. Sediment Bally operon ah sain Senay a me voit 
types varied considerably within a sin- ee RT ERE 8 OS Ok Re SE eT RR ar Bray 
gle brail run and mussel densities on tae te ce Da. Se e oS 
similar substrates varied greatly be- Ber ea oceans se bias leiptysdhisdevnivut Avdasto onal aan irftidogsts tween locations. Other studies (Fuller eee Ra ey 3 Bes 1978, Coon et al. 1977) had similar oa i ‘ ee difficulties in demonstrating a rela- - "t ‘ Pee ge tionship between substrate and mussel : Lee densities. Pg pee ome 5 The water levels during the summer ri £ ‘ - 2 of 1977 and the summer of 1978 varied * Po kom Pes «* “a4 as much as 6.1 ft. The difference in Sat. <2 ve water stages within the same summer as ¥ WP iy eS ee as. iy, q 
varied considerably also. This made it — ee a ee a ae : 
impossible to validly compare water Female (upper two) and male (lower two) Higgins’ depths with sites and species. Fuller Eye mussels. 
(1978) abandoned attempts to record 
water depths after it became evident 
that changing river stages invalidated The shells of 11 dead Higgins’ Eye The Asiatic Clam poses a potential 
comparisons between and among sites were found in Pool 9, but no live speci- threat to the native unionid mussels in 
and taxa. mens were collected. Pool 11 yielded 3 the Upper Mississippi River drainage. 

live and 1 dead Higgins’ Eye. Since the Asiatic Clam does not form 
In this study as well as in other re- glochidia, it needs no fish host in its life ENDANGERED SPECIES cent investigations, more Higgins’ Eye history. This gives it a decided com- 

, have been taken from Pool 10 of the petitive advantage over other mussels 
Upper Mississippi River than in any (Krumholz et al. 1970). Fortunately, The Fat Pocketbook, a federal en- other pool (Fuller 1978, Mathiak 1979, the habitat preferences of the Asiatic dangered species, has historically been Havlik and Stansbery 1978). The Clam and most unionid mussels in the collected in the Upper Mississippi Pool 10 collection from 1979 had 6 live Upper Mississippi River probably are River (Shimek 1921, van der Schalie and 13 dead specimens. More specifi- dissimilar (Fuller 1980). The Asiatic 

and van der Schalie 1950). However, cally, the East Channel at Prai- clam prefers a sand substrate which is no living or dead evidence of this spe- rie du Chien has yielded more Hig- not the desired bottom for most Mis- cies has been recorded from Pools 3-11 gins’ Eye than any other area. Of the 5 sissippi River unionids. 
since the earlier surveys. The Fat live Higgins’ Eye taken on the brail in 
Pocketbook presently is extr emely rare 1979, 2 were collected from one site in 
or extirpated in the Upper Mississippi the East Channel. A dead specimen COMPARISONS WITH River. was also collected in the East Channel 

The Higgins’ Eye mussel is a state by SCUBA. STATEWIDE 
and federal endangered species. It is POPULATIONS basically a big river species found in 
the Mississippi River drainage above AN EXOTIC SPECIES 
the confluence of the Missouri River. With the appearance of Mathiak’s Historically it was never abundant (1979) recent work on the current (Shimek 1921, Baker 1928, The Asiatic Clam was found live distribution of mussels throughout 
van der Schalie and van der Schalie during brailing and diving operations Wisconsin, some interesting 
1950), and its range and numbers in only in Pool 9. However, dead speci- comparisons can be made. The 3 most the main stem of the Mississippi River mens were found along the shore in abundant species in the Upper have become greatly diminished. Pools 10 and 11, suggesting their pres- Mississippi River (Threeridge, Pigtoe 
Specimens of Higgins’ Eye have been _ ence in these pools also. and Pimpleback) are also widespread taken at single sites from both the This exotic species was not thought in the state. On the other hand, the St. Croix and Wisconsin Rivers to inhabit the Upper Mississippi River species of greatest abundance and (Fuller 1978, Mathiak 1979). How- north of Cairo, Illinois until Eckblad occurrence throughout the state, the ever, all other recent records of this (1975) reported finding it near Lan- Fat Mucket, was found on the River in species are from the main stem of the sing, Iowa (Pool 9) in an effluent only 2 pools. Of 11 species found in low Mississippi River; current records in channel of a power-generating plant density (each comprising 0.1% or less the main stem range from Brownsville, and elsewhere. It has apparently of the brailed catch), 5 were also rare Minnesota to Oquaqua, Illinois (Imlay spread even farther north because in the interior of the state: Yellow 1971, Larsen and Holzer 1978). Fuller (1978) found specimens in the Sandshell, Purple Wartyback, Higgins’ During the present study, no Hig- St. Croix River near Hudson, Eye, Pink Papershell, and Butterfly. gins’ Eye were collected in Pools 3-8. Wisconsin. The remaining 6 were found regionally 19



or statewide. Fluted Shell, Elktoe, that lethal limits of silt coverage on ex- impounded, created an unfavorable 

Ellipse, Bullhead, and Salamander perimental mussel beds varied from habitat for the survival of young mus- 

Mussel are species once collected in the 0.25 inch for the least resistant species sels and decreased the species diver- 

Upper Mississippi River but are now to 1.0 inch for some of the most resis- sity. The small number of juveniles 

found live only in other waters of the tant species. Yokley (1976) found that found in this study could also be the re- 

state. The Wisconsin range of 4 species mussels collected downstream from a sult of siltation. 

is confined to the Mississippi River: dredging site had slower growth rates The most highly restrictive ecologi- 

Butterfly, Wartyback, Washboard, than mussels sampled upstream from cal factor for unionid mussels is a shift- 

and Ebony Shell. . the site According to a study done on we sane ron may and Leonard 
ools 8, 9, an of the Mississippi . Clark (1976) noted that stream 

| | River (Coon et al. 1977), areas of re- bottoms of silt and sand are usually 

FACTORS AFFECTING cent dredging produced few, if any, live unstable. Such constantly shifting 

MUSSEL DISTRIBUTION musse’s even thoug® the dredge ‘Spols bottom emits or prevents the oe 

of these areas contained many shells. ishment of mussel beds. Stern (1978 

AND ABUNDANCE 7 Another result of the impoundment found that mussels were least abun. 
of the MississiD ps River has been the dant or absent entirely from shifting 

oe . _ heavy barge traffic powered by tow- sand bottoms in the Wisconsin River. 

Impoundment, Dredging boats, which seriously disrupts the The Chippewa River bedtead hic 

~ and Navigation subatrate i ee and increases torically formed a natural dam at the 

the turbidity (Coon et al. 1977, Star- foot of Lake Pepin. Large amounts of 

| The impoundment of the Missis- -rett 1971). _ The first barge through sand from the Chippewa River con- 

-sippi River to allow for navigation, Lake Pepin in the spring caused a ten- tinue to contribute great quantities of 

dredging to maintain the channel, and fold increase in suspended solids im- bedload to the Mississippi River and 

the direct effect of barge traffic have mediately after passage (Great I are responsible for about 20% of all | 

all had an impact on the mussel fauna. 1978). A field study on the Mississippi maintenance dredging along the Mis- 

The lock and dam system on the Upper River near the mouth of the Minnesota sissippi River within the St. Paul U.S. 

Mississippi River was installed in the River revealed that turbidity returned Army Corps of Engineers District, 

1930’s (U.S. Army Corps of Engineers to ambient levels within 30 minutes af- Pools 1-10 (Great I 1980). The area 

1974). Impoundment reduces the cur- ter barge tow passage at the surface, downstream from the Chippewa’s en- 

rent and provides habitats that are less and after a somewhat longer-period at try into the Mississippi River has to be 

| - guitable for some river-dwelling mus- the bottom (Colingsworth et al. 1973). frequently dredged to allow naviga- 
sels (Isom 1969). The reduction of The effect of navigation on mussel tion. The largest number of species 

current also causes a more rapid depo- communities has yet to be fully represented only by dead specimens 

sition of silt, which is the most detri- documented. was found in Lower Pool 4, just down- 
mental of the adverse effects associ- stream from the Chippewa River, indi- 

ated with damming (Fuller 1974). Siltation and Sedimentation cating that historic beds were in this 

Pre-impoundment studies done by area but one no vonger pe esent. 4 

Ellis in 1930-31 (van der Schalie and a ogs ays as been verified that sediment 

van der Schalie 1950) and Grier the dene one ne cause for from the Chippewa River affects the 
. pecies in the ve ee ay: 

(1922) reported more species than Upper Mississippi River. The deposi- Mississippi River as far downstream as 

were found in the same areas by Finke tion of sedi Ppt! one deposl: Pool 5A (Great I 1980). The sparse 
of sediment in the Mississipp1 . 

(1966) and the present study. Im- River and its backwater has continued mussel fauna found in Pools 5 and 5A 
. ued, 1 

poundment is probably one of the sev- especially since its impoundment i is probably the result of an unstable 

eral reasons for the faunal decline. P y por a sand substrate caused by the discharge 
Impoundment has been detrimen- the 1930’s. Recent studies in Pools 7, 8, from the Chippewa River 

- tal to some mussel species and benefi- and 9 have ind tcated that sediments | 
“al “This are accumulating at a rate of 0.7 to : ops 

cal tothe, This deinparttothe 29 on per year Great 280). Species Adaptabilty 
cific bottom type and others are found Silt has a smothering elfect meer . 
on a variety of sediments. Less adapta- species by clogging the gills with sedi- Threeridge was the most abundant 

ble species tend to be i oradic or re. ment or stimulating excess mucus se- mussel in the study area. The domi- 

stricted and widely a Javtable species cretion (Stansbery 1970). Ellis (1931) nance of Threeridge has been docu- | 

tend to be Wane litan ' Cuancare noted that siltation causes many spe- mented in other recent investigations 

1975) Pp cies to ne eliminated or greatly reduced of the Upper Mississippi River (Finke 

in numbers. He reported that silt re- 1966, Fuller 1978, Coon et al. 1977, 

| ee (1978) concluded that chan- sulting from erosion was especially del- Havlik and Stansbery 1978). The 

nel maintenance dredging and associ- eterious to young mussels. Threeridge was able to adapt to the 

ated ace have only a minor im- The bottom of Lake Pepin in 1912 changing river substrates since im- 

Oo 4 - Tes yeter mussels. In a consisted of fairly coarse gravel mixed poundment. Imlay (1972b) noted that 

study Se bil; to determine emer- with mud (Wilson and Danglade the Threeridge is a very tolerant spe- 

B ateri TM 1 a, ‘rom arouse spoil 1914). As early as 1930, Ellis (1931) cies that can survive on mud, sand or 

fou tha : over BOG, “ft th r Ment noted that siltation drastically reduced gravel. 

and Pocketbook ’ ad the ability Fo mussel populations in Lake Pepin. The Fawnfoot is another silt-toler- 

emerge from about 7 inches of sated or Finke (1966) and the present study ant species capable of surviving on 

silt overlays. found a great, abundance of silt in Lake substrates waniee other Speci 

. epin. No adult unionid mussels an not tolerate is , ocruggs 1960). 

offen investigators have "oun the limited numbers of juveniles were Due to their small size, they are not ad- 

vine decrees 8 Sry dies done bv I ey found in the silt-laden central portion equately sampled on the clam bar 

(1972a) 8 demonstrated that uss le of the lake. Scruggs (1960), Bates (Fuller 1978). In 1977-79, 339 

generally fail to climb out of smother. (1962) and Isom (1969) documented Fawnfoot were collected by SCUBA . 

0 fag conditions. Ellis (1936) reported that extensive silt deposits, accumu- diving while only 162 were sampled on 

lated since the Tennessee River was the brail. Consequently, the Fawnfoot



population in the Upper Mississippi Wartyback were also more abundant are now extremely rare. The area occu- 
River may be significantly greater than - during the present study than before pied by natural rocky areas and man- 
indicated by recent mussel surveys. impoundment (van der Schalie and made wing dams has decreased due in 
Many of the juveniles sampled during van der Schalie 1950). Fuller (1978) part to elevated sedimentation rates 
the survey were Truncilla spp. also reported that these species do not and dredge disposal activities. Collec- 

Other species have exploited the have narrow habitat requirements and tively, these species were never histori- 
| impounded conditions of the Missis- can survive on a variety of substrates. cally abundant, but with the exception 

sippi River. The Mapleleaf was identi- Some species have not fared as well of one live Purple Wartyback, only 
fied by Ortmann (1925) as a mud-lov- in the impounded river. According to dead shells of these species were col- 
ing species. This species was 48 times Fuller (1978), the following species lected during 1977-79. These species 
more numerous in the present study prefer gravel or rocky areas: Spectacle are on the verge of extinction in the 
than in the Ellis’ pre-impoundment Case, Buckhorn, Fluted Shell, Elktoe, Upper Mississippi River because of 
study of 1930-31, Fuller (1978) noted and Purple Wartyback. Rocky habi- their stringent habitat requirements. 
that this species can tolerate impound- tats never have been commonplace in 
ment. Pigtoe, Pimpleback and the Upper Mississippi River, but they | | 

The Mississippi River has under- and 9 and Lake Pepin since 1965. The needed to determine what effects navi- _ 
gone a succession of changes in the last Higgins’ Eye, a state and federal en- gation, with the resulting substrate 
century. Heavy exploitation of mus- dangered species, was found only in disruption, has on the mussel fauna. 
sels during the heyday of the pearl but- Pools 9, 10, and 11. Pool 10 supports Endangered as well as more com- 
ton industry, the development of the more species and the most abundant mon mollusks cannot continue to exist 
lock and dam system, habitat destruc- mussel population in the entire study unless their environment meets at 
tion, dredging, pollution, and siltation area. = least the minimal requirements for 

| have dramatically affected mussel During the present study, commer- survival. Restraints on collecting and 
habitat and population status. Com- cial clamming was nonexistent in Pools possession are of no value if the habitat 
parison of the present data with earlier 3-8. The absence of commercial clam- is destroyed (Taft and Stansbery 
studies and the collection of 7 species ming in this area is due to the low 1976). All existing mussel beds and 
only as dead specimens indicate a defi- abundance of commercial mussel spe- prime mussel habitat should be pro- 
nite trend toward reduction in species cies. Mussels are currently being com- tected and managed. Wing dams and 
numbers, diversity and absolute abun- mercially harvested only in Pools9and __ rock rubble substrates are of special 
dance. Mussel populations in the Up- 10. These are the only areas where the concern. These areas are preferred and 
per Mississippi River are facing an un- 2 most important commercial species, are excellent habitats for various spe- 
certain future. | Threeridge and Washboard, are abun- cies of mussels. All alterations such as 

A total of 30 live species was col- dant enough to make fishing efforts ec- Army Corps of Engineers dredging or 
lected during the survey. Threeridge onomically feasible. To insure that harbor construction should be evalu- 
followed by Pigtoe and Pimpleback mussel beds are not overharvested in ated for potential impact on mussel 
were the most abundant species col- the future, the commercial catch populations. Measures to reduce ero- 
lected in the study area. Although should be monitored and regulated. sion and_ bedload in the Mississippi 
mussel populations in Pools 3-11 are The various phases of dredging and Chippewa Rivers, such as land use 
dominated by these three species, their have a potential detrimental effect on management and riprap, should be 
numbers appear to be declining. The the mussels. The dredge sites and encouraged. 
catch per unit effort, which is related disposal areas should continue to be 
to density, has declined in Pools 6, 7, monitored for mussels. More study is 
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No. 78 SS Ce consin. (1978) Gordon R. Priegel and 
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car M. Brynildson and John W. Mason No.110 The influence of chemical reclamation on a small brown 
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No. 86 Characteristics of a northern pike spawning population. SEES | ) ees i 
(1975) Gordon R. Priegel and David C. Krohn No. 115 Removal of woody streambank vegetation to improve 
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consin in the 1830’s. (1976) William Tans No.116 Characteristics of scattered wetlands in relation to duck 

No. 91 Wisconsin’s participation in the river basin commissions. production in southeastern Wisconsin. (1979) Wil- 
(1975) Rahim Oghalai and Mary Mullen liam E. Wheeler and James R. March 

No. 93 Population and biomass estimates of fishes in Lake Win- No. 117 Management of roadside vegetative cover by selective 

gra. (1976) Warren S. Churchill control of undesirable vegetation. (1980) 

No. 94 Cattail -- the significance of its growth, phenology, and Alan J. Rusch, Donald R. Thompson, and 
carbohydrate storage to its control and management. Cyril Kabat 

(1976) . Arlyn F. Linde, Thomas Janisch, and No. 118 Ruffed grouse density and habitat relationships in Wis- 
consin. (1980) John J. Kubisiak, John C. Moulton, 

No. 95 Recreation use of small streams in Wisconsin. (1976) A J in 5 acne eine aiaeeniaaes 
Richard A. Kalnicky ee oy 

No. 96 Northern pike production in managed spawning and No.119 Asuccessful application of catch-and-release regulations 

rearing marshes. (1977) Don M. Fago on a Wisconsin trout stream. (1981) Robert L. Hunt 

No. 98 Effects of hydraulic dredging on the ecology of native No. 120 Forest opening construction and impacts in northern 

trout populations in Wisconsin spring ponds. (1977) Wisconsin. (1981) Keith R. McCaffery, 
Robert F. Carline and Oscar M. Brynildson James E. Ashbrenner, and John C. Moulton 

No. 101 Impact upon local property taxes of acquisitions within ‘No. 121 _ Population dynamics of wild brown trout and associated 
counties. (1977) Monroe H. Rosner sport fisheries in four central Wisconsin streams. (1981) 

No.103 A 15-year study of the harvest, exploitation, and mortal- Eadie ta) Averyjand Robert Lea Hunt 
ity of fishes in Murphy Flowage, Wisconsin. (1978) No. 122 Leopard frog populations and mortality in Wisconsin, 
Howard E. Snow 1974-76. (1981) Ruth L. Hine, Betty L. Les, and 

No. 104 Changes in population density, growth, and harvest of Bruce F. Hellmich. 
northern pike in Escanaba Lake after implementation 

of a 22-inch size limit. (1978) James J. Kempinger and No. 123 An evaluation of Wisconsin ruffed grouse surveys. 
Robert F. Carline (1981) Donald R. Thompson and John C. Moulton. 

Copies of the above publications and a complete list of all technical bulletins in the series are available from the Bureau of Research, Depart- 
ment of Natural Resources, Box 7921, Madison, WI 53707.
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