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COVER: East Channel at Prairie du Chien. Threeridge 
was the most abundant species collected in Pool 10 
during the 1980 study. 

Freshwater mussels were collected by diving during the summer 
of 1980 from Pool 10 of the Upper Mississippi River. The entire pool 
was divided into four different regions (upper end, lower end, East 
Channel, and West Channel) and three habitat types (main channel, 

: main channel border, and backwater) so comparisons of mussel 
densities (no./ft?) could be made. Of the 309 sites sampled, mussels 
were found at 224 sites (72%). The East Channel near Prairie du 
Chien, Wisconsin had the richest mussel fauna with an average 
density of 2.964 mussels/ft? and only 6% of the sites nonproductive. 
The lower end of Pool 10 had the lowest mussel density (0.655 / ft?) 
and the highest percentage of nonproductive sites (38%). The 
mussel density in the main channel border was 2 times greater than 
in the main channel and backwater. 

A total of 12,150 live specimens representing 31 species of 
freshwater mussels was collected from Pool 10; an additional 7 
species were represented only by dead specimens. Threeridge 
(Amblema plicata) was by far the most abundant mussel species, 
comprising 52.9% of the catch and having an average density of 
0.832/ft?, Thirty-eight live Higgins’ Eye (Lampsilis higginsi), a 
state and federal endangered species, were found during the 
survey and 20 of these were collected in the East and West 
Channels.



The Upper Mississippi River is a environment but has started an _ ity in some areas of the Upper | 
dynamic alluvialriversystem.Since aging processinwhichnonewback- Mississippi River (Fuller 1978, 
early Pleistocene times theriver has waters are being created and the _1980a, Thiel 1981). 
continually undergone changes asa pools are gradually filling with Previous mussel surveys on the 
consequence of hydraulic forces act- sediments (Rasmussen 1979). Upper Mississippi River have been 
ing on its bed and banks, and related Impoundment, water quality, primarily qualitative, providing es- 
biological forces interacting with and other factors have had an timates of diversity and relative 

_ these physical forces (Simons et al. impact on the mussel fauna of the abundance of mussels (Baker 1905, 
1975). These changes have resulted Upper Mississippi River (Fuller Shimek 1921, van der Schalie and 
from both natural and anthropogen- 1978, 1980a). The decline of mussel van der Schalie 1950, Havlik and 

| ic alterations. species diversity and a decrease in — Stansbery 1978, Fuller 1980a, Thiel | 
The completion of the lock and. relative abundance since the incep- . 1981). However, quantitative esti- 

dam system and the artificial main- tion of the 9-ft channel have been mates of mussel densities provide © 
tenance of a navigation channel to —_ well documented (Coon et al. 1977, better baseline data for future 
accommodate 9-ft draft vessels has Havlik and Stansbery 1978, Fuller environmental impact studies. There- 
caused major man-induced changes 1980a, Thiel 1981). Studies on the fore, the primary objective of this 
to occur on the Upper Mississippi Tennessee River after impoundment survey was to quantitatively define 
River in the last 50 years. What was have also shown a decrease in the ___ the diversity and relative density of 
once a free-flowing, braided river is variety of mussels (Scruggs 1960, the mussel community in Pool 10 of 
now a series of river lakes or pools. Bates 1962, Isom 1969). However, the Upper Mississippi River. 
The impoundment of the river has freshwater mussels are still a major 

_ created a more stable and less turbid ‘component of the benthic commun- __ -. co - 

Pool 10 of the Upper Mississippi been more live Higgins’ Eye found become increasingly narrow at the 
River was selected for this mussel in Pool 10 than in any other pool of | lower end of the pool (GREAT I . 
density survey due to its rich mussel the Upper Mississippi River (Havlik 1980a). , 
fauna. Havlik and Stansbery (1978) and Stansbery 1978, Mathiak 1979, The major tributary entering the 
stated that the Prairie du Chien, Fuller 1980a, Havlik 1981a, Thiel Upper Mississippi River in Pool 10 
Wisconsin area has the greatest 1981). The East Channel at Prairie isthe Wisconsin River. It converges 

diversity of mussels known from du Chien is thought to have the with the main stem of the river | 
any site on the Mississippi River. largest known aggregation of this about midway between Lock and 
Fuller (1980a) considered the mussel species (Havlik and Stansbery 1978, | Dam No. 9 and Lock and Dam No. 
fauna in Pool 10 to be the most Havlik 1981a, Havlik and Marking  10onthe Wisconsin side. In addition 
diverse and abundantin the St. Paul 1981). to the Wisconsin River, a smaller 
District of the U.S. Army Corps of Pool 10 extends from Lock and tributary, the Yellow River, enters 

Engineers (includes Pools 1-10). In Dam No. 9 near Lynxville, Wiscon- the pool from Iowa, about 3 miles 

the study by Thiel (1981) more sin to Lock and Dam No. 10 at —_ upstream from McGregor, Iowa. 
species and greater numbers of Guttenberg, Iowa, a total of 32.8 The upper end of Poo! 10 (1.e., the | 
mussels were collected in Pool 10 river miles (Fig. 1). It is the second area above the confluence of the 
than in any of the other areas largest pool in the St. Paul District | Wisconsin River) has physical char- 
surveyed (Pools 3-11). and has the second longest shore- _acteristics that are similar to pre- 

Another reason for selecting Pool line, about 110 miles (GREAT I impoundment days. There are large 
10 was the numerous collection 1980a). However, this pool has less _ sidechannels(e.g., Harper’s Slough) 
records of the state and federal en- water area (17,070 acres) than other off the main channel, and islands 
dangered species, Higgins’ Eye shorter-length pools in the St. Paul are still prominent. Toward the 

(Lampsilis higginsi), that have been District because the valley and flood- lower end of the pool (i.e., area below 
2 documented in this area. There have plain area between the high bluffs the Wisconsin River), the river |
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' The metal frame (5 ft2) that was placed on the a "Mussels were collected by SCUBA divers. 
- substrate during SCUBA sampling. re . 

. . | 

Freshwater mussels were collect- tional main channel border sites frame to a depth of at least 2 inches. 
ed from Pool 10 of the Upper were sampled. The 1977-79 mussel The length of diving time to clear 
Mississippi River during the period survey by the Wisconsin Depart- the mussels from the frame ranged 
6 June 1980 to 7 October 1980. ment of Natural Resources (Thiel from 2-125 min. The live mussels 
SCUBA and hookah diving were the 1981) showed a larger number of were identified and measured for 
only sampling techniques used dur- mussels in the upper end of Pool 10 length as defined by Ortmann (1920) 
ing the survey. Four different compared with the lower end: there- and Ball (1922), then all but the 
regions of the pool (upper end, lower fore, more sampling sites were Higgins’ Eye were returned to the 
end, East Channel, and West chosen in the upper region of the river. The dead specimens were iden- 

Channel) and three habitat types pool. Twenty-nine transects were tified and any unusual or rare spec- 
(main channel, main channel bor- made in the upper end and 20 tran- — imens were retained. All live Hig- 

der, and backwater) were examined sects in the lower end of the pool for gins’ Eye were transported to the 
for mussel densities (no./ft”). a total of 49 transects: originally 61 National Fishery Research Labora- 

The sampling sites were random- transects were constructed across tory in La Crosse, Wisconsin. Until 

ly selected from U.S. Army Corps of the river, but due to a lack of time, 12 verification photographs could be 
Engineers navigation charts and of the transects were not sampled. taken, they were housed in contin- 

aerial phctographs. Transects were In the East and West Channels. a uous flow-through fiberglass rear- 
established across the river through- more intensive sampling was done. ing tanks that contained 53 F well 

out the entire length of the pool. With the aid of a grid, a random water and a sand substrate. An 

With the exception of the East and numbers table. and aerial photo- . identification number was etched 

West Channel areas. at least one graphs. 33 sites were selected in the on the shel] with a pocket knife. The 
transect was made in each river East Channel and 32 sites in the Higgins’ Eve were then returned to » 
mile. Each transect consisted cf 5 West Channel. The locations of all their collection site and manually 
sampling sites: one in the main sites were recorded on U.S. Army positioned into the substrate in a 
channel: at least one within the Corps of Engineers navigation natural orientation. 
main channel border on each side of charts and aerial photographs. A cluster analvsis was performed 
the river: and if possibile. one or two During each collection, a 25-ft2 (5 on the data(Dixon and Brown 1977). 

sites in the backwater areas. If no x 5 ft) metal framewas placedonthe The sites that had no mussels were 
backwater areas were located in the substrate and a diver collected all excluded from this analysis. 

4 vicinity of the transect. then addi- live and dead mussels within the



R = S UJ LTS Fifteen were females, 22 weremales, — have been able to find them. Many | 

and 1 was a young specimen of of the population structures show 
undetermined sex. Fifty-three per- low frequencies in the smaller size 
cent were found in the East and classes, which probably indicates ~ 

A total of 309 sites was sampled WestChannels.Only2Higgins’Eye low recruitment for these mussel | 
in Pool 10 of the Upper Mississippi were collected in the lower end of the species. . 
River and 12,150 live mussels were pool (both from backwaters). The The results of thecluster analysis . 
collected. Thirty-one live species and preferred habitat type was the main are depicted by a dendogram (Fig. 
7 species represented only by empty channel borders with 21 of 38 being 4). The lengths of the dendogram 
shells werefoundduringthissurvey found in these areas. | branches (horizontal lines) indicate 
(Table 1). — Length-frequency distributions the degree of association between 

The mussel densities derived in for thosespecies with more than 100 the mussel species based on occur- 
this survey are the average number individuals are illustrated by bar’ rence at the sampling sites. The | 
of mussels/ft? for the sampling sites. graphs. (Fig. 3). All of the distribu- shorter the horizontal distance from 

The sample size was not statistical- tions except Fawnfoot and Deertoe __ the baseline, the greater the degree : 
ly adequate so these data. reflect were somewhat skewed to the right. of species pair or species group 
relative densities and not absolute There was some sampling bias due association. As one proceeds from __ 
densities. Therefore, the densities totheinability ofthedivertopickup the top of the dendogram to the 
given should be used only for com- mussels less than 1 cm in length. bottom, the number of species in 
parison purposes and should not be Since numerous Fawnfoot between association increases (i.e., the size of | 
considered actual mussel densities the lengths of 1 and 4 cm were the “cluster” increases), while the’ - 
for the particular areas. collected, it was assumed that if degree of association decreases. | 

Threeridge was the most abun- small mussels «1 cm)were present at However, there are smaller clusters  ~- 
dant species collected in the study the sampling sites the diver should _ within the larger clusters with 
area, representing 52.9% of the total | | 
catch (Table 2). This species was a | . 

widely distributed throughout the , | 
pool, being found at 57.9% of the | / 

eam ee if net earn TABLE 1. Species list of mussels collected in Pool 10. | 

the most dense mussel species Scientific Name Common Name | | 

present. The overall density of 0.832 | Cumberlandia monodonta Spectable Case D 
Threeridge/ft? was eight times Quadrula metanevra - Monkeyface .-_—. L | | 
greater than the next most abun- Q. quadrula Mapleleaf L 
dant species, Washboard (Table 2, Q. nodulata Wartyback L 
Fig. 2). , 2. pustulosa Pimpleback L 

| oe, ritogonia verrucosa — uckhorn L 
The next three species in abun- Cyclonaias tuberculata Purple Wartyback D 

dance, Washboard, Fawn foot, and Fusconaia flava Pigtoe L | 
Deertoe, occurred about half as F. ebena Ebony Shell | D | 

frequently asThreeridgeatthesam- =| ~~ Megalonaias gigantea. == Washboard = =| dL | — 
pling sites. These species were found Amblema plicata Threeridge L 
in all the regions and habitat types, Plethobasus cyphyus Bullhead D to 
but had .overall densities of only Pleurobema cordatum Ohio River Pigtoe L 
around 0.1/ft?. | Elliptio crassidens Elephant Ear D | 

Some species of mussels showed Oblinmaa reflexa Tee om r | 

more ageres ated or clumped disper- Proptera alata Pink Heelsplitter L 
sions than others. For example, the P. laevissima Pink Papershell L 

Pink Heelsplitter, Spike, and Three- Leptodea fragilis | Fragile Papershell L 
horn had very similar densities Ellipsaria lineolata Butterfly L 
(0.037, 0.034, and 0.033, respectively) - Truncilla truncata Deertoe L 
but the Spike was. found at only T. donaciformis Fawn foot L 
14.6% of the sampling sites com- Obovaria olivaria Hickorynut L 
pared with 29.1% for the Pink Actinonaias carinata Mucket GL 

Heelsplitter and 27.8% for the Three- ag uma Ten Brack Sandshell L 

horn (Table 2). This suggests that Lampsilis teres Yellow Sandshell | c 
the Spike is found in larger aggrega- L. higginsi Higgins’ Eye L 

tions at fewer sites. The Paper L. radiata siliquoidea Fat Mucket L 
Floater is another example of a L. ovata ventricosa Pocketbook . L 
mussel species with a slightly more Arcidens confragosus Rockshell L 
clumped distribution. Lasmigona complanata White Heelsplitter L 

Three species were represented L. costata Fluted Shell D 
only by single living specimens: Alasmidonta marginata Elktoe D 

Mucket, Buckhorn, and Flat Floater. Anodonta um becillis naper roatet r 

The Ohio River Pigtoe and Yellow A. suborbiculata Flat. Floater. | L* 
Sandshell were represented by 2and Strophitus undulatus Strange Floater L 
3 live specimens, respectively. Seven we 
of these eight rare mussels were L = collected live and dead | 
found in the upper end of Pool 10 D = only collected dead 
and the East Channel. L* = only collected live 

A total of 38 live Higgins’ Eye 
were collected during this survey. 5



TABLE 2. Density of mussels in all habitats in Pool 10 of the Upper Mississippi River. : 

. | . a _. _ Habitat Type (no./ft?) All of Pool 10 - 
| , ____Geographic Regions (no/ft.*) —_ Main © Relative Frequency of 

. | ‘Lower End UpperEnd East West Main Channel Density Abundance Occurrence Total 
| - Species Pool 10 Pool 10 Channel Channel Channel Border Backwater (no./ft?) (%) (%) No. 

Threeridge 0.298 — 0.885.  —=—‘1.691 1.374 0.481 1.122 0.533 0.832 52.9 57.9 6,425 

Washboard . . 0.044 0.124 0.166 0.163 - 0.068. 0.1382 0.086 0.107 6.8 28.2 823 | 

Fawnfoot. 92051 . 0.110 0.192 ~~ 0.161 0.040 0.144 0.077 0.105 6.7 33.3 810 

Deertoe . —©0.024 =i 0.094.182 «01°79 0.037 0.116 0.057 0.084 5.3 28.8 649 
Fragile Papershell 0.029 0.088 — 0.148 0.084 0.050 0.101 | 0.043 0.075 4.8 32.0 579 

Pimpleback — 0.021 0.061 — 0.132 0.059 0.043 0.065 0.046 0.055 3.5 34.6 428 

Pigtoe . 0.030 0.057 0.121 0.060 0.034 0.066 0.050 0.055 3.5 33.3 428 

- Pink Heelsplitter 0.028 0.039 0.061 0.033 0.025 0.049 0.023 0.037 2.4 29.1 288 

Spike 0.016 ~ 0.044. 0.023 0.055 0.018 — 0.054 0.008 0.034 2.2 14.6 262 

_ Threehorn . 0.030 0.031 0.036 0:049 0.010 0.039 0.037 0.033 2.1 27.8 — 255 

Mapleleaf. 0.015 0.027 0.059 0.038 0.018 0.033 0.024 0.028 1.8 26.2 213 | 

Paper Floater 0.011 © 0.040 0.011 0.014 0.007 0.032 0.023 0.025 1.6 16.5 192 

Pocketbook — 0.008 0.028 0.039 0.043 0.026 0.033 0.007 0.024 1.6 ~ 25.9 189 

| Wartyback 0.013. 0.010 - 0.022 0.025 0.008 0.019 0.009 0.014 0.9 23.3 108 

Hickory Nut 0.002 - 0.014 0.050 0.009 0.017 0.018 0.0038 0.013 0.9 14.6 104 

| Giant Floater 0.008 ° 0.016 0.010 0.014 0.003 0.015 0.014 0.012 08 | 16.8 95 

' Black Sandshell - 0.002 0.012 0.016 0.011 0.009 0.013 0.003 0.009 0.6 12.9 72 

Fat Mucket 0.013 0.001 0.005 0.006 0.001 0.010 0.001 0.006 0.4 7.1 46 

Strange Floater 0:002 0.008 0.002 0.008 0.003 0.008 0.003 0.006 0.4 8.7 | 43 

'Rockshell 0.002 0.006 0.010 0.008 0.003 0.008 ° 0.001 ~ 0.005 0.3 8.4 41 

Higgins’ Eye 0.001 — 0.005 0.016 0.008 0.009 0.005 . 0.002 0.005 0.3 8.7 38 

Monkeyface 0- 0.003 0.008 0 0.003 0.003 0 0.002 0.1 2.9 | 16 

White Heelsplitter 0.001 ~- 0.002 0.006 ~~ 0.003 0.001. 0.002 0.002 0.002 0.1 4.5 15 

Pink Papershell 0.003 < 0.001 0.001 0.001 0 0.002 0.001 0.001 0.1 3.6 11 
Butterfly 0.001 0.001 0.001 0.001 0.001 0.001 #£»O 0.001 0.1 2.3 7 

Lilliput — 0.001 0 0.002 0 0 0.001 < 0.001 0.001 < 0.1 . 1.6 5 

~ Yellow Sandshell <0.001  <0.001 0.001 0 0 | 0.001 0 < 0.001 < 0.1 1.0 3 
Ohio River Pigtoe 0 <0.001 0.001 O 0.001 .<0.001 0 -< 0.001 < 0.1 0.6 2 

Flat Floater. 0 < 0.001 0 0 0 0 <0.001 < 0.001 <0.1 0.3 1 

Buckhorn 0 0 0.001 0 0 <9.001 O- < 0.001 .<0.1 . 0.3 1 

Mucket — - 0 -<0.001 0° 0 0 < 0.001 0 < 0.001 - <0.1 0.3 1 - 

Total 0.655 1.707 2.964 2.401 0.916 2.095 1.055 1.573 12,150 | . 

greater degrees of similarity. Thus, 

the mussel species pair most common- : | 

ly found at the same sampling sites 
G. e.. greatest degree of Similarity) TABLE 3. The percentage of nonproductive sites in the 

was Deertoe and Fawnfoot. Other different regions and habitat types in Pool 10 (number of 

species pairs with high degrees of sampling sites in par entheses). 
similarity include Threeridge-Pig- ————— eee 

toe, Washboard-Fragile Papershell, Lower End Upper End East West 
Spike-Strange Floater, Pocketbook- - of Pool10 of Pool10 Channel Channel 

| Black Sandshell, Pink Heelsplitter- Main Channel 75.0% 57.1% 0% 33.0% 
Paper Floater, and Hickorynut- | (20) (28) (7) (6) 

-_ Monkeyface. The top three species | 

on the dendogram (Threeridge, Main Channel 31.1% 13.8% 7.7% 15.4% 
Pigtoe, and Pimpleback) and the Border (45) (65) (26 96 
next four species (Washboard, Fra- e ) (26) 

gile Papershell, Fawnfoot, and Backwater 95.7 37 3y 
Deertoe) form respective clusters (35). (51). : : 
with high degrees of association _ _ 

with each other. This means that Total 38.0% 30.6% 6.1% 18.8% 
the species in each of these clusters (100) (144) (33) (32) 
were more commonly found at the a 

same sampling sites. 

Of the 309 sites sampled, mussels 

were collected at 224 sites (72.5%), 
6 and 85 of the sampling sites (27.5%) | | 

| 

|



| DENSITY (no./ft?) . 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 | 

Threeridge | 
Washboard | | | 

Fawnfoot | | | 

Deertoe _ , 

Fragile : | a | . , 
Pa pershel| f= | | | 

| Pimpleback | : | 

Pigtoe a | | 
Pink | | | , | | 

H e elsplitter Eoin 
| | 

| Spike | - 

Threehorn | | | | 

Mapleleaf of 
Paper | a | | 

: Floater ee | . : 

- Pocketbook Oo | - —_ 

Wartyback 7 ee | 

Hickorynut} | | : a | | 

Giant fy . | | | 
: Floater | : 

Black ; ee 
, foo. -Sandsheltf-- oe - ne Bp 

Fat Mucket | | | 

Strange f | | 
Floater 

Rockshel | | | 

Higgins Eye | | 

FIGURE 2. The densities of the 21 most abundant mussel species in Pool 10. — : 

were nonproductive (i.¢., yielded no — backwater in the lower end of the found to have a density of 0.655 
mussels). The East Channel had the pool had a lower percentage of non- mussels/ft?, which was significant- 
overall lowest percentage (6.1%) of productive sites (25.7%) than the ly lower (P<0.05) than the density of 
nonproductive sites and all of the backwater sites in the upper end 1.707 mussels/ft? in the upper end 
sites in the main channel of the East (37.3%). (Table 2 and Fig. 6). Mussels in the 
Channel yielded mussels (Table 3). The region with the highest den- main channel borders (2.095 
The highest percentage of nonpro- sity of mussels, 2.964 mussels/ft?, mussels/ft?) were twice as abundant 
ductive sites (38.0%) wasinthelower | was the East Channel, followed by as in the main channel (0.916 
end of Pool 10. No mussels were the density of 2.401 mussels/ft? in _—mussels/ft2) and backwaters (1.055 
collected at 75% of the main channel the West Channel (Table 2 and Fig. _—mussels/ft2) (Table 2 and Fig. 7), a 
sites in this region. However, the 5). The lower end of Pool 10 was _ significant difference (P<0.05). 

| 1
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_ FIGURE 5. Mussel densities in the East and 3.0 ee 

: _ FIGURE 6. Mussel densities in the upper and . —] 
lower ends of Pool 10. (Middle) x . — | 
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The results of this survey support Threeridge population may be neg- since it is often associated. with 
previous studies indicating that Pool atively affected. waters that are too shallow to brail. | 
10 has one of the richest mussel Fawnfoot and Deertoe are prob- However, there have been several 
faunas in the Upper Mississippi ably the most overlooked species in other recent collections of Flat 
River (Havlik and Stansbery 1978, the Upper Mississippi River mainly Floater in Upper Mississippi River 
Fuller 1980a, Thiel 1981). The 7 due to their small size. Previous backwaters. Two specimens of Flat 
species represented only by empty _ investigators (Finke 1966, Coon et Floater were collected livein Wiscon- > 
shells (Spectacle Case, Purple War- al. 1977, Fuller 1978, 1980a) have’. sin backwaters of Pool 8 during 1977 
tyback, Ebony Shell, Bullhead, used brailing with a crowfoot bar as (Havlik 19815). Sixteen live speci- 
Elephant Ear, Fluted Shell, and their only collecting technique mens of Flat Floater were collected . 

Elktoe) are evidence of the decline in which is generally inadequate in. inthe Big Lake areanorth of Prairie 
species diversity. However, the sampling for smaller mussels. Since du Chien and empty shells were | 
mussel fauna in this pool appears to diving was the sole collecting tech- found in the vicinity of Wyalusing 
be less damaged than in the other nique for this survey, amorerepre- and Bagley in Pool 10 during 1981 

| pools and also less damaged than sentative sample was obtained and (H. Mathiak pers. comm.). Fresh | 
the mussel fauna of many other showed Fawnfoot and Deertoe to be dead specimens of Flat Floater were 
large rivers (Havlik and Stansbery the third and fourth most abundant also found in the Big Lake area 
1978, Fuller 1980a, Thiel 1981). mussel species, respectively. This during both 1978 and 1980 (Havlik 

All recent mussel surveys have species pair was most commonly 1981b). Apparently this species is 
shown the Threeridge to be the most collected at the same sampling site, more common in the Upper Missis- 
abundant mussel species in the suggesting that they may have sippi River than formerly believed . 

Upper Mississippi River (Finke _ similar habitat requirements. but the favored habitat makes | 
1966, Coon et al. 1977, Havlik and _ According to their population — collection difficult (Fuller 1980a, | 
Stansbery 1978, Fuller 1978, 1980a, structures, some of the mussel Havlik 19815). | 
Perry 1979, Thiel 1981). Likewise, in species do not appear to be ina | Mucket and Buckhorn are the 
this survey, Threeridge was themost healthy condition. The Spike and other two species represented by 
abundant species, with a relative Mapleleaf are examples of marginal single live specimens. Only four spec- | 

abundance of 52.9%. However, the species having extremely skewed imens of Mucket and no Buckhorn 
. 1930-31 pre-impoundment survey by length-frequency distributions and were collected during the 1977-79 

Ellis (van der Schalie and van der showing very little recruitment. | Wisconsin DNR mussel survey 

Schalie 1950) found Threeridge to  _Fuller(1980a) also found no evidence (Thiel 1981). These two species 

comprise only 7.4% of the total catch of recent recruitment for the Spike appeartobeinjeopardyinthe Upper | 
in this area. Fuller (1978) attributes and considered it as a species in Mississippi River and, like other 
the success of Threeridge to the jeopardy. Mapleleaf is a mud-loving rare species, their decreased abun- 
following factors: (1) a long and species that has been successful in dance may be caused by declining 
varied list of glochidial hosts; (2) the Tennessee River both before im- water quality (Fuller 1978, 1980a). 

— tolerance of inferior water quality; = poundment (Ortmann 1925) and ~-Themucket was animportantcom- ~~ 
and (3) indifference to substrate after (Bates 1962). Fuller (1980a) mercial species in the early days of 
type. The ability to exploit all the labeled the Mapleleaf as healthy clamming activity, and this may be 
habitat types (main channel, main and tolerant of impoundment condi- another contributing factor to its 
channel border, and backwater) in tions in the Upper Mississippi River. decreased abundance (Fuller 1978). 
the Upper Mississippi River has However, this may not. continue to. - The more favorable habitat con- 
given the Threeridge a significant be the case even in productive Pool ditions for mussels occur in that 
advantage. ~ 10 if the Mapleleaf is unable to portion of the pool above the con- 

Threeridge and Washboard are maintain a higher recruitment level. fluence of the Wisconsin River 
the two most important commercial Length-frequency distributions of including the East and West 

species in the Upper Mississippi other species (e.g., Washboard, Fra- Channels. This is evidenced by the 
River. Even though Washboard is gile Papershell, Pink Heelsplitter, greater diversity and higher density 
much less dense than Threeridge, and Pocketbook) are not as skewed, of mussels in the upper end of Pool 
the commercial harvest is comprised but they also show very little 10. The majority of the Upper 
of about equal numbers of each evidence of recruitment. Mississippi River mussels are 
species. However, Washboard is The only living specimen of the species which prefer flowing rather 
more massive and accounts for a Flat Floater collected during this than standing water (Fuller 1980a). 
larger proportion of the tonnage survey was found in a backwater After impoundment, the conditions . 
(Thiel 1981). This relatively inten- area near Harper’s Slough in the did not change as much in the upper 

sive harvesting of Washboard may upper end of the pool. This record is end as the lower end. Therefore, 

be contributing to its decline (Fuller apparently the first time this species these ‘“‘flowing water’ species were 

1980b). The population structure of has been collected live in Pool 10 better able to survive the ecological 
the Washboard shows very few in- and represents a northern extension conditions in the upper end of this 

dividuals in the lower size classes, of the Towa range of Flat Floater, pool. 
probably indicating low levels of since it has previously not been This study confirms,.that some of 
recruitment. Currently, the harvest- collected live in Iowa waters north the remaining great mussel beds of 
ing of Threeridge may not be of Fairport, lowa (Coker 1919, Pool 10 still exist in the East and 
adversely affecting its population. Havlik 19816), West Channels. There is no clear-cut 
However, if the acceptable commer- The preferred habitat of the Flat explanation as to why these areas 

cial size limit is decreased and/or Floater seems to be the backwater are such prime mussel habitats. It is 

harvesting pressure increases, the areas, making it difficult to collect possibly due to a combination of J



very stable substrate and little . destroys the mussel fauna in the Upper Mississippi River and has 
dredging activity in the East and immediate vicinity anditmay beat created water levels in these back- 
West Channels. However, very little least 20 years before the population water areas that are more stable 

: is known concerning the habitat is restored. Stansbery (1970) report- than they were before inundation 
requirements of the mussel species ed that a dredged section of a stream (Rasmussen 1979). Backwaters are 
in the Upper Mississippi River. | willnot regain amusselfaunaforas important habitat for certain species 

The impounded waters immedi- long as a decade or more. Yokley of mussels (Fuller 1980a), such as 

ately behind dams do not provide (1977) similarly suggested that it the Flat Floater (Havlik 19815). 
good mussel habitat (Fuller 1974) may be years before a mussel popula- However, fine silts have been accum-. 

nor do shifting sand bottoms - tion returns to a dredged area. ulatingin these shallow water areas, 
(Murray and Leonard 1962). The — According to astudy doneon Pools creating unfavorable habitat condi- 
‘mussel populationsinthelowerend — 8,9,and10o0fthe Upper Mississippi tions for many of the mussel species. 
of Pool 10 appear to be suffering River, areas of recent dredging pro- Since the backwaters are continual- 

~ from both the adverse impoundment duced few live mussels, eventhough ly filling in (Simons et al. 1975), the 
effects behind the dam and the in- the dredge spoils from these areas mussel populations in these areas 
crease in bedload from the Wiscon- contained many shells (Coon et al. will probably decrease in both 

- sin River. The Wisconsin River has 1977). Havlik and Marking (1981) abundance and diversity. 
been estimated to contribute 267,800 analyzed the mussel shells from a Pool 10 contains one of the few | 

--tons of sediment/year to Pool 10 dredge spoil from the East Channel known viable populations of the 
: (McHenry et al. 1976). The result of | near Prairie du Chien and found Higgins’ Eye, a state and federal 

_. this increased bedload is a shifting evidence suggesting that numerous endangered species. Higgins’ Eye 

sand bottom downstream from the mussel species had been alive atthe | wasmuch more common in the Kast 

- Wisconsin River. Stern (1978) found _- time of dredging but had been killed and West Channels and main 

that mussels were least abundant or in the process. In Pool 10, the aver- channel borders, areas of relatively 
entirely absent from shifting sand age annual dredging volumeduring higher mussel diversity and density. 
bottoms in the Wisconsin River. _ the period 1956-74 was the smallest Due to the greater number of 
Such shifting substrates have prob- of any poolinthe St. Paul Districtof | Higgins’ Eye found in the East and 
ably limited or prevented the estab- the Army Corps of Engineers WestChannels, therich mussel beds 
lishment of mussel beds in at least (GREAT I 19805). Despite this fact, in these areas should be protected 
part of the lower end of Pool 10. This dredging has adversely affected the. against degrading or destructive 

. is indicated in the study by a higher main channel and main channel factors. 
percentage of nonproductivesitesin border mussel populations in If the mussel fauna is going to 
the main channel and main channel selected areas throughout Pool 10. remain an integral part of the Upper 
borders downstream from the con- =. The main channel border, the Mississippi River ecosystem, then 

- fluence of the Wisconsin Riverthan = zone between the 9-ft navigation some precautionary steps need to be 
_-in-the upper end. : | channel and the main river bank, taken immediately. The quality of 
_.  Themain channel had the lowest includes all areas in which wing _ the water needs to be improved or at 

density of the three habitat types dams occur (Sternberg 1971). Most the very least maintained at the 
and several factors have been impli- of the wing dams are submerged present level. Commercial harvest- 

-- cated as causative agents for the and some, along with submerged ing of mussels should be carefully 
| sparsity of mussels in the main riprap, provide good rocky habitat monitored and necessary regula- 

- channel. Increased bedload from for the rock-loving species of mussels tions need to be implemented. All 

tributaries, such as the Wisconsin (Fuller 1978). When first construct- potential dredge sites and disposal 
River, can cause unsuitable condi- ed, the wing dams caused a shift in areas should be examined to prevent 

| tions for mussels in the main the erosion and sedimentation any accidental burial or removal of 
channel downstream from their con- patterns in the main channel border mussel beds. Since the main channel 
fluence. Barge traffic is another . areas which resulted in thedestruc- _ borders support such a rich mussel 
element that may contribute to the tion of many mussel beds (Grier fauna, these areas need to be pro- 

lower density of mussels in the main 1922, Ellis 1931). In subsequent tected from disposal of dredge 

channel. Heavy bargetrafficpower-. years, many of the wing dams have material and any other development 
ed by towboats seriously disrupts either completely filled in with sedi- activities. The existing mussel beds 
the substrate with undertow mentor the sediment relocation has in the East and West Channels 
(Starrett 1971, Coon et al. 1977). reached an equilibrium. The result which are inhabited by numerous 

However, when water depths exceed appears to be creation of a more Higgins’ Eye must be protected and 
20 ft, the benthic fauna may be stablesubstrateinthemainchannel managed properly. A recovery pro- 

protected from mechanical damage borders which is capable of support- gram for the Higgins’ Eye will be 
caused by large and small crafts ing a higher density of mussels. In effective only if the beds in which 
(Fuller 1978). In water this deep, this study, the density of mussels in they live are preserved. Through 
there is also no need for mainten- the main channel bérder was found appropriate conservation measures, 
ance dredging. to be twice that of mussel population the freshwater mussels of the Upper 

Hydraulic dredging is another densities in either the main channel Mississippi River can continue to be 
factor that can have a detrimental or backwater areas. an important natural resource. 
effect on mussel populations. Wilson Impoundment has increased the | 
and Clark (1912) noted that dredging surface area of backwaters in the 

12 |



The Upper Mississippi River is — any of the other pools. The upper , oo 
changing and so is its mussel. end of Pool 10 including the East oO 
community in terms of both density and West Channels has the more 
and diversity. Impoundment, a man- favorable habitat conditions for | 7 

induced change, has significantly mussels as evidenced by the higher | | | 
altered the ecological conditions to density. The preferred habitat type 
which the mussel faunais subjected forthe majority of the mussel species | | 
and has had a negative impact on was the main channel borders which , ae 7 
most of the mussel species. There — had a mussel density twice that of a 
are a few species (e.g., Threeridge, the main channel and backwaters. | 
Fs wnfoot, Deertoe) that have surviv- The highest density of mussels and | | 

ea well in this largely pooled river over half of the live Higgins’ Eye, a | | . 
environment and dominated the state and federal endangered 
mussel harvest. A mussel commun- species, were found in the East and oe | | 
ity dominated by a few species, West Channels. OS | | 
however, with the remainder being Precautionary steps, including | . | a 
marginal or near extinction, is a maintaining water quality, monitor- 
sign of a community under stress ing the commercial harvest, examin- | 
(Fuller 19805). ing potential dredge sites, and a oe | 

Pool 10 is one of the last strong- protecting the main channel borders | | a 

holds for freshwater mussels in the and the East and West channels are | | 
Upper Mississippi River and necessary to ensure the future of the , | . : 
supports a greater diversity and diverse mussel populations in the , | 
higher density of mussels than most Upper Mississippi River. | | | OO 7 | 

BAKER. F.C. ._ mussels. U.S. Bur. Fish. Cire. No. ‘19806 Historical and current distributions 

1905. The molluscan fauna of McGregor, 7:1-10. of fresh-water mussels (Mollusca: 

Iowa. Trans. Acad. Sci. St. Louis FINKE. A. | Bivalvia:Unionidae) in the Upper 
15(3):249-58. 1966. Report of a mussel survey in Pools Mississippi River. pp. 72-119 J.L. 

BALI. G. H. 4A (Lake Pepin). 5. 6, 7 and 9 of the Rasmussen, ed. Proc. Upper Miss. 

1922. Variation in fresh-water mussels. Mississippi River during 1965. Wis. River Conserv. Comm. Symp. on 

Ecol. 3:93-121. Dep. Nat. Resour. Unpubl. Rep. Upper Miss. River Bivalve Mollusks, 
BATES. J. M. 16 pp. - Rock Island, I. | 

1962. The impact of impoundment on the FULLER S. L. H. 

mussel fauna of Kentucky Lake 1974. Clams and mussels (Mollusca: Bi- GREATI. 
Reservoir, Tennessee River. Am. valvia). pp. 215-73 in C. W. Hart. Jr. 1980a. A study of the Upper Mississippi 
Midl. Nat. 68:232-36. and S. L. H. Fuller. eds. Pollution River. Tech. Append. Vol. 6: Rec- 

COKER. R. E. ecology of freshwater invertebrates. reation. Great River Environmental 
1919. Fresh-water mussels and mussel Acad. Press. N. Y. 389 pp. Action Team I. U.S. Army Corps 

industries of the United States. Bull. _ 1978. Fresh-water mussels of the Upper Eng.. St. Paul, Minn. 353 pp. 
Bur. Fish. 36:11-89. Mississippi River: Observations at 19806. A study of the Upper Mississippi 

Coon. T. G., J. W. ECKBLAD. AND P.M. selected sites within the 9-foot navi- River. Tech. Append. Vol. 2: (a) flood- 
TRYGSTAD gation channel project on behalf of plain management. 89 pp.: (b) dredg- 

1977. Relative abundance and growth of the Army Corps of Engineers. Acad. ed material uses, 64 pp.: (c) dredging 

mussels in Pools 8, 9 and 10 of the Nat. Sci.. Philadelphia. Pa. 401 pp. requirements. 119 pp. Great River 

Mississippi River. Freshwater Biol. 1980a. Freshwater mussels of the Upper Environmental Action Team I. U.S. 
7:279-85. Mississippi River. Observations at Army Corps Eng., St. Paul, Minn. 

Dixon. W. J. AND M. B. BROWN.EDS. selected sites within the 9-foot navi- 

1977. BMDP-77. P-Series. Univ. Calif. gation channel project for the St. GRIER.N. M. 
Press, Berkley. Calif. Paul District. U.S. Army Corps of 1922. Finalreport on thestudy and apprais- 

Ev.iis.M. M. Engineers, 1977-79. Vol I:Text. al of mussel resources in selected 

1931. Some factors affecting the replace- Acad. Nat. Sci. Philadelphia, Pa. areas of the Upper Mississippi 

ment of the commercial fresh- water 175 pp. River. Am. Mid]. Nat. 8(1):1-38. 13



HAVLIK, M. E. ORTMANN. A. E. | STANSBERY, D.H. 
1981a. The historic and present distribu- 1920. Correlation of shape and station in 1970. Eastern freshwater mollusks. (1) 

tion of the endangered naiad mol- - freshwater mussels. Proc. Am. Phil. . The Mississippi and St. Lawrence | 

lusk Lampsilis higginsi (Lea 1857). Soc. 19:270-312. River Systems. Malacol. 10(1):9-22. ~ 
Bull. Am. Malacol. Union, Inc. 1925. The naiad fauna of the Tennessee 
(1980):19-22. River system below Walden Gorge. STARRETT. W.C. 

19816. Thenorthern extensionoftherange = —_- Am. Midl. Nat. 9:321-72. 97]. Asurvey of the mussels (Unionacea) 
of Anodonta suborbiculata Say (Bi- oe ee of the Illinois River: A polluted 
valvia:Unionidae). The Nautilus PERRY. E. W. stream. II]. Nat. Hist. Surv. Bull. 

| 95(2):89-90. 1979. Asurvey of Upper Mississippi River 30(5):263-403. | 
HAVLIK, M. E. AND L. L. MARKING mussels. Pp. 118-39 in J. L. Ras- 
1981. A quantitative analysis of naiad - mussen, ed. A compendium of fish- STERN, E. M. oe 

: mollusks from the Prairie du Chien, ery information on the Upper Mis- 1978. Distribution and habitat character- 
Wisconsin dredge material site on sissippi River. 2nd Ed. Upper Miss. _ istics of endangered Wisconsin fresh- 
the Mississippi River. Bull. Am. | River Conserv. Comm., Rock Island, water mussels. Univ. Wis.-Stevens 
Malacol. Union, Inc. (1980):30-34. | Il. | Point, Unpubl. Rep. 22 pp. 

HAVLIK, M. E. AND D. H. STANSBERY | | STERNBERG, R. B. : 
1978. The naiad mollusks of the Missis- _ RASMUSSEN, J. L. | | oo, 1971. Upper Mississippi River habitat 

sippi River in the vicinity of Prairie 1979. Description of the Upper Mississippi classification survey: Hastings, Min- 

du Chien, Wisconsin. Bull. Am. River. Pp. 3-20 in J. L. Rasmussen, nesota to Alton, Illinois. Upper 
| | Malacol. Union, Inc. (1977):9-12. . ed. A compendium of fishery infor- | Miss. River Conserv. Comm. Fish 

: Isom, B. G. co mation on the Upper Mississippi Tech. Sect., Rock Island, Ill. 123 pp. 
- 1969. The mussel resource of the Tennes- os River. 2nd Ed. Upper Miss. River THIEL,P.A. — _ 

see River. Malacol. 7(2-3):397-425. _ Consery. Comm., Rock Island, Ill. 1981. A survey of the unionid mussels in " 
: MATHIAK, H.A. Scruccs,G.D. | | the Upper Mississippi River (Pools 3 

1979. A river survey of the unionid mus- 1960. Status of fresh-water mussel-stock _ through 11). Wis. Dep. Nat. Resour. 
sels of Wisconsin 1973-77. Sand in the Tennessee River. U. S. Fish . Tech Bull. No. 124. 24 pp. 
Shell. Press, Horicon, Wis. 75 pp. - and Wildl. Serv. Spec. Sci. Rep. VAN DER SCHALIE, H. AND 

McCHENRY, J. R., J. C. RITCHIE, AND J. . No. 370:1-41.. A. VAN DER SCHALIE — | 
VERDON a | — _ 1950. The mussels of the Mississippi 
1976. Sedimentation rates in the Upper | SHIMEK,B. | | | River. Am. Midl. Nat. 44:448-64, 

Mississippi River. Pp. 1139-49 in 1921. Mollusks of the McGregor, Iowa — WILSON,C. B. AND H. W. CLARK 
Symposium on inland waterways | Region I. Iowa Conserv. 5:1 1912. The mussel fauna of the Kankakee 
for navigation, flood control and ee | basin. Annu. Rep. Comm. Fish. 1911 

| water diversions, Vol. 2. Am. Soc. SIMONS, D. B.,; P. F. LAGASSE, Y. H. CHEN and Spec. Pap. pp. 1-52. (Separately 
Civil Eng., N. Y. ~ ANDS.A. SCHUMM issued as Bur. Fish. Document 

Murray, H. D. AND A. B. LEONARD 1975. The river environment: A reference | No. 758). - 
1962. Handbook of unionid mussels in document. U. S. Fish and Wild]. | YOKLEY,P., JR. 

Kansas. Univ. Kans. Mus. Nat. Serv., Twin Cities, Minn., Contrib. 1977. The effects of gravel dredging on 

Hist. Mise. Publ. No. 28, Lawrence. No. CER 75-76 DBS-PFL-YHC- mussel production. Bull. Am. Mala- 

| 184 pp. Co SAS-14. col. Union, Ine. (1976):20-22.



. 

° 

° . : 

’ 

} : . 

. 

.



. 

- >



| 
t 

; 

' 
4 

4 The study was supported in part 
ACKNOWLEDGMENTS by funds supplied by the Federal 

Endangered Species Act of 1973, 
A special debt of gratitude is ex- Project E-1. : 

pressed to David Heath, the primary 
diver on the study. His dedication, 
persistence, and thoroughness great- 
ly enhanced the survey. Thanks are About the Authors 
also due to Michael Talbot and Greg : 
Mathson for their assistance with Randy Duncan worked for the 
the diving. Appreciation is extended Mississippi River Work Unit, De- 

é to Vernon Crawley and Kenneth partment of Natural Resources in 
Von Ruden for their field assistance. La Crosse on the special study of 
We would especially like to thank mussel densities, and Pam Thiel is 
James Holzer for his support and the malacologist who was in charge 
suggestions. Eugene Langeis grate- of the mussel survey and density 
fully acknowledged for his help with study. 
the statistical design and analysis. 
We wish to thank the personnel at 
the National Fishery Research La- 
boratory in La Crosse for allowing 
us to house endangered species in Production Credits 
their facility and, especially, Leif 

Marking for taking verification Ruth L. Hine, Editor 
photographs. The manuscript was Jane Ruhland and Lori Goodspeed, 
critically reviewed by James Holzer, Copy Editors 
Randle Jurewicz, Dr. James Eck- Richard Burton, Graphic Artist 

blad, and Robert Read. Susan J. Hoffman, Word Processor 

|



1 The study was supported in part. 
ACKNOWLEDGMENTS by funds supplied by the Federal 

Endangered Species Act of 19738, 
A special debt of gratitude is ex- Project E-1. 

pressed to David Heath, the primary | 
diver on the study. His dedication, 
persistence, and thoroughness great- 
ly enhanced the survey. Thanks are About the Authors 
also due to Michael Talbot and Greg ’ 
Mathson for their assistance with Randy Duncan worked for the 
the diving. Appreciation is extended Mississippi River Work Unit, De- 

i to Vernon Crawley and Kenneth partment of Natural Resources in 
Von Ruden for their field assistance. La Crosse on the special study of | 
We would especially like to thank mussel densities, and Pam Thiel is 
James Holzer for his support and the malacologist who was in charge 
suggestions. Eugene Langeis grate- of the mussel survey and density 
fully acknowledged for his help with study. 
the statistical design and analysis. 
We wish to thank the personnel at 
the National Fishery Research La- 
boratory in La Crosse for allowing 
us to house endangered species in Production Credits 
their facility and, especially, Leif 
Marking for taking verification Ruth L. Hine, Editor 
photographs. The manuscript was dane Ruhland and Lori Goodspeed, 
critically reviewed by James Holzer, Copy Editors 
Randle Jurewicz, Dr. James Eck- Richard Burton, Graphic Artist 
blad, and Robert Read. Susan J. Hoffman, Word Processor



iuies 
o 32 
Boe? 
G26r 
Ces 

‘ Sie 
nn Ww 

Sisisie 

‘ ) ia ioeueeae as : b 8 : G4 8 85 fe Bg Be eas yo aLvy aS $s «aD 4 ES 2 GaSe We eee es 4 wing me g ag a4 3 iS boy Qu. o it Ss on} Qa Rene ii 8 Beh BS SO Grd) Deere oad $352 3 8 22 ge PS Ce oe ne eee 2aES o, BS a a Ou On marae ey Fh ete seme Get a oO go 4 8 Ge $2 8888 sg8 3. epee Bee BS 8 Gh gh bebe ok eee ‘a Pee Sed Soue ES S852 eG Se eee ee Bt ye we Og oy oeepes So qt gS 88a 554 Sh 2 g2 eo 3. se8i Fe Sy igtos ek! g2 bia fe gids @ Case ask sa moe So Ba 2-2 28 Seea es" Bes EA goa oc, oaga CF See ta we TES Ba BE So5 8< gSaS Be ES HE8S5 se su erases 3B s 8 8g gag Se Ge >S1 ee yE RS LAG hss 8225S EE gs 238 BS see Re SF ee Poe S00 ao ae eesicye> B Bo gspds ER at SevSag Gs Sasa gs Tare ed S88 sQogpeh &S § Cae Foes wa mas Og B23 % = AV ves Og of pay & tg oe Ce ae a aa 2 Se pe Rea Ge BORE CEs Soe oa eee as Re T~ ge oo soni ted eT BO Oo & tO Pa Ve SR Eg wiv ge Sg 88 gO SESE oe BSE BS ‘| 8388 a GaSe 2p ag OH SU Bele Be oes oc a3 G22 o8 foe ee ae wie eB Sse Meee og 5 5 
ROn BS seo Qas Pk OS SoS S5be bu Bae suo ae eG SEo Se Soe FES Ge Se Bog SBE be oes eee S258 HEA GE GS8 Hed DEES SEM GESC'AG «S38 58s Ba ee 

ee 19 oe & a 
§ 8 8 8 € 8 800 Boek ot eos = rica . i : : : a8 S Siusd 3 SF Ot 3 Sng 3 : saas ia Sie, 2 in sae z Ziel i 

pe 
nN ee cot ee ean ee Peat oo Gore ties aa ek oO Spee SSS So 5S oboe eee ee nN. 22583 bak Go,92 ges 8 g@ 28 gs Sc ots Bye 3 = > 35 Si 83 BG eae oS re on & mS S2 SEE Bae Pee sd BOs cbs 3 3 gage 2 § s oO we Bae oo 5 s sg fa ya os > ‘ OD Reis ofS Maes bes ees See ee ges ane os Bee ee eae 30 Bon oh ed gee oa Bos 
~ Pe ses Red Bes ge oe pee ee eae O82 Sac a 32 3 2 Q esse gaz Su gs “S582 Boies sf S82 82a a2 Foe wis Soe vee ee Seo Ga as SER 6 su 2 Efeil S38 geass Geo Ges ooo ee 92 pea be ee — 8S 52s e358 883 05 San Fon Sea Sd fe Bam 8a $8 ogee s GS. poh Se ges cee geo pe Fe ao PR ee W Ss 8ey 825 Bonuses Bae 7 es Goh ES ws FGe EO a a 2S $25 Seg 828 se fae see gomue Se gee oo ae PS eOR PLS FASS ok Raia BS rece oat fog, wi 8 a Bates Esto eae ee See ges a ee epee a ee f OS OF Hw Ome es oa Bea se Ato .a. 28 bot wm 6 Gs D $4 3938 98S 9 SS gia2 Wow le sn SESS Ces gees sk es PSBRE Za RASS CSE SSG Ske wah oe Tee wess oo fe M {BESS ES. 8 a2 esos eee Cae Pm ee ome one gE CG 6s Oo 8 e@ogs ob Sham Gea g48 Boo oF ‘Bid Og ie COR Pea ae 2S a ree BE sos 8 j-s 6a so asish beet Bae o35 Seu gi5. ges oeibes geo 32 38 >> 3. we oe 23 eddy SSge ; > PB 23 Cease 2B aa G fe iSc0 Figs Ua 12) Ge) ata 208 222005 beak ea ae GER SAS SIE Bas Oho BEE Be See ES ga SSas ns os 5 HHOsaS Steg aes ate Pes O48 4 Bi daodsa toca 45 ah 

is Tete, S = & gi q & 38 a & 8 See B 4 a s a a ce a See Obs 3 3 3 3 3 3 Sues 3 s oS ie ee a 2 a Pa cee 2) a ie zi Zion a 
E 1 

EG SMS ges Fs Vosu Bee ge Ae ew Bo os Benet G28 88 Gage Gee ee See age ee ee ge Gkn 2ge So "SE, Esk gs oaa go SF 35 58 Bioe9 g52 88 fset S22 be SEE $8 g§ os 3S wa Sed Se Si gig cad Ss gaa = 33 8 nou oo om Soe 8 oSam 56 BE 8g a eS 25 3a qo a8 ges SS. bees Ext ed G2 8) ge ee fe Asess 88s BO .9Se BAS So Gee of Be Aa 2 5 a WO on Re cerm ee Los ad BSS @e se go eS ee SEE Ss. Bea ean * Gos oe ee ee #38 Ss eivce eo8 £2 e888 BSE GS Geog is Fapce 22 aT RSs fas Si5 2o%e BS oo Sod uae CG Bae ef (eé Sggel Bue SUR Teak ESS Se geese See gS 56 ope ekg eae Budi sg o 9S gino 2H 63 £8 on Ea to 7S Basse £68 S52 8058 sgl 8e Seeies beige 23 ‘Bop Sao Sa 6 Ae shee as Bay o! (Bash oe gdm ghee gee es BRE S 8S2 obs Be 48 Q fk see gas se Bas. 883 22 Souk Sea sen sa os a me Be See Sed Poe ates Eay se Bete cae ,ee as i 8 G of ey peel SeS RSS a BSGS eGbs Sak gis es 2 ° Q “aa Soe gnu aS ARDY UG aS oan ko eek oe Caliet Ss 5 
fs She 2a te eee OS> Sdeu GES tees ate el Geas eos uke tee Se Be Bilge tis gsc 8 £28 oS 13} oboe tre g64 3,69, Ser oun a Peer B=! o aU gq ep ee BS ee eRe SAR REE Paws LY g2¢ SE Bes oc o tc Gee Ota BE oe mea ag esa Sos Agim of sea Rew ofS nS 
aad UPge Cue As eRe 2a5 sor Pek e See Bt eae fe = 
Be Shee BeeM Soo GE EET Be Som eee se Ses y € She 33A a ey OMnEEP ees. EGCIHAS cos Ss seer Geoacaes 645 Osh ZEGSRG BSan «58 C8506 OGa sed Shad Fed HES Ose 23, ae 8 2 4 > D o N oD sh fee se 28 OS ee ee G5 838 

a eA ee = i x % i : : 3 cx So Ss Ss 3 s 3 3 S 3 9 S 3 se oO Ze z Zee, 2 a eae Ba elcal 8 Z S= 
= 6 ; 
iter arson ae 
EN c¢ ny 
eos uy 
ais ee «<Q 

< ax Q : g9osg Q9 
Ome TQ


	Blank Page



