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ABSTRACT

I analyzed temporal trends in populations of the fingernail clam
Musculium transversum to validate recent anecdotal observations of
reductions in their abundance in the upper Mississippi River.
Sufficient historical data (1973-1990) on densities of fingernail clams
were obtained from regional scientists and published literature for
eight navigational pools. Historical data were augmented with field
data collected in 1991. Significant declines in fingernail clam
populations were evident in six of the eight pools examined (Pools 2, 5,
7, 8, 9, and 19; Mann-Kendall test; p < 0.1). The greatest decline in
abundance occurred in Pool 19, which had the longest historic record of
data on fingernail clam abundance. Densities in Pool 19 averaged
32,000/m* in 1985 but declined to near zero by 1988; recovery was not
evident in 1990. Combined data from all eight pools showed a
significant decline in abundance. Declines in populations of fingernail
clams, an important food source for lesser scaup Aythya affinis, gizzard
shad Dorosoma cepedianum, and common carp Cyprinus carpio, may adversely

affect fish and waterfowl. Moreover, these decreases may signal a

deterioration in the health of the riverine ecosystem.
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INTRODUCTION

The upper Mississippi River (UMR) extends from Hastings, Minnesota
to Caruthersville, Missouri. In the 1930s, the U.S. Army Corps of
Engineers constructed a series of 29 locks and dams that created 29
impoundments on the UMR--a nine-foot navigation channel is maintained
within the main channel of each impoundment to provide a navigable
waterway for commercial traffic. Impoundments are numbered consecutively
from upstream to downstream--each impoundment has the same number as the
dam that created it.

The size and reach of the UMR and its tributaries create a complex
and diverse ecosystem (Fig. 1; Fremling and Claflin 1984). Many
different species of freshwater clams and mussels inhabit this
ecosystem. Based on the diversity of species, Pennak (1978) suggested
that these freshwater mollusks probably evolved within the Mississippi
River basin.

Of the many species of mussels and clams found in the UMR, one
common species is the fingernail clam, Musculium transversum (formerly
Sphaerium transversum). Musculium transversum are ubiquitous and occur
in habitats with Tow vegetation density and a soft, silt-sand substrate
(Carlson 1968, Gale 1971, 1975, Anderson and Day 1986). They are
ovoviviparous (Mackie 1978), hermaphroditic, and usually self-fertilize
(Gale 1969). After birth, offspring increase in size for approximately

33 days until sexual maturity is reached. During this maturation

period, they are capable of burrowing into the substrate (Gale 1976a).




Fig. 1. The upper Mississippi River and its major tributaries 1

(from Fremling and Claflin 1984).
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The exact stimuli for this burrowing behavior is not understood (Gale
1976a). In the UMR two reproductive peaks occur each year, one in ;
spring and another in late summer (Gale 1969). Fingernail clams born in
the spring generally reproduce the same year, but those born in the fall j
sequester themselves in the substrate and reproduce the following spring
(Gale 1969).

Fingernail clams play a key role in the aquatic foodweb of the UMR. |
Diving ducks and fish consume large quantities of fingernail clams which
filter nutrients from the water column. When the gizzards of lesser
scaup (Aythya affinis) from Pool 19 were examined, 76% contained
sphaeriids (Thompson 1973). When sampling fish in Pool 19 Jude (1973)
found that stomach contents of gizzard shad (Dorosoma cepedianum)
consisted primarily of fingernail clams and unidentified algae. é
Fingernail clams also are food for leeches (Gale 1969) and parasitic
insects (Foote 1976) that are eaten by fish and wildlife.

Fingernail clams can be used as indicators of changes within an

ecosystem. Significant declines in fingernail clams densities may
indicate a chemical or biological perturbation in the environment. The
effects of a variety of toxicants on fingernail clams have been
assessed, including: metals (Duncan et al. 1987, Anderson et al. 1978,
Sparks and Sandusky 1983), fluoride (Anderson et al. 1978, Sparks and
Sandusky 1983), ammonia (Anderson et al. 1978), and PCBs (Rice and White
1987). Fingernail clams have also been used to evaluate sediment
(Sparks and Sandusky 1983) and water quality (Rooke and Mackie 1984,

Hornbach and Childers 1987). We may be able to determine the sources of
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the perturbation by using the fingernail clam as a biological indicator
of deteriorating water and sediment quality. N

During the 1950s fingernail clam populations declined in the
I11inois River between mile 86.9 at Beardstown, I11inois, for J
approximately 100 miles upstream (Starrett 1972). Moreover, no
fingernail clams were found upstream of Beardstown in a bottom faunal
survey in 1964 (Starrett and Paloumpis 1964). One of the most
noticeable changes that occurred as a result of this decline was the
altered migration pattern of diving ducks. Their southern migratory
route switched from the IT1inois River Valley to the Mississippi River
Valley and coincided with fingernail clam population declines in the
I1linois River (Fig. 2, Mills et al. 1966).

There have been recent anecdotal observations of declines in
fingernail clam populations in the upper Mississippi River, which
prompted my study. The objectives of this study were (1) to determine
if apparent declines in fingernail clam populations are statistically
significant, and (2) to establish where these declines occurred. To
accomplish these objectives, a retrospective analysis of existing data
on fingernail clam abundance was conducted to test the following
hypothesis: W

H,: M. transversum abundance in the UMR has not declined within the
last 20 years.

H,: M. transversum abundance in the UMR has declined within the last

1
|
20 years. }
]
|




Fig. 2. Utilization of the I1linois River and the Mississippi River
bordering I11inois by lesser scaup ducks. Use of the Mississippi
River is represented by the distance from the top line to the
next line, not by the total distance from the top line to the x- ?

axis (from Mills et al. 1966)
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The results of this investigation indicate that M. transversum
populations have statistically declined in six of the eight navigation
pools examined. If data from all eight navigation pools are combined, a

significant decline in fingernail clam abundance was observed for the

450-river mile reach of the UMR from Pool 2 to Pool 19.




METHODS AND MATERIALS

Experimental Design

I began this study by forming a list of individuals and facilities
along the river that routinely collect benthic invertebrate data from
the UMR. This list was generated through literature and consultation
with regional scientists. A personal phone call was made to initiate
contact, and a follow-up letter requesting access to their data was sent
to each person or facility on the list (Appendix II). Colleges and
universities from the states adjoining the UMR were solicited for lists
of theses. These lists were searched for projects pertaining to
macroinvertebrate studies, which were then requested and any useful data
was added to the compilation.

I had initially planned to compare densities of fingernail clams
among habitat types within a pool as well as among pools. However, the
use of habitat type as an experimental unit was precluded by Timited
historic data on fingernail clam densities in different habitats.
Therefore, all data were analyzed on a pool-wide basis. In 1991
additional sampling for fingernail clams was conducted (Table 1) and the
habitat type was retained as the experimental unit. These habitat types

included river-lakes, side channels, sloughs, and main channel borders

(Appendix III).




Table 1. Sampling sites to provide 1991 population ?
densities of Musculium transversum in the upper

Mississippi River.

Pool Habitat types No. of samples ‘ﬁ
‘11

2 river lake 45

5 side channel 12 ;
slough 12 I
main channel border 12 i

é 5A sTough 12 ﬂ
4 main channel border 12 !

E 6 side channel 13
4 sTough 14

A 7 slough 12 E
1 river lake 15 |

A 9 river lake L
1 Botsford Lake 14 i
Launsom Lake 15 l
Lumbar Lake 12 |
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I collected additional data in summer 1991 for those pools of the
river where records on fingernail clam abundance included two or more
years of historical data (excluding Pool 19). Sampling sites were
chosén to estimate current population densities. Only the habitats
listed in Table 1 were sampled because no additional comparative
information would have been gained by sampling habitats that lacked
historical data. Sampling sites were based on known latitude and
longitude coordinates from previous studies, descriptions in published
literature, or personal communication with previous investigators. Once
a sampling site was identified, latitude and longitude coordinates were
taken with a Magellan® Nav Pro 1000, a device that uses satellites to
compute coordinates. Exact sampling locations are included in Appendix

Iv.

Field Methods

A petite ponar grab (area = 0.0225 m*) was used to sample the
benthos for fingernail clams. Three individual samples were taken at
each site, washed through a U.S. Standard #30 sieve tray (595-um mesh),
and carefully examined for live fingernail clams. Samples were sorted
on site because gravid clams are known to abort their young (Gale 1969).
If aborted clams were included, fingernail clam densities would be over-
estimated. Individual M. transversum were removed from the sieve, and
the number of individuals per sample was recorded on a data sheet

(Appendix V). In addition, the navigation pool, habitat type, depth,
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latitude and longitude coordinates, and qualitative estimates of
substrate type and vegetation density were recorded on the data sheet.
Fingernail clams were sorted directly into small, labeled vials

containing 70% ethanol.

Quality Assurance

After initial sorting in the field, one of the three samples from
each site was selected by the roll of a die for a second sorting in the
laboratory. The entire contents of these quality control samples were
placed directly into labeled jars, preserved in 70% ethanol, and
returned to the laboratory for a second sorting. One hundred ninety-
four quality control samples were returned to the laboratory. An
average of 0.32 clams per quality control sample were found. Average
densities of fingernail clams were not corrected for fingernail clams
found during the second sorting in the laboratory. Population densities
were not adjusted because few clams were found in the quality control

samples.

Statistical Analysis

Data were analyzed with the Statistical Analysis System (SAS) (SAS
Institute, Inc. 1985). The data were first tested for normality with
the Kolomogorov D test. The data were not normally distributed;
therefore, a non-parametric method of trend analysis, the Mann-Kendall
test (Gilbert 1987), was used to assess changes in fingernail clam

abundance in the UMR (Appendix VI). The Mann-Kendall test was selected

12




because it can accommodate data that is not normally distributed and
contains missing data points, which was critical in this study. An
alpha-level of 0.1 was used to reject the null hypothesis of no decline
in fingernail clam abundance within the last 20 years.

Historic and current data on fingernail clam (M. transversum only)
densities (No./m?) were recorded. In addition to fingernail clam
density, information pertaining to the original sample collection
including data-source, river, navigation pool, river mile, julian sample
date, original site identification, habitat type, number of samples
collected per site, number of sites sampled per habitat per year, gear
type, mesh size, and biomass data were recorded if available.

Historical data were not used when yearly mean estimates of fingernail
clam abundance were already calculated. Both historic and current data
on fingernail clam abundance were encoded and entered into a database

(Appendix III).
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RESULTS

Historical data on fingernail clam densities were not available from
all pools, nor was sampling done on an annual basis. As a result, there
are several time periods in the database that lack data (Table 2). Pool
2 has no data prior to 1984, Pools 5, 5A, 6, 7, and 8 have missing data
from the Tate 1970s until 1991, and Pool 9 has data on an irregular
basis from 1976 to 1991.

During the time period analyzed, fingernail clam densities in Pools
2 (Fig. 3) and 5 (Fig. 4) have never exceeded 60 clams/m?. During the
1991 sampling season, I found an average of 0.0 clams/m?* in Pool 2 and
2.9 clams/m* in Pool 5 (Table 2). The Mann-Kendall test indicated a
significant (p < 0.002) downward trend in fingernail clam abundance in
these pools (Table 3).

From 1975-1980 population densities in Pools 7 (Fig. 5) and 8
(Fig. 6) were approximately 100 to 200 clams/m?. Densities of
fingernail clams have also been significantly (p = 0.002; p < 0.002
respectively) reduced in these pools, and averaged 23 clams/m®> for Pool
7 and 12.1 clams/m* for Pool 8 (Tables 2 and 3) in 1991.

During 1991 an increase in fingernail clam densities was observed in
Pools 5A (Fig. 7), 6 (Fig. 8), and 9 (Fig. 9) as compared with the most
recent (1978, 1975, and 1990, respectively) data. In Pool 5A, an
increase from 0.8 clams/m* in 1978 to 20.9 clams/m® in 1991 suggests an
increase in abundance, but it was not statistically significant
(p = 0.305) (Tables 2 and 3).

14




Table 2. Mean densities of Musculium transversum in the upper

Mississippi River.

e e S

Pool  Year Mean sD* cv* N°  Reference E
(No. /m?) |
2 1984 56.8  105.8 186.2 20 Hornbach® 4
2 1987 26.7 89.7 336.4 305 Hornbach® |
2 1988 2.1 10.5 494.6 169 Hornbach® {
2 1991 0.0 0.0 - 135 Hornbach® |
4 1973 2.7 6.7 249.5 28 Fremling et al. 1
1973a |
5 1973 8.8 23.8 271.0 43 Fremling et al. |
1973b ]
5 1975 5.9 15.3  259.1 57 Fremling et al. i
1976 |
5 1977 4.6 23.2  502.4 72 Nielsen et al. !
1 1978 1
“ 5 1991 2.9 13.9 485.3 108 This study |
1 5A 1975 180.8  451.7 249.9 17 Fremling et al. i
1976 )
5A 1977 20.6 93.4 452.6 31 Fremling et al.

1976 / Claflin
and Rada 1979

5A 1978 0.8 5.5 708.4 100 Fremling et al. |

1976 ]

5A 1991 20.9 79.6 380.4 72 This study Q

|

6 1973 2.0 5.5 270.2 14 Fremling et al. y

1973c :

6 1975 7.4 21.7 291.0 18 Fremling et al. ]
1976

15




Table 2. Continued.

Pool  Year Mean sD* cv* N°  Reference i
(No. /m?) E
6 1991 18.6  40.2 216.3 81 This study h
|
7 1978  137.9  412.7 299.3 140 Korschgen® ]
7 1979  208.0 1034.7 497.2 316 Korschgen® E

Schall and

Kawatski 1980

7 1991 23.0  62.5 271.7 81 This study ]
8 1975  132.6  644.7 486.1 295 Claflin 1978 .
8 1976  250.8  236.5 94.3 2 Claflin 1978 !
8 1990 10.1  35.0 343.2 133 Brewer’ ;
8 1991 12.1  97.7 809.2 219 Naimo® |
9 1976  610.9  478.9  78.4 42 Eckblad" %
9 1977  330.6  429.0 129.7 42 Eckblad" |
9 1978  308.5  411.9 133.5 42 Eckblad" ﬁ
9 1980 0.1 0.8 1014.9 103 Eckblad" |
9 1989 13.1  29.9 228.5 35 Eckblad" !
9 1990 53.7  146.4 272.5 42 Eckblad" ﬁ
9 1991 111.6  165.0 147.8 123 This study |

10 1973  209.8  285.3 136.0 55 Cawley 1973
| |
14 1989  186.6  184.5  98.9 31 Hornbach® §

19 1973  32434.2 32783.5 101.1 175 Anderson'

16 (:k




Table 2. Continued.

Pool Year Mean Sb* Cv® N° Reference
(No. /m?)

19 1974 10315.
19 1975 17635.
19 1976 14013. 15891.
19 1977 6052. 6721.

8 18859.
7
3
4
19 1978 7120.1 9254.
1
2
3
5
1

24903.

225 Anderson'
200 Anderson’
207 Anderson'
145 Anderson’
145 Anderson’
19 1979 37775. 4340. 10 Anderson’
19 1980 22083. 4431,
19 1981 2813. 5596.
19 1982 18548. 15188.

19 1983 19320. 15861.

5 Anderson’
Anderson’
19 Anderson’

©O W N W 0o N O v O O
= 00 W = O O -~ & N

22 Anderson’
Butts et al.
1982

19 1984  20001.1 19103. . Anderson’
19 1985 30420. 30836. . Anderson’
19 1986 17434, 26456. . Anderson'
19 1987 8273. 10088. . Anderson’
19 1988 425. 446. . Anderson’
19 1989 16. 39. . 7 Anderson’
19 1990 0. 0. Anderson'

22 1974 27. 78. . Colbert et al.
1975

Colbert et al.
1975




Table 2. Continued.

Pool Year Mean sD* cv® N Reference
(No./mz)

25 1974 4.0 11.6 291.0 24 Colbert et al.
1975

26 1974 2.9 10.3 354.1 40 Colbert et al.
1975

27 1974 0.6 1.8 282.8 8 Colbert et al.
1975

* one standard deviation
* coefficient of variation
° number of data points used to calculate the mean

* Hornbach, D., Macalester College, St. Paul, Minnesota -
unpublished data

* Korschgen, C., Northern Prairie Wildlife Research Center,
La Crosse, Wisconsin - unpublished data

" Brewer, S., Iowa State University, Ames, Iowa - unpublished data

? Naimo, T., U. S. Fish and Wildlife Service, National
Fisheries Research Center, La Crosse, Wisconsin - unpublished

" Eckblad, J., Luther College, Decorah, Iowa - unpublished data

' Anderson, R., Western I1linois University, Macomb, I1linois -
unpublished data

18
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Fig. 3. Densities (No./m* £ 1 SD) of fingernail clams (Musculium

transversum) in Pool 2, upper Mississippi River.
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Fig. 4. Densities (No./m> £ 1 SD) of fingernail clams (Musculium

transversum) in Pool 5, upper Mississippi River.
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Table 3. Results of statistical analysis of temporal trends in ﬁ
fingernail clam populations (No./m?) in the upper Mississippi :
River during 1973-1991. The S-value is the Mann-Kendall ?
statistic, which indicates an upward (+) or downward (-) trend

in abundance; Var S = the variance of S; P = probability; and N

= the number of data points used to calculate S. f

Pool S Var S P N f

:

-21797 10046283.6 <0.002* 629 f

5 -3916 756423.2 <0.002* 280 |

5A 350 467720.6 0.305 220 !

6 288 48309.2 0.095* 113 i

! 7 -10966 9867001.1 0.002* 537 ]

z 8 ~21603 12920374.8 <0.002* 649

| 9 -14270 7164416.0 <0.002*% 429 i

1 19 ~183569 387079392.6  <0.002* 1476

AT i
Pools ~2579047 9184654965.7 <0.002* 4333

*statistically significant (p < 0.1)

23




Fig. 5. Densities (No./m* = 1 SD) of fingernail clams (Musculium

transversum) in Pool 7, upper Mississippi River.
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Fig. 6. Densities (No./m* = 1 SD) of fingernail clams (Musculium

transversum) in Pool 8, upper Mississippi River.
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Fig. 7. Densities (No./m° £ 1 SD) of fingernail clams (Musculium

transversum) in Pool 5A, upper Mississippi River.
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Fig. 8. Densities (No./m* £ 1 SD) of fingernail clams (Musculium

transversum) in Pool 6, upper Mississippi River.
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Fig. 9. Densities (No./m*> + 1 SD) of fingernail clams (Musculium

transversum) in Pool 9, upper Mississippi River.
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In Pool 6, there was a significant (p = 0.095) increase in abundance
from an average of 7.4 clams/m® in 1975 to 18.6 clams/m* in 1991 (Tables
2 and 3).

In Pool 9 there was a recent increase from 53.7 clams/m* in 1990 to
111.6 clams/m* in 1991, but long-term trend analysis indicated a
downward trend in fingernail clam abundance since 1976 (p < 0.002)
(Tables 2 and 3). This was due to population densities as high as 610.9
“clams/m* in 1976 (Table 2).

A decline in fingernail clam abundance was most pronounced in Pool
19 (Fig. 10), which had the most complete historical record of data on
fingernail clam abundance. Densities of fingernail clams in Pool 19
averaged 32,000 clams/m* in 1985 and declined to near zero by 1988;
recovery was not evident in 1990 (Table 2).

Although the abundance of fingernail clams increased since 1972 in
one of eight pools examined, the overall trend for the 450-river mile
reach of the UMR (Fig. 11) indicated a significant (p < 0.002 ) decline

in their densities. (Table 3).
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Fig. 10. Densities (No./m> £ 1 SD) of fingernail clams (Musculium

transversum) in Pool 19, upper Mississippi River.
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Fig. 11. Combined densities (No./m* £ 1 SD) of fingernail clams
(Musculium transversum) for Pools 2, 5, 5A, 6, 7, 8, 9,

and 19, upper Mississippi River, 1973-1991.
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DISCUSSION

Fingernail clam populations in the UMR have declined in the past

two decades. This decline in abundance was significant for the pools

examined individually and when data from all pools were combined.

Typically, analyses of benthic macroinvertebrates are limited to
changes in abundance within a small (< 100 km) spatial scale, and even
more often, limited to changes in abundance occurring over a short
temporal scale (< 5 years). The Mann-Kendall test allowed me to analyze
a large database on fingernail clams that included missing data and data
that were not normally distributed. The approach used in this study
allowed me to examine changes in fingernail clam abundance over large
spatial (450-river miles) and temporal (20 years) scales.

Analysis of Pool 19 data, for which the most complete data set on
fingernail clam densities exists, provides a good example of how
comparisons over a long time period aids the interpretation of trends in
fingernail clam abundance. For example, there were declines in
population densities in the late 1970s with a noticeable recovery
occurring in subsequent years. Since the sharp decline in fingernail
clam abundance in 1988, no recovery has occurred. If data from the
1970s or late 1980s were examined independently from each other,
different conclusions might be made. The ability to evaluate data over
time (i.e., with statistical trend analysis) illustrates that normal
fluctuations in abundance do occur, but that the most recent decrease in
fingernail clam abundance may be more severe than previous declines.
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Declines in fingernail clam densities found during this

investigation are similar to temporal trends in fingernail clam

iy abundance observed in the I11inois River during the 1950s. Although no

4’ definite conclusions have been made regarding the cause(s) of the
decline in fingernail clams in the I1linois River, scientists
hypothesize that several factors may have contributed to the decline.

? For example, impoundment of the I11inois River has restricted water

' movement throughout the system and altered water chemistry (Starrett
1972). Increased commercial traffic increased turbidity and caused

frequent bottom disturbances (Sparks et al. 1980). In addition,

declines in fingernail clam populations in the I11inois River occurred i
coincidentally with the time that farmers shifted from a diverse crop
base to one of primarily soybeans and corn (Sparks et al. 1990). This 1
shift toward monoculture may have increased the use of fertilizers, 1
commonly anhydrous ammonia, which could have resulted in more
contaminated runoff flowing into the I11inois River. Fingernail clams
are sensitive to unionized ammonia (Sparks 1979, Zischke and Arthur
1987).

In some respects, the development of the UMR by humans parallels
the development of the IT1inois River (Sparks 1984). Chemical
contamination (Wiebe 1927) and impoundment of the UMR also occurred in
the 1920s and 1930s. Impoundments of the river formed new backwater
habitats--fingernail clams are commonly found in backwater habitats with

silt-sand substrate. Agricultural runoff (GREAT I 1980) and barge

traffic (Jackson et al. 1984) increase siltation in these backwaters
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(McHenry et al. 1984), and may deteriorate fingernail clam habitat. It
is Tikely that population densities will continue to decline as the
destruction of this habitat continues.

Dredging may also contribute to decreases in fingernail clam
populations because dredge tailings are often deposited in areas
inhabited by fingernail clams. When buried, sexually mature adults are
not able to burrow upward out of the tailings (Rogers 1976), which could
reduce the breeding population.

Contamination of the UMR with toxic substances may be affecting N.
transversum populations. Larger clams, which produce more offspring
(Anderson et al. 1991), are more susceptible than smaller clams to some
toxicants under laboratory conditions (Sparks 1979; D. Waller, U. S.
Fish and Wildlife Service, National Fisheries Research Center, La
Crosse, WI, personal communication). If similar tolerances occur under

field conditions, then contaminants could be eliminating the portion of

the breeding population that produces the most offspring. The greater

sensitivity of larger fingernail clams may explain how contaminants are
affecting fingernail clam densities, i.e., young clams may not be able
to meet recruitment needs. Other factors may also be involved with the
declining fingernail clam populations. For example, Gale (1976b)
indicated that parasitic infection of fingernail clams is common and
negatively affects fingernail clam reproduction.

The decline in fingernail clam abundance in the UMR may have
consequences that far exceed those resulting from declines of other
benthic macroinvertebrates. As demonstrated for the I1linois River
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Valley in the 1950s, the decline of one key organism can deteriorate the
quality of an ecosystem. If M. transversum does not recover to
densities seen in the early 1980s, we may observe a decline in diving
duck populations, and a deterioration in fish growth. The decline in
fingernail clams in the UMR may be an early indication of a potential
decrease in the quality of the ecosystem.

This project has set the frame work for further study on benthic

macroinvertebrates in the UMR. The following recommendations are

offered for future research on fingernail clams in the UMR: (1) We need

to develop standardized methods for sampling fingernail clams. (2) We
should continue to monitor their population in order to determine
changes in abundance as they happen, rather than trying to
retrospectively evaluate discontinuous data. (3) In addition,
laboratory studies should be initiated to evaluate possible causes of
these declines.

The health and integrity of the UMR is of economic as well as
ecological importance. Responsible management of this resource relies

on an understanding of the dynamics of this complex ecosystem.
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