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ABSTRACT

Myers-Kinzie, Melody. Ph.D., Purdue University, August, 1998. Factors Affecting
Survival and Recruitment of Unionid Mussels in Small Midwestern Streams. Major
Professor: Anne Spacie.

The purpose of the present study was to investigate natural and anthropogenic
factors affecting the survival and recruitment of unionid mussels in small midwestern
streams. Unionid mussels have been undergoing a decline in many places, and it is
thought that the juvenile is the most sensitive life stage. Because most studies have
focused on larger rivers, the status of mussels in small streams is not well known. This
study focused on the small streams of Tippecanoe County, Indiana, where a survey of 52
sites found streams having from 0 to 26 species. Mussel species richness was positively
correlated with watershed area (r* = 0.91) and fish species (° = 0.80) richness. Using
presence/absence data on fish populations from these streams, a chi-square analysis
indicated factors (p < 0.005) other than host fish availability limited mussel distributions.
Shear stress is thought to be a factor in the failure of juveniles to survive the post-
parasitic period and a significant negative correlation (r' = 0.74) was found between
calculated shear stress at high flow at sites with mussels and number of mussel species
present. A comparison of hydrologic variability of two streams, one with mussels and

one without, for May, June and July showed that the stream with no mussels was

significantly (p=0.03) more variable. Substrate type was less important in determining



adult mussel occurrence. A standardized habitat evaluation protocol designed for fish
(QHEI) was of little utility in predicting mussel occurrence. Acute toxicity testing was
done with artificially cultured Lampsilis siliquoidea juveniles, and 48 hour LC,, results
indicated that the agricultural pollutants ammomnia (0.09 mg N/L), nitrite (0.19 mg N/L),
and potassium (28 mg/L) may be significantly toxic to young mussels. Comparison of
acute toxicity data of juvenile mussels to published reports of these same toxicants with
other aquatic organisms indicates that juvenile mussels are more sensitive to pollutants
than many other taxa. In addition, toxicity testing with agricultural stream water
collected after storm events during peak planting season produced juvenile mortalities
between 20% and 60%. Water quality standards based on other, less sensitive organisms

therefore may not be protective of juvenile mussels.



CHAPTER ONE: INTRODUCTION

Introduction

Freshwater mussels are an integral part of aquatic communities. These bivalve
mollusks, also known as clams or naiads, are members of two families, the
Margaritiferidae and the Unionidae (Fuller, 1974). The life cycle of unionid mussels is
unusual for a mollusk because it includes a larval form, the glochidium, which is parasitic
on fish. Mussels may be found in any freshwater environment but have reached their
greatest development, in both number of species and individuals, in flowing water (Coker
etal., 1921).

During evolutionary time, ancestral mollusks developed in a marine environment
and later expanded their range through estuaries into rivers and then streams (Vannote et
al., 1980). Freshwater mussels are found on every continent except Antarctica
(Cummings and Mayer, 1992). The molluscan fauna of Indiana is entirely post-glacial
(Goodrich and van der Schalie, 1944). Call (1897) considered the state of Indiana to be
divided into 10 hydrographic basins, of which the Wabash and Ohio Rivers contained the
richest molluscan faunas. The Wabash River in the vicinity of Lafayette, Indiana
represents a zone of transition between small-river and large-river conditions, and thus

supports a surprisingly high number of unionid species (Goodrich and van der Schalie,



(3]

1944), with 43 unionid species occurring in the Tippecanoe County section of the
Wabash (Cummings et al., 1992). The Tippecanoe River is a major tributary of the
Wabash, and retains excellent unionid habitat as well as species diversity (Ecological
Specialists Inc, 1993), with 31 unionid species occurring in the Tippecanoe County
section of the Tippecanoe River.

Freshwater mussels have been described as “peculiarly victims of circumstance at
all stages of existence” (Coker et al., 1921). Their benthic nature, and their unique life
cycle which depends on host fish leave them vulnerable to a variety of environmental
pressures. There are 297 native freshwater mussel species in the United States and
Canada; of these, 71.7% are considered endangered, threatened, or of special concern
(Williams et al., 1993). The Nature Conservancy (1998) estimates that more than 1 in 10
mussel species may have become extinct during this century, and lists mussels as the
most imperiled group of organisms in the United States.

Biological factors such as predation and parasitism may limit mussel distribution.
Parasites such as flukes or water mites can become very damaging to mussels in degraded
environments (Fuller, 1974), and muskrat predation jeopardizes some small populations
of endangered species (Neves and Odom, 1989). A recent biological factor of primary
importance affecting unionids in the Great Lakes drainages and other areas infested by
the exotic zebra mussel (Dreissena polymorpha) is competition. Large groups of zebra
mussels colonize a unionid shell, thus hindering normal valve movement and competing

for food resources (Mackie, 1993). Native mussels in areas infested with zebra mussels



have experienced reduced fitness and high mortalities (Haag et al., 1993; Schloesser et
al., 1996; Nalepa et al., 1996).

In 1900 the naturalist R.E. Call stated that “the greatest enemy of molluscan life is
man”. Although the native peoples of North America harvested freshwater mussels,
comparison of prehistoric middens with early mussel surveys indicates that the species
composition of North American streams had not changed significantly for at least six to
eight thousand years before European settlement (Stansbery, 1970). The arrival of
European settlers led to massive changes in land use and the rise of the pearl button
industry, started in 1887 by J. F. Boepple (Parmalee, 1967). The pearl button
manufacturing process used freshwater mussel shells as raw material and by 1928 was
harvesting 40,000 to 60,000 tons of shells annually from the Wabash and other rivers of
the Mississippi drainage (Call, 1900; Parmalee, 1967). Although the increased use of
plastic as a button material had caused the demise of the pearl button industry by the end
of World War II, renewed interest in mussel harvest was stimulated by the rise of the
Japanese cultured pearl market (Starrett, 1971). Pellets of unionid shells are used as
cultured pearl seed material by being implanted into oysters. Unionid shells are the
preferred material because of their hardness and translucence, and the resulting pearl is
composed entirely of nacre (Parmalee, 1967). Mussel shells from the Wabash River
system were considered to be of such exceptional value to the cultured pearl industry that
by 1966 mussel stocks, facing intense pressure by harvesters using brail bars and SCUBA

equipment, were seriously depleted (Krumholz et al., 1970). Serious concern about the



condition of Indiana’s mussel resource led to the 1991 closing of the commercial mussel
harvest (Anderson et al., 1993).

Most status surveys have focused on large rivers because of the commercial
importance of the mussel resource. Small streams have not been a primary target for
commercial harvest and thus have not been surveyed to the same degree. Mors
information on the mussel fauna of Indiana’s smaller streams is important since small
streams have the potential to serve as refugia for many species (Weilbaker et al., 1985).
The limited data that are available on small streams indicate that not all of them are
functioning as refugia. For example, despite the Tippecanoe River being excellent
mussel habitat, a survey of selected Tippecanoe River tributary streams revealed a sparse
unionid fauna, possibly linked to problems with water quality and/or habitat modification
(Ecological Specialists Inc, 1993). Small and/or isolated populations of unionids may be
subject to reproductive failure or genetic isolation (Downing et al., 1993), thus dooming

them to decline and eventual extirpation.

The essential role of fish in the mussel life cycle

Many unionid mussels are long-lived, with adults of many species living 10 years
or more and some species surviving up to 130 years (Bauer, 1987). Mussel reproduction
begins when sperm from a male is released into the water. Some of the sperm are then
drawn along with water into the body of a mature female to fertilize eggs. The embryos

are retained within the marsupia (modified gill chambers) of the female during the early



stages of development. Depending on species, all four gills, only the outer gills, or
special parts of the outer gill are used as marsupia (Pennak, 1978). Each female can
produce a brood size of 10 *to 10 ®embryos and the length of time they are retained varies
by species (McMahon, 1991). When the glochidium is mature it is released from the
marsupium into the surrounding water. The glochidium consists of two hinged valves
lined with a layer of mantle cells and a single adductor muscle. The mantle contains tufts
of sensory hairs to assist in the location of a host fish. Glochidia finding a suitable fish
host encyst in gill, skin, or fin tissues and enter a temporary parasitic stage. Those not
finding a suitable fish host usually die within several days. During encystment, the blood
of the fish provides for the glochidium’s metabolic needs and glochidial morphology
changes to form most of the adult mussel organ systems. At the end of the parasitic
period, the young mussel leaves the cyst and begins life as a free-living juvenile mussel
(Pennak, 1978). Many more glochidia are produced than will ever become adult mussels.
In a study of Anodonta grandis simpsonia (northern floater) in Alberta, Canada, Jansen
and Hanson (1991) estimate that only 0.007% of all glochidia will ever reach the post-
parasitic stage, and that the mortality rate of juvenile mussels from the time of

excystment to the age of sexual maturity will be from 82 to 91 %.

There are advantages of a parasitic as opposed to the typical bivalve planktonic
stage. In river environments, parasitism on fish provides protection from being swept
away by swift currents (Wood, 1974). The fish hosts broadly disperse the young mussels

(Fuller, 1974) and protect them from predators at a vulnerable time (Wood, 1974).



Dispersal by fish which are habitat-specific can increase the probability that the juvenile
mussels will encounter suitable habitat upon excystment (Kat, 1984). Although it is
accepted that the host-parasite relationship is a specific one, the identities of fish hosts for
most mussel species are poorly known. Among the known mussel hosts, the sunfish
family (Centrarchidae) are the most important host family. Also important are the
freshwater drum (Sciaenidae) which hosts at least 11 species of mussels, and the sauger
(Percidae). A river study by Neves and Widlak (1988) support the idea of fish host
specificity because the most abundant fish were not necessarily the most infested with
glochidia. Yeager and Neves (1986) found sloughing of glochidia by nonhost fish within
a few hours after attachment. Sloughed glochidia with open valves were found to lack

body tissue, indicating some type of cytolytic disintegration.

After excystment, the juvenile mussel becomes a free-living organism. The
juvenile stage lasts from one to eight years, until sexual maturity (Pennak, 1978). Unlike
adult mussels, juveniles are unable to avoid environmental stress by prolonged valve
closure. Because of the small size of the juvenile, field studies of them are few and
knowledge of their ecological needs is limited. The advent of artificial culture techniques
(Isom and Hudson, 1982), despite being technically complex and labor-intensive,
eliminated the need for a fish host to produce juvenile mussels in the laboratory and

allowed further research with this important life stage.

The presence of glochidial hosts is crucial to the mussel life cycle, and yet fish

populations of small streams are also not as well-studied as those in larger rivers. Water



pollution, sport and exotic fish species introductions, channelization, snag removal and
impoundments can disturb the fish fauna, thus eliminating glochidial hosts (Fuller, 1974;
Neves, 1993). Thus it is important to examine host fish distributions when analyzing

mussel distributions.

Habitat features of headwater streams

Freshwater mussels have reached their greatest development in flowing water
(Coker et al., 1921). Lotic ecosytems are characterized by a high-level of spatio-temporal
heterogenity (Ward, 1989). Within some stream systems, going downstream from
headwaters presents a continuous gradient of conditions (Vannote et al., 1980). The river
continuum concept proposed by Vannote describes a “typical” system such as those in
mountainous regions in which headwater reaches were shaded by riparian forests. In
contrast, Wiley et al. (1990) describes a very different longitudinal structure for
agricultural watersheds. The headwater streams in these agricultural watersheds typically
do not have shading vegetation along their banks, and thus exhibit high daily temperature
fluctuations and increased algal productivity.

Of the 3.25 million miles of flowing water in the continental United States, 85%
are headwater streams (Miller et al., 1987). However, headwater streams in agricultural
areas are often viewed merely as a means of transporting water away from the land (Karr
and Schlosser, 1977). It is in the headwater streams that the maximum terrestrial-aquatic

interface occurs (Vannote et al., 1980), thus headwater streams are a critical part of both



terrestrial and aquatic systems. Agricultural streams are often channelized and riparian
vegetation removed. Channelization destroys nearly all the characteristics of a natural
stream by decreasing habitat complexity, and increasing erosion and sediment transport
(Karr and Schlosser, 1977). Removal of riparian vegetation from headwater streams can
result in water temperature increases of 6-9 ° C while depriving stream biota of a major
energy source (Karr and Schlosser, 1977). Thus it is critical to understand the ecological
dynamics of agricultural streams.

In agricultural streams, the quality of the riparian zones and types of land uses
impact the mussel habitat suitability of the stream channel. A reproductive population of
the federally endangered purple catspaw (Epioblasma obliquata obliquata) was
discovered in Killbuck Creek (Ohio), however segments of the creek where the adjacent
land was intensively farmed yielded very few living mussels compared to reaches flowing
through wooded areas. The farmed areas lacked woody riparian vegetation, had
significant erosion problems, and livestock often had access to the stream (Hoggarth et
al., 1995).

Other physical factors, including substrate, hydrology, and slope, can also affect
mussel distributions (Strayer, 1983). Substrate instability and bed scour during flood
events may be significant factors limiting mussels (Vannote and Minshall, 1982; Layzer
and Madison, 1995) and hydrologic patterns have been used to predict mussel
distributions (DiMaio and Corkum, 1995). Most of these studies have focused on rivers

and their larger tributaries instead of the smallest streams.



Physical habitat quality can differ greatly between similar sized streams in the
same geographic vicinity or even between reaches in one stream. In addition to
variations in substrate type, slope, and hydrologic patterns, many agricultural streams
have been channelized either in whole or in part. Riparian zones vary from a thin strip of
grass to extensive woody vegetation and riffle-pool sequences range from well-developed
to non-existent. The potential of physical habitat quality to limit mussel distributions and
the lack of such studies in small agricultural streams indicate that this is an important

topic for research.

Water quality problems

Field studies often point to water quality as the major problem in declining mussel
populations. Watters (1994) surveyed the Big Darby Creek system in Ohio and found
mussel populations depressed in areas impacted by inadequately treated sewage from
housing developments, runoff from highway and housing construction, sand and gravel
quarries, and livestock with free access to the stream. In a European study, Bauer (1988)
found increased mortality of the freshwater pearl mussel Margaritifera margaritifera
associated with river eutrophication.

Water pollutants which have been shown in laboratory studies to affect adult
unionid mussels include metals (Naimo et al., 1992;), potassium (Imlay, 1973), the
insecticide Dimecron (Kulkarni and Keshavan, 1989), the lampricide 3-trifluoromethyl-4-

nitrophenol (Maki et al., 1975), and suspended solids (Aldridge et al., 1987). Because of
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their inability to close their valves for prolonged periods, juvenile mussels are more
sensitive than adults to pollutants. Studies of toxicity testing with juvenile mussels
include metals (Keller and Zam, 1990; Warren, 1996; McCann, 1993; Jacobson et al.,
1993), pesticides (Johnson et al., 1993) and pore water (Wade, 1992). However, the
species used in most of these studies is Utrerbackia imbecillis (paper pondshell) which is
not typically a lotic species.

Agricultural streams have unique water quality problems in that they are the direct
recipients of surface and subsurface agricultural runoff. Because of the relatively smaller
size of these streams, pollutants from row crop agriculture and livestock operations are
not diluted to the same extent they would be in a larger stream. The lack of data on the
effects of pollutants on juveniles of typical headwater species limits our understanding of

the relationship between water quality and mussel distribution.

Goal of study

The overall goal of this research was to evaluate natural and anthropogenic factors
affecting the distribution and survival of mussels within small streams in an agricultural
region. All streams in this study are within Tippecanoe County, Indiana and are
tributaries of the Wabash and Tippecanoe Rivers. A survey was conducted initially to
evaluate mussel populations within the study area, and to compare mussel distributions to
watershed area, fish diversity, and host fish distributions. Selected sites were further

characterized by physical habitat variables which could affect mussel survival and
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recruitment, including substrate composition, hydrologic variability, slope and shear
stress. Toxicity testing with laboratory cultured juvenile Lampsilis siliquoidea, a
common headwater species, was conducted to investigate the effects of common
pollutants associated with agricultural runoff on mussel survival. Toxicity testing was
also conducted with laboratory cultured juvenile L. siliguoidea with stream water samples
from two headwater sites to evaluate their effects on mussel survival. The results of this
study provide resource managers with information necessary for determining the status of

mussel populations in small streams.
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CHAPTER TWO: OCCURRENCE AND DISTRIBUTION OF FRESHWATER
MUSSELS WITHIN SMALL STREAMS OF TIPPECANOE COUNTY, INDIANA

Introduction

Surveys of freshwater mussels (unionids) in North America have documented
declines of mussel species diversity and reduced distributional ranges (Meyer, 1968;
Dineen, 1971; Cummings et al., 1992). Of 297 native freshwater mussel species in the
United States and Canada, 71.7% are considered endangered, threatened, or of special
concern (Williams et al., 1993). The Nature Conservancy (1998) estimates that one in ten
mussels may have become extinct during this century alone. Changes in mussel
populations may be a good indicator of stresses to the stream ecosystem caused by
agriculture, industry, or urbanization (Dineen, 1971).

Unionids have a unique life cycle in that the larval stage, the glochidium, is
parasitic on a vertebrate, usually fish, host. The glochidium undergoes transformation
into a juvenile mussel during this parasitic phase. The host-parasite relationship may be
specific in that only certain species of fish may serve as glochidial hosts for any given
mussel species. When transformation is complete, the juvenile mussel detaches from the
fish and begins life as an independent organism (McMahon, 1991). The movement of
fish bearing glochidia is the main mechanism of unionid dispersal. Whether a mussel can

then survive in any given location therefore depends on immediate environmental
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conditions and chance events such as droughts, floods, and exposure to pollutants
(Watters, 1992).

Most status surveys concentrate on larger rivers because of the commercial
importance of species found there. Small streams are generally underrepresented in
mussel status reports because they are not included in most stream surveys and mussel
populations are usually not assessed as part of most stream faunistic surveys which
usually focus on fish and/or aquatic insects. Recent regional mussel surveys which did
include small streams include the Sangamon River Basin, Illinois (Schanzle and
Cummings, 1991), the Big Darby Creek system, Ohio (Watters, 1994), a few selected
tributaries of the Tippecanoe River, Indiana (Ecological Specialists, Inc., 1993), and the
St. Joseph River system, Indiana (Watters, 1988).

Factors affecting whether or not a small stream will support mussels include
presence of host species, size of watershed area, and suitability of habitat. Mussels
thought to be typical headwater species include Anodontoides ferussacianus, Alasmidonta
viridis and Lasmigona compressa (Cummings and Mayer, 1992), but because of the lack
of small stream mussel survey data, it is not known the extent to which these streams
might support additional species.

Tippecanoe County, located in west central Indiana, includes a variety of small
streams as well as the confluence of the Tippecanoe with the Wabash River. Land use in
the county is primarily agricultural but is undergoing rapid urbanization. The Wabash
River flows through the county from northeast to southwest, and all streams in the

county, including the Tippecanoe River, are tributaries of the Wabash. The Tippecanoe
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and Wabash River watersheds contain a high diversity of unionid fauna (Goodrich and
van der Schalie,1944; Cummings and Berlocher, 1990). Recent mussel surveys in the
middle Wabash drainage include the Wabash and Tippecanoe Rivers (Cummings et al.,
1992), the Tippecanoe River (Ecological Specialists Inc., 1993) and the Middle Fork of
Wildcat Creek (Henschen, 1990), so the present study did not include these waterways.
Tippecanoe County is an especially good location to address these issues because of
recent surveys of fish and large river mussels, and rapid changes in land use.

There are many potential variables controlling the occurrence and distribution of
mussels, including water quality issues and physical habitat suitability. However,
fundamental to the perpetuation of mussel life is the presence of host fish. The size of the
watershed can also influence fish populations and therefore mussel populations (Watters,
1993). Because of this unique host-parasite relationship, the discussion of factors
affecting mussel distribution will examine of the effects of watershed size and fish

diversity, and compare mussel distributions with host fish distributions.

Objectives

This study was undertaken to determine the occurrence and distribution of
mussels in 12 small stream systems within Tippecanoe County, Indiana. This distribution
was correlated to the watershed area and fish species richness of the stream systems to
determine the relationship of these factors on mussel species richness. Host fish

distributions were compared to the presence or absence of mussels in each stream system
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to determine the extent to which host fish availability limits mussel distribution. This

study will serve as a baseline for future work with small stream mussel populations.

Methods

A mussel survey was conducted at 52 sites within twelve watersheds in
Tippecanoe County, Indiana (Table 1, Figure 1) in June through August 1995. These
same sites had been surveyed for fish in 1994 (Fisher et al., in press). Sites were
distributed to include the large variability of habitat within the study streams. Included
were channelized agricultural ditches, unaltered small streams with forested riparian
corridors, and a designated scenic waterway (Wildcat Creek) of moderate size. Stream
orders at the sites varied from second (Site 7) to fifth (Site 34). The smallest stream was
Bridge Creek, with a total watershed area of 16 km® and the largest was Wildcat Creek,
with a total watershed area of 2085 km® (Hoggatt, 1975). A supplemental survey of three
additional sites on the lower reaches of Little Pine Creek in Warren County, Indiana,
which is west of Tippecanoe County, was conducted in September, 1996. Each site was
surveyed once each by walking for a length of stream bed covering at least three riffle-
pool sequences. Search efforts varied from a minimum of 2 person-hours at the smallest
sites to at least 10 person-hours at the largest sites on Wildcat Creek. All types of habitat
were visually searched, including banks, gravel bars, pools and riffles. Visible trails in
the substrate were searched by hand digging to locate burrowed mussels. At each site,

the number and species of live mussels and mussel shells were



Table 1. Collection sites in Tippecanoe County, Indiana. Sites are grouped by

watershed.

Site Number Location Latitude Longitude

1. Big Shawnee Creek at SR 25 40° 14.361° 87° 04.402’
2. Little Pine Creek at County Line Rd. 40° 25.354 87° 05.555°
3. Little Pine Creek at SR 26 40° 26.740° 87°04.193°
4. Little Pine Creek at CR 800W 40° 28.496° 87° 03.282°
5. Little Pine Creek at US 52 40° 28.829" 87°02.782°
6. Little Pine Creek at CR 500N 40°29.421° 87°01.53%
7. Otterbein Ditch at CR 500N 40°29.428* 87°05.291°
8. Flint Creek at Turner Rd. 40°21.287° 87°05.421°
9. Flint Creek at CR 510S 40° 20.413° 87°04.018°
10. Flint Run at CR 600S 40° 19.818> 87°02.045°
11. Indian Creek at Division Rd. 40°25.048> 87°02.512°
12. Indian Creek at Goose Creek confluence 40°26.504> 87°01.424°
13. Indian Creek at CR 400W 40°27.817° 86°58.813°
14. Indian Creek at CR 600N 40°30272° 86°57.307°
15. Wea Creek at Eli Lilly Rd. 40° 23.094° 86° 56.876°
16. Wea Creek at SR 25 40°22.810° 86°56.137°
17. Wea Creek at Little Wea Creek confluence 40°22.317° 86° 55.838°
18. Wea Creek at CR 200E 40° 20.235° 86°51.657°
19. Wea Creek at CR 800S 40° 18.099° 86° 50.245°
20. Wea Creek at CR 100E 40° 16.498" 86°53.103°
21. Wea Creek at US 231 40° 16.354° 86° 54.198°
22. Kellerman-Leaming Ditch at SR 28 40° 15.513° 86° 54.407°
23. Loafland Ditch at CR 1200S 40° 14.644°  86° 54.440°
24. Little Wea Creek at mouth 40°22.310° 86° 55.833
25. Little Wea Creek at CR 500S 40° 20.705° 86°55.307°
26. Little Wea Creek at CR 800S 40° 18.082°  86° 55.409’
27. Montgomery Ditch at CR 950S 40° 16.846  86° 57.985°
28. Montgomery Ditch at SR 28 40° 15.516° 86° 59.806°
29. Kenney Ditch (Dismal Creek) at CR 250E  40°20.199° 86° 51.344’
30. Burnett Creek at Burnett Rd. 40°29.369° 86°51.992°
31. Burnett Creek at SR 225 40° 30.669°  86° 50.400°
32. Burnett Creek at CR 650N 40° 30.683° 86° 54.705°
33. North Fork Burnett Creek at CR 650N 40° 30.757° 86°52.256’
34. Wildcat Creek at mouth 40°28.263° 86°51.490°
35. Wildcat Creek at Eisenhower Rd. 40° 26.448>  86° 49.792°
36. North Fork Wildcat at CR 900E 40°27.283" 86° 43.990°
37. North Fork Wildcat at County Line Rd. 40°27.689° 86°41.696°




Table 1, continued

Site Number Location Latitude Longitude

38. South Fork Wildcat at CR 200S 40°23.309° 86°45.771°
39. South Fork Wildcat at CR 500S 40°20.628° 86° 44.716°
40. South Fork Wildcat at CR 900E 40°19.180° 86°43.976°
41. South Fork Wildcat at CR 1075E 40°19.693>  86°42.043°
42. Lauramie Creek at New Castle Rd. 40° 18.801° 86° 44.940
43. Lauramie Creek at US 52 40°17.043° 86° 44.037°
44, Buck Creek at Stair Rd. 40°29.776> 86° 48.459°
45. Buck Creek at CR 600E 40°29.445° 86° 47.546°
46. Sugar Creek at mouth 40°30.782> 86° 47.296’
47. Sugar Creek at CR 775E 40°30.924> 86° 45.449°
48. Moots Creek at mouth 40°32.286> 86° 46.786°
49, Moots Creek at Pretty Prairie Rd. 40° 32.407° 86°47.022°
50. Moots Creek at Tyler Rd. 40°33.043° 86° 47.304°
51. Bowen Ditch at CR 950N 40° 33.285° 86°44.150°
52. Bridge Creek at SR 25 40°32.594° 86°43.41%°




23

rd - v ?} -
i N 4%3)9 $/3% /“
- S 87 Bridge
Bumett ugar
Otterbein 3130 ¢ 3X3 o @ s 4
Ditch 144 29 Buck
7 - ’
() 6 b@,\‘ 30 44 45 N Fork
O i e Wildcat
(V7- 34
. 15 . 3
g k]
- QS ‘ e >
7 ,V. ) 12 W. Lafayette 5 36
' Lafayette
> 1Q S. Fork
Wildcat
: 380
P4 13XR) 16 o
' 24 ‘. L7 <
S .
Flmt ‘25 18 29 _)9
o @), :
9 ()
10 \
20 0
26
» O
\\‘\6 vi 2 43
N ¥ o SLLRES _
® Q] Lauramie
" Big,Shawnee ()28 22
1 238 _
5 miles Z

Figure 1. Map of Tippecanoe County, Indiana mussel survey sites within twelve

watersheds.
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recorded. Specimens were classified as live, fresh dead or weathered dead. Fresh dead
shells were categorized as having the hinge ligament unbroken or the periostracum
largely intact. Live mussels were identified in the field and returned to the stream, with
voucher specimens being collected from shells only. Identifications were made using the
taxonomuic references of Oesch (1984), Watters (1995) and Cummings and Mayer (1992),
and by examination of specimens housed in the Indiana State Museum. Voucher
specimens are located at Purdue University.

Information on mussel species distributions was compared with fish species
distributions for these sites (Fisher et al., in press.) and host fish species lists (Watters,
1995). Regression analyses were done (Microsoft Excel) to evaluate the relationships
between the number of mussel species versus the log of the watershed area, and between
the number of mussel species present by stream system versus number of fish species
(Table 2). One watershed area regression analysis included Tippecanoe County mussel
data from the Wabash and Tippecanoe Rivers (Cummings et al., 1992), but excluded Big
Shawnee Creek. Big Shawnee Creek was not included since only one site was surveyed
on the upstream portion of Big Shawnee Creek and the remainder of the stream which
continues through Fountain County, Indiana was not surveyed. A second watershed area
regression analysis included only those stream systems less than 500 km®. From the
presence/absence data on host fish it was possible to determine the expected occurrence
of mussels assuming the presence of host fish was the only factor limiting mussel
distribution. A chi-square analysis was performed to compare the expected and observed

occurrences of mussels by stream system.
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Table 2. Mussel and fish species richness in relation to watershed areas by stream
system. Mussel species includes live, fresh dead and weathered dead. Watershed areas
are reported to the mouth of stream, except for the Wabash River, which shows the
drainage area to Lafayette, Indiana. Expected number of mussel species is based on the

presence of host fish species.

Code System Watershed area Expected

(km?)* Mussel
Species

A Bridge Creek 16 0 9 14

B Bowen Ditch 22 1 9 8

C Buck Creek 3 1 12 7

D Sugar Creek 74 3 30 21

E Indian Creek 77 1 21 19

F Flint Creek 100 2 23 18

G Moots Creek 133 3 39 22

H Little Pine Creek 135 11 33 23

I Burnett Creek 139 | 23 21

J Big Shawnee Creek 167 1 15 14

K Wea/Little Wea Creek 422 7 49 21

L Wildcat Creek 2085 26 56 28

M Tippecanoe River 5050 31° 55 ¢

N Wabash River 19397 43¢ 80 d

* Hoggatt, 1975
®Fisher et al.. (in press)
¢ Cummings et al., 1992
4not calculated
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Results

Twenty-eight species of mussels (Table 3) were found during the survey, and of
these, 219 individuals of 18 species were found alive (Table 4). Three species (Lampsilis
siliquoidea, A. ferussacianus, and Pyganodon grandis) were the most commonly found
alive, comprising 72.2% of the total. Uncommon species were Strophitus undulatus,
Alasmidonta marginata, Lampsilis teres, and Ligumia recta, each being represented by
one live individual.

All stream systems surveyed showed evidence of unionid life, whether in the form
of live individuals or shells, except Bridge Creek. Only weathered shells were found in
Indian Creek, Buck Creek, Flint Run (site 10), Dismal Creek (site 29), and Sugar Creek.
Flint Run is a tributary of Flint Creek, and Dismal Creek is a tributary of Wea Creek.
Only one weathered shell fragment of 4. ferusscianus was found in Indian Creek at site
13, and one weathered valve of Actinonaias ligamentina was found in Buck Creek at site
44,

Of all live mussels found during the study, 58% were L. siliquoidea . They were
found alive at five Wildcat Creek sites, and shells of this mussel were found at all
Wildcat Creek sites. They were also found living in Lauramie, Wea, and Little Pine
Creeks.

Anodontoides ferussacianus and A. viridis were found in headwater areas during
this study. Twenty-one live 4. ferussacianus were found, representing 9.6% of total live
mussels, in Little Pine Creek, Wea Creek, and Moots Creek. Four live A. viridis

specimens, representing 1.8% of total live mussels, were found by hand digging at the



Table 3. Mussel species found during the study, categorized as live, fresh shell, or
weathered shells. The numbers refer to sites listed in Table 1.

Actinonaias ligamentina Mucket
Live:37
Fresh: 34, 35, 36, 37
Weathered: 35, 37, 44
Alasmidonta marginata Elktoe
Live:37
Fresh: 36, 38
Weathered: 34, 36
Alasmidonta viridis Slippershell
Live: 1, 20
Fresh : 3, 20, 21,27
Weathered: 1,10, 17, 18, 19, 21, 22, 24, 36, 40, 46
Anodonta (= Pyganodon) grandis Giant floater
Live: 3,4,5, 34, 36, 37
Fresh: 3,4 34 36, 38
Weathered: 2,36, 37
Amblema plicata Three ridge
Weathered: 35, 36, 37
Anodonta (=Utterbackia) imbecillis Paper pondshell
Live: 4
Fresh: 4
Weathered: 36
Anodontoides ferussacianus Cylindrical papershell
Live: 4, 22, 23, 50
Fresh: 3, 4, 20, 21, 23, 26, 32, 33, 40, 41, 43, 48
Weathered: 10, 13, 15, 18, 19, 20, 11, 22, 24, 26, 29, 30, 31, 32, 33, 34, 37,
39, 40, 42, 46, 47, 48, 49, 50
Cyclonaias tuberculata Purple wartyback
Weathered: 37
Elliptio dilatata Spike
Fresh: 37
Weathered: 35
Fusconaia flava Wabash pigtoe
Live:19, 20
Fresh: 2, 3, 20, 36, 38
Weathered: 2, 19, 34, 35, 36, 37, 40, 41
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Lampsilis cardium Plain pocketbook
Live: 19, 34, 36, 39, 40
Fresh: 22, 34, 35, 36, 38, 40
Weathered: 17, 18, 20, 21, 22, 24, 34, 35, 36, 37, 38, 39, 40, 41, 49
Lampsilis luteola(=siliquoidea) Fatmucket
Live: 2, 3, 4, 19, 20, 21, 22, 34, 36, 37, 40, 41, 42, 43
Fresh: 2, 3, 4, 20, 21, 22, 36, 39, 40, 41
Weathered: 2, 18, 19, 20, 21, 22, 23, 34, 35, 36, 37, 38, 39, 40, 41
Lampsilis teres Yellow sandshell
Live: 37
Fresh: 36
Weathered: 36
Lasmigona complanata White heelsplitter
Live: 37
Fresh: 38
Weathered: 34, 35, 36, 37
Lasmigona compressa Creek heelsplitter
Live: 4, 22
Fresh: 3, 41, 49
Weathered: 46
Lasmigona costata Fluted shell
Fresh: 38,40
Weathered: 36, 37,40
Leptodea fragilis Fragile papershell
Live: 34, 35
Fresh: 34, 35
Weathered: 35
Ligumia recta Black sandshell
Live: 34
Fresh: 36, 38
Weathered: 34, 35, 36, 37, 39, 40, 41
Pleurobema clava Clubshell
Weathered: 36, 37
Potamilus alatus Pink heelsplitter
Live: 34
Fresh: 34
Quadrula pustulosa Pimpleback
Fresh: 36
Weathered: 35, 36
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Quadrula quadrula Mapleleaf
Fresh: 35
Weathered: 35
Strophitus undulatus Squawfoot
Live: 4, 37
Fresh: 36, 38, 40
Weathered: 34, 35, 36, 37
Toxolasma lividus Purple lilliput
Live: 3
Fresh: 3
Toxolasma parvus Lilliput
Live: 4
Fresh: 3, 20, 36, 51
Weathered: 4, 16, 18, 20
Tritogonia verrucosa Pistolgrip
Fresh: 35
Weathered: 35, 36, 37, 38
Truncilla truncata Deertoe
Fresh: 34
Uniomerus tetralasmus Pondhorn
Fresh: 3,4
Weathered: 4




Table 4. Abundance of live mussels found during Tippecanoe County survey. The
percentage of the total collection for the county is also shown.

Species Number of live mussels  Percentage
Lampsilis siliquoidea 127 58%
Anodontoides ferussacianus 21 9.6%
Anodonta (=Pyganodon) grandis 21 9.6%
Toxolasma parvus 11 5.0%
Utterbackia imbecillis 7 3.2%
Lampsilis cardium 5 2.3%
Fusconaia flava 4 1.8%
Alasmidonta viridis 4 i.8%
Leptodea fragilis 4 1.8%
Lasmigona complanata 3 1.4%
Actinonaias ligamentina 2 0.9%
Lasmigona compressa 2 0.9%
Toxolasma lividus 2 0.9%
Potamilus alatus 2 0.9%
Strophitus undulatus 1 0.46%
Alasmidonta marginata 1 0.46%
Lampsilis teres 1 0.46%
Ligumia recta 1 0.46%
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end of visible mussel trails in Wea and Big Shawnee Creeks. Thirteen sites on Big
Shawnee Creek, Wea Creek, Little Wea Creek, Little Pine Creek, Sugar Creek, South
Fork Wildcat Creek and Flint Run yielded either live mussels or shells of 4. viridis.

Lasmigona compressa were also found in headwater areas. They were found live
or as shells at sites in Little Pine Creek, Wea Creek, South Fork Wildcat Creek, Moots
Creek, and Sugar Creek. Only 2 live individuals (sites 4 and 22) were found,
representing 0.9% of total live mussels.

Three species found in both smaller streams and in the larger Wildcat Creek
system were P. grandis, Lampsilis cardium and Fusconaia flava. Live P. grandis
represented 9.6% of total live mussels, and were found as shells or live individuals in
Little Pine Creek and Wildcat Creek. Lampsilis cardium was found in Wildcat Creek and
Wea Creek, including a live mussel at Wea Creek site 19, and Wildcat Creek sites 34, 36,
39, and 40. Fusconaia flava was found in Wea, Little Pine and Wildcat Creeks, including
live individuals at Wea Creek sites 19 and 20.

Evidence of 26 species of mussels was found in the Wildcat Creek system, and of
these, nine species were found alive. Species found only in the Wildcat Creek system,
whether as live mussels or shells were A. marginata, Amblema plicata, Cyclonaias
tuberculata, Elliptio dilatata, L. teres, Lasmigona complanata, Lasmigona costata,
Leptodea fragilis, L. recta, Pleurobema clava, Potamilus alatus, Quadrula pustulosa,
Quadrula quadrula, Tritogonia verrucosa, and Truncilla truncata. Mussel species which
were found either as live individuals or shells only in the downstream portion (sites 34

and 35) of Wildcat Creek were Q. quadrula, L. fragilis, P. alatus, and T. truncata.
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Pleurobema clava and C. tuberculata were each represented by one weathered valve in
North Fork Wildcat Creek.

Little Pine Creek contained 11 species of mussels, including two species not
found in any other stream in the study. These were Uniomerus tetralasmus and the
federally threatened Toxolasma lividus. Toxolasma lividus was found only at one
sampling site (Site 3) which had two live specimens and numerous fresh shells. All Little
Pine Creek sites in Tippecanoe County supported live mussels except the most upstream
site (site 6) and site 7 on the tributary stream Otterbein Ditch in the town of Otterbein,
Tippecanoe County, Indiana. The three supplemental Little Pine Creek sampling sites
downstream in Warren County did not reveal any additional mussel species.

Two species, Toxolasma parvus and U. tetralasmus, are new Tippecanoe County
records. Toxolasma parvus was found in four streams (Bowen Ditch, Little Pine Creek,
Wea Creek, and Wildcat Creek) and U. tetralasmus in one stream (Little Pine Creek).

The number of species per watershed was significantly correlated to the log of the
drainage area (r' = 0.91, p<0.01) for all stream systems including Wildcat Creek, Wabash
and Tippecanoe Rivers (Figure 2). For stream systems with watershed areas less than
500 km?, the relationship was weaker but still significant (© = 0.47, p< 0.02).
Correlation of the number of mussel species to the number of fish species was also highly
significant (r* =0.80, p<0.01) (Figure 3).

Comparisons were made by stream system for occurrences of mussels and host
fish. For each mussel species found, host fish were documented for that stream system in

all but two (Bowen Ditch and Buck Creek) instances. Host fish distributions exceeded
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mussel distributions, and chi-square analysis of expected and observed mussel species

numbers was highly significant (p<0.005).

Discussion

The small streams of Tippecanoe County are home to a diverse and widely
distributed mussel fauna, as demonstrated by 219 live individuals of 18 species found.
However, the fact that only weathered shells were found in five streams implies that
mussels existed in those streams in the past, but are unable to do so now.

Lampsilis siliquoidea is one of the most common mussels in Indiana (Goodrich
and van der Schalie, 1944). In a survey of the Eel River in Indiana, L. siliquoidea
occurred at all sites where live mussels were found (Henschen, 1987). Even this nearly
ubiquitous species may have its limits of tolerance to habitat disturbance. For example,
L. siliquoidea appears to have declined in the Sangamon River drainage of Illinois, a
watershed impacted by channelization, impoundment, and agricultural, industrial and
municipal runoff (Schanzle and Cummings, 1991). Because of the lack of historical data
for the small streams in the present study, it is not known if a similar decline is occurring
in Tippecanoe County.

Several species of mussels are considered to be typical of headwater streams:
Anodontoides ferussacianus, A. viridis, and L. compressa (Cummings et al., 1992).
Anodontoides ferusscianus was common and widespread in the present study. Schanzle

and Cummings (1991) found 4. ferussacianus in the upstream portions of the Sangamon
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River and its tributaries in sufficient numbers to constitute 2% of their total sample, and
Ecological Specialists, Inc. (1993) called it one of the most common species collected in
tributaries. Ecological Specialists, Inc. (1993) found A. viridis distributed in tributary
streams, although it was rare. Alasmidonta viridis is known to burrow in the substrate
(Watters, 1995) and may be easily missed. Ecological Specialists, Inc. (1993) also found
that the small size of this unionid reduced chances of finding it alive. In the present study
L. compressa individuals were widely scattered and never present in great numbers.
Ecological Specialists, Inc. (1993) found L. compressa to be rare and scattered in the
tributaries of the Tippecanoe River, as did Schanzle and Cummings (1991) in the
tributaries of the Sangamon River. The present study shows that the typical headwater
species A. viridis and L. compressa are present in small streams, but their ranges may be
underestimated due to difficulties in locating them.

Three species, P. grandis, L. cardium, and F. flava were widespread in their
distribution. These three species are able to inhabit smaller streams such as Little Pine
Creek and Wea Creek, moderate size streams such as Wildcat Creek, and large rivers
such as the Wabash or Tippecanoe Rivers (personal observation).

The Wildcat Creek system was exceptional in its mussel diversity in that it
showed evidence of 26 mussel species. The four species found only in the downstream
portion are more typical riverine species which are common in the Wabash River. A
troubling observation was that the federally endangered P. clava and uncommon C.
tuberculata were found only as weathered shells in the North Fork Wildcat. This is

similar to the finding of Henschen (1987) in which the Eel River, a stream with a similar
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watershed size to Wildcat Creek, yielded only shells of P. clava and C. tuberculata.
These species are disappearing from much of their former ranges, and Wildcat Creek may
be no exception to this trend.

Little Pine Creek, another exceptional stream, supports 11 mussel species,
including the only known Tippecanoe County population of U. tetralasmus. This species
is uncommon (Cummings and Mayer, 1992) and was found in only one tributary of the
Big Darby Creek system of Ohio (Watters, 1994). The federally threatened T. lividis
individuals in Little Pine Creek represented a small isolated population. Previous county
records of T. lividis include one live individual in the Tippecanoe River near the mouth
(Cummings et al., 1992). These populations in Little Pine Creek are vulnerable to local
extirpation from events such as ditching to facilitate agricultural drainage.

The discovery of two mussel species which are new county records emphasizes
the importance of studying small streams. U. tetralasmus is considered “generally
uncommon” (Cummings and Mayer, 1992), while T. parvus is often found lakes and
small streams (Cummings et al., 1992). Many of these streams are subject to habitat
modification, non-point source pollution, and land-use changes. Without baseline data on

the biota of these streams, we may never know the magnitude of these impacts.

Effects of watershed area and fish diversity
The effect of watershed area shows increasing unionid diversity with greater
watershed area. The stream with the smallest watershed area, Bridge Creek (16 km?) is

probably too small to support mussels. Bowen Ditch, with a watershed area of 20 km?,
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yielded one mussel species. Both Bridge Creek and Bowen Ditch supported nine fish
species, implying that the minimum watershed size needed for mussels in this area is
approximately 20 km’. Unionid diversity is not solely a consequence of the drainage
area, but is also related to the fish diversity (Watters, 1992). In small systems, the
number of unionids is related to the drainage area, while in larger systems unionid
diversity is related to both drainage area and fish diversity (Watters, 1992).

Regression between number of mussel species and number of all fish species is a
linear function (r* =0.80). A similar analysis by Watters (1993) gave an r* of 0.92,
indicating the numbers of fish and unionid species are highly correlated. The ratio of fish
diversity to unionid diversity is essentially a constant, and this ratio may be used to
predict an expected unionid diversity (Watters, 1993). Deviations from expected unionid
diversity based on fish diversity may be attributed to several causes such as fish mobility,
presence of exotic fish species, and the persistence of unionid shells many years after the

death of the animal (Watters, 1992).

Comparison with host fish distributions.

Host fish were documented for observed mussels in all but two instances. This
apparent anomaly is undoubtedly a result of the transient nature of fish communities at
any given location. A chi-square analysis by stream system indicated that factors
(p<0.005) other than host fish availability limit mussel distribution. No dams are present

on any of the streams which would limit fish movement.
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For some mussel species, distributional ranges corresponded closely with those of
known host fish. Examples include P. alatus, L. fragilis and T. truncata inhabiting the
downstream portion of Wildcat Creek along with their presumed host fish, Aplodinotus
grunniens (freshwater drum). Another example is the host fish for the U. tetralasmus,
Notemigonus crysoleucas (golden shiner) was found in only Little Pine Creek and in the
Wabash River during a Tippecanoe County fish survey (Fisher et al., in press), and the
only known Tippecanoe County population of U. tetralasmus is in Little Pine Creek. For
most other mussel species, the ranges of the host fish greatly exceeded the ranges of the
mussels. Hosts for T. lividus are Lepomis cyanellus (green sunfish) and Lepomis
megalotis (longear sunfish) which are widely distributed throughout the county, but this
mussel was limited to one site. Lampsilis siliquoidea does not inhabit Burnett Creek,
although the host fishes Catostomus commersoni (white sucker), Ambloplites rupestris
(rock bass), and Lepomis macrochirus (bluegill) are found there. This concurs with the
findings of Bauer et al. (1991) that the distribution pattern of hosts does not completely
explain the distribution pattern of the mussels. The role of host fish in mussel
distribution is an essential one, but other environmental factors limit whether a particular
species can survive past the post-parasitic stage.

In some cases where the habitat preferences of a mussel species are known, it may
be concluded that this, rather than the presence of host fish, is the determinant for mussel
success. For example, 4. marginata usually occurs in clear flowing streams of moderate
size (Watters, 1995). Alasmidonta marginata was present only in Wildcat Creek, which

also contains the host species Ambloplites rupestris (rock bass), Moxostoma
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macrolepidotum (shorthead redhorse), Hypentilium nigricans (northern hogsucker), and
Catostomus commersoni (white sucker). However, these fish were widely distributed
throughout the county. Strayer (1983) states that in addition to stream size, surface
geology is also a factor in defining mussel species habitats, and that hydrological
variability associated with surface geology is probably an important factor in determining

unionid distributions.

Conclusions

The distribution of mussels in Tippecanoe County indicated a total of 28 species
in 12 watersheds. Of these, some species are typical of headwater areas, others inhabit
moderate size streams such as Wildcat Creek, and others are widely distributed
throughout the county. The mussel species richness was significantly correlated with fish
species richness, but the pattern of host fish distribution did not entirely explain the
patterns of mussel distribution. Since mussels are not routinely included in small stream
water quality surveys, many of the factors influencing mussel distribution, such as habitat
requirements, are not well known. Because of the recent decline in mussel populations,

this merits further study.



41

List of References

Bauer, G., S. Hochwald, and W. Silkenat. 1991. Spatial distribution of freshwater
mussels: the role of host fish and metabolic rate. Freshwater Biology 26:377-386.

Cummings, K.S., and J.M.K. Berlocher. 1990. The naiades or freshwater mussels
(Bivalvia: Unionidae) of the Tippecanoe River, Indiana. Malacological Review 23:83-
98.

Cummings, K.S., and C.A. Mayer. 1992. Field guide to freshwater mussels of the
Midwest. Manual 5 ed. Illinois Natural History Survey, Champaign, Illinois. 194 pp.

Cummings, K.S., C.A. Mayer, and L.M. Page. 1992. Survey of the Freshwater Mussels
(Mollusca: Unionidae) of the Wabash River Drainage-Final Report. Illinois Natural
History Survey, Champaign, Illinois. 201 pp.

Dineen, C.F. 1971. Changes in the molluscan fauna of the Saint Joseph River, Indiana,
between 1959 and 1970. Proceeding of the Indiana Academy of Science 80:189-195.

Ecological Specialists, Inc. 1993. Mussel habitat suitability and impact analysis of the
Tippecanoe River. U.S. Fish and Wildlife Service Endangered Species Program E-1-6
(Study 17). 102 pp. + appendices.

Fisher, B.E., S. P. Wente, T.P. Simon, and A. Spacie. The fishes of Tippecanoe County,
Indiana. In press.

Goodrich, C., and H. van der Schalie. 1944. A revision of the mollusca of Indiana. The
American Midland Naturalist 32:257-326.

Henschen, M. 1987. The freshwater mussels (Unionidae) of the Eel River in Northern
Indiana. Non-game program, Indiana Department of Natural Resources. 35 pp. +
Appendix.

Henschen, M. 1990. The freshwater mussels of the Middle Fork Wildcat Creek, Indiana.
Nongame Special Projects Report, Indiana Department of Natural Resources. 16 pp.

Hoggatt, R.E. 1975. Drainage areas of Indiana streams. U.S. Department of Interior
Geological Survey, Water Resources Division, Washington, DC.

McMahon, R.F. 1991. Mollusca: Bivalvia. Pp. 315-399 /n J.H. Thorp and A.P. Covich
(ed.) Ecology and Classification of North American Freshwater Invertebrates. Academic
Press, Inc., San Diego. 911 pp.

Meyer, E.R. 1968. The distribution and abundance of freshwater mussels of the family
Unionidae (Pelecypoda) of the Wabash, White, and East Fork of the White Rivers of
Indiana. Report of the Subproject No. 2, Survey of the commercial mussel fauna of the
Wabash and White Rivers. Sub-project 4-10-R to the Indiana Department of Natural
Resources. 68 pp.



42

Oesch, R.D. 1984. Missouri Naiades: A guide to the mussels of Missouri. Missouri
Department of Conservation, Jefferson City, Missouri. 270 pp.

Schanzle, R.W. and K.S. Cummings. 1991. A survey of the freshwater mussels
(Bivalvia: Unionidae) of the Sangamon River Basis, Illinois. Illinois Natural History
Survey Biological Notes 137. 25pp.

Strayer, D. 1983. The effects of surface geology and stream size on freshwater mussel
(Bivalvia, Unionidae) distribution in southeastern Michigan, USA. Freshwater Biology
13:253-264.

The Nature Conservancy. 1998. Imperiled assets: freshwater species at risk.
www.tnc.org/index.html

Watters, G. T. 1988. Survey of the freshwater mussels of the St. Joseph River system.
Final Report, Indiana Department of Natural Resources and US Fish and Wildlife
Service. 127 pp.

Watters, G.T. 1992. Unionids, fishes, and the species-area curve. Journal of
Biogeography 19: 481-490.

Watters, G.T. 1993. Mussel diversity as a function of drainage area and fish diversity:
management implications. Pages 113-116 in K.S. Cummings, A.C. Buchanan, and L.M.
Koch, eds. Conservation and management of freshwater mussels. Proceedings of a
UMRCC symposium, 12-14 October 1992, St. Louis, Missouri. Upper Mississippi River
Conservation Committee, Rock Island, Illinois.

Watters, G.T. 1994. Unionidae of the Big Darby Creek system in central Ohio, USA.
Malacological Review 27: 99-107.

Watters, G.T . 1995. A guide to the freshwater mussels of Ohio. Revised 3rd edition.
119 pp. + appendices.

Williams, J.D., M.L.J. Warren, K.S. Cummings, J.L. Harris, and R.J. Neves. 1993.
Conservation status of freshwater mussels of the United States and Canada. Fisheries
18:6-22.



43

CHAPTER THREE: PHYSICAL FACTORS AFFECTING THE DISTRIBUTION OF
UNIONID MUSSELS IN SMALL STREAMS

Introduction

The distribution of unionids is not solely determined by host fish distribution
(Strayer and Ralley, 1991) or stream size (Strayer, 1983). There are many other
environmental factors with the potential to affect mussel distribution, including current
velocity, hydrologic variability, substratum characteristics, water chemistry, temperature,
the timing and amount of organic inputs, and predation (Strayer, 1983) Strayer (1983)
found that surface geology was a key determinant in mussel distributions in well-
buffered, fertile, warmwater streams of the Lake Erie drainage in southeastern Michigan.
Surface geology influences hydrologic variability, flow velocity, stream slope and
substratum characteristics.

Traditionally, works describing the physical habitat of unionids have emphasized
microhabitat variables, such as water depth, current speed, and sediment composition.
An example is from Parmalee (1967) concerning Lampsilis siliquoidea: * This mussel
may be found in nearly all bottom types, but usually in areas of quiet and relatively
shallow (less than 3 feet) water.” These variables, which describe use of microhabitats
(spatial scales of 0.1 to 10 meters) provide useful information, but may not be adequate to

predict mussel occurrence (Strayer and Ralley, 1993). Considering macrohabitat



variables such as stream gradient (slope) and hydrologic variability on a larger spatial
scale might be more useful than the strictly microhabitat approach to unionid ecology
(Strayer, 1993; Strayer and Ralley, 1993).

Substrate characteristics in a body of water influence the distribution of mussels
(Harman, 1972; Salmon and Green, 1983; Holland-Bartels, 1990, Home and McIntosh,
1979; Sickel, 1980). Some thin-shelled species, such as Utterbackia imbecillis, rarely
occur in swift waters with coarse substrates (Horne and MclIntosh, 1979), while thicker-
shelled species such as Lampsilis cardium, tend to be found in coarser sands (Holland-
Bartels, 1990). Others species, such as Lampsilis siliquoidea, have a wide tolerance to
bottom type, being found on gravel, sand and mud (Cvancara, 1970). Impermeable
substrates, such as bedrock, will usually exclude mussels (Layzer and Madison, 1995).

One factor thought to influence mussel distributions is hydrologic variability
(Strayer, 1983; Di Maio and Corkum, 1995). Effects of extreme flows on stream-
dwelling organisms have been observed as loss of numbers through flood scour or
desiccation (Resh et al., 1988). Horwitz (1978) studied the relationship between
hydrologic variability and the distributional patterns of stream fishes and found that
species richness was greatest in the most constant headwaters. Cobb et al. (1992) found
that benthic insect densities were negatively correlated with increasing discharge
following summer and autumn spates.

Shear stress is a complex hydraulic variable defined as the tractive force acting on
the stream bottom (Stazner et al., 1988). The critical tractive force (kg/m’) required to

move a rounded substrate is approximately equal to the diameter (centimeters) of the
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particle (Lane, 1955). The shear stress needed to move a flat particle of a given diameter
is approximately twice that needed to move the equivalent rounded particle (Newbury,
1984). The shear stress (kg/m’ ) exerted by the flow on the stream bed may be estimated
by the relationship T= 1000 D S where T is the shear stress; 1000 the density of water
(1000 kg/m’); D, the depth in meters and S, the slope (Cobb et al., 1992). If shear stress
becomes large enough, substrate particles and/or organisms will begin rolling, bouncing
or being carried in suspension downstream (Newbury, 1984), which is not conducive to
mussel survival.

Shear stress and subsequent substrate movement have been studied in relation to
the distribution of insects (Cobb et al, 1992), benthic microcrustacea (Robertson et al.
1997) and unionids (Layzer and Madison, 1995). Layzer and Madison (1995) suggest
that shear stress is a primary factor for suitability of a juvenile mussel settlement location,
and that spates occurring during or shortly after juvenile settlement may cause mortality.

Disturbances such as spates which disrupt ecosystem, community, or population
structure may be defined as events which occur outside of a predictable range (Resh et al.,
1988). Low probability cataclysmic events cause river community structure to gain and
lose species (Vannote et al., 1980). Poff (1992), however, maintains that disturbances
such as spates may be predictable and that definitions of disturbance be guided by the
ecological questions of interest, for example, related to the life cycle stage of the
organism. He suggests defining disturbance as the flow at which movement of the stream
bed is initiated, bearing in mind that less flow is required to remove surface organisms

than to scour deeper levels. The flow at which substratum is moved is generally less than
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or equal to bankfull discharge (Poff and Ward, 1989). Juvenile mussels occur primarily
in the upper eight centimeters of surface sediments (Yeager et al., 1994; Neves and
Widlak, 1987) and thus disturbances may dislodge them from the substrate and relocate
them to unsuitable habitat.

Many regulatory agencies assess stream habitat quality in relation to fish or
macroinvertebrates only. One protocol in wide use is the Qualitative Habitat Evaluation
Index (QHEI) developed by Ohio EPA (1989). This index rates habitat quality in terms
of substrate, instream cover, channel morphology, riparian zone, pool quality, and riffle
quality. However, these methods may or may not be relevant to determine whether a site

is suitable for mussels.

Objectives

The objectives of this research were to evaluate the importance of physical habitat
in predicting mussel occurrence and species richness at selected sites from the
Tippecanoe County mussel survey. Both sites with and without mussels were included
for the physical habitat assessment, and were rated according to the QHEI protocol.
Variables selected for further study were substrate composition, hydrologic variability,
and shear stress. The age structure of the Lampsilis siliquoidea population in Little Pine

Creek was assessed to evaluate the effect of habitat on yearly recruitment.
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Table 5. Sites selected for physical habitat evaluation and number of mussel species
present as live individuals or fresh shells. Site numbers are the same as in Table | .

Site number  Location Number mussel species
2 Little Pine Creek at County Line Road 3
3 Little Pine Creek SR 26 9
4 Little Pine Creek CR 800W 8
6 Little Pine Creek at CR 500N 0
11 Indian Creek at Division Road 0
12 Indian Creek at Goose Creek confluence 0
13 Indian Creek at CR 400W 0
14 Indian Creek at CR 600N 0
16 Wea Creek at SR 25 0
19 Wea Creek at CR 800S 3
21 Wea Creek at SR 43 3
23 Wea Creek at CR 1200S 2
25 Little Wea Creek at CR 510S 0
27 Little Wea Creek at CR 950S 2
28 Little Wea Creek at SR 28 0
35 Wildcat Creek at Eisenhower Rd. 4
36 North Fork Wildcat at CR 900E 11
37 North Fork Wildcat at County Line Road 12
38 South Fork Wildcat at CR 200S 0
5

39 South Fork Wildcat at CR 500S
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Methods

Based on information from the 1995 Tippecanoe County mussel survey (Chapter
2), 20 sites in Little Pine, Indian, Wea, Little Wea, and Wildcat Creek (Table 5) were
chosen for further study. Sites both with and without mussels were chosen to examine
distinguishing physical factors. Sites where live mussels or fresh shells were found were
considered to have mussels, while those in which only weathered shells or no evidence of
unionid life were considered not to have mussels.

Sites were chosen to represent a wide range of conditions, including the most
headwater sites (sites 6, 14, 23, and 28) on Little Pine, Indian, Wea, and Little Wea
Creeks and larger, downstream sites on those streams. Wildcat Creek sites included the

South Fork, North Fork, and mainstem of Wildcat.

Qualitative Habitat Evaluation Index (QHEI)

All 20 sites were evaluated for habitat characteristics (Table A4) based on the
Qualitative Habitat Evaluation Index (Table A5) (Ohio EPA, 1989). This method, which
was designed for fish habitat surveys, allows a researcher to assess key habitat features
which are then matched to a standard numerical value and summed, with higher values
indicating better habitat. Metrics were calculated for substrate, instream cover, channel
morphology, riparian zone, pool quality, and riffle quality, and these were added to give a

total index of habitat suitability at each site. Two sample t-tests were performed to






