ABIOTIC AND BIOTIC FACTORS INFLUENCING THE
DECLINE OF NATIVE UNIONID MUSSELS

IN THE CLINCH RIVER, VIRGINIA

by

Mary Melinda Yeager

Dissertation submitted to the Graduate Faculty of the
Virginia Polytechnic Institute and State University in partial
fulfillment of the requirements for the degree of

Doctor of Philosophy

in
Biology
APPROVED:
]
Donald S. Cherry hn Cairns, Jr. /
Chairperson

Wecdand T Alugg ¢ -

Richard J. Neves Eric P. Smith

% £ 04%\ Ty )

Ephn R. Lxuth J¢hn H. Rodggys, Jf.

August, 1994
Blacksburg, Virginia



LD

D

Ve
|94
Y424

C. &
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IN THE CLINCH RIVER, VIRGINIA
by
Mary Melinda Yeager
Committee Chairperson: Donald S. Cherry
ABSTRACT

Declining unionid populations in the Clinch River are of
concern due to the high endemism in the diverse fauna of the
Cumberlandian region. Increase in agricultural and mining
activities, as well as in industry and urbanization, are
coupled with unionid declines throughout the watershed. 1In
many reaches of the Clinch River, mussel populations exist
which fail to show recruitment suggesting that this is the
weak link in the complex life cycle. Two possible factors
which could endanger the sensitive juvenile stage are the
presence of sediment toxicants or adult Corbicula fluminea in
the depositional areas, the preferred habitat of the
juveniles.

Before investigating the impacts of these factors, it was
necessary to characterize the relationship of the juveniles
with the sediment they inhabit. Observations of feeding
behavior using videotape, dye studies in a feeding chamber,
and gut content analysis were used to determine mechanisms of

feeding, the primary food source, and the origin of substances



taken up by juveniles. Exposure to sediment came not only
through direct contact, but also through filtration of
interstitial water and sediment-associated fine particulate
organic matter. Juveniles used pedal locomotory and pedal
sweep feeding behaviors to facilitate movement of particles
into the pedal gape.

Intermittent sediment toxicity was found in laboratory
bioassays using Daphna magna and Chironomus riparius. These
data, along with fluctuating metals in the Clinch River
sediments, indicated that acute insults existed from which
recovery would depend on the frequency, intensity and duration
of the events. Field studies revealed that the intermittent
toxicity is reflected in the community structure of benthic
macroinvertebrates and impairs growth of juvenile unionids in-
situ studies. The intermittent toxicity which may be
associated with rain events impairs stream biota and may
prevent recruitment of juvenile unionids.

The presence of adult €. fluminea in sediments was found
to decrease juvenile unionid growth and recovery from test
sediments and to increase mortality and resuspension of
juveniles into the water column. Both the presence of
sediment-bound toxicants and C. fluminea may be contributing

to unionid bivalve declines in the Clinch River, Virginia.
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CHAPTER 1
INTRODUCTION

The native freshwater bivalve fauna of North America
consists primarily of the families Sphaeriidae, Unionidae and
Margaritiferidae. The sphaeriids, or fingernail clams, are
comprised of 33 native and 4 introduced species which are
found in very diverse habitats throughout the continental
United States (McMahon, 1991). The freshwater mussels,
Unionidae and Margaritiferidae, include approximately 300
species and subspecies found primarily in unpolluted shallow
water habitats with rapid current and stable gravel to sand
substrate. These filter-feeding bivalves remove suspended
solids from the water column and stabilize the stream beds
they colonize. They are also important as indicators of
pollution due to their sensitivity to toxicants and siltation.

Throughout recent years, the decline of native mussels in
the streams of North America has been well documented
(Ortmann, 1918; Ellis, 1931; van der Schalie, 1938; Bates,
1962; Stansbery, 1964; Ahlstedt, 1984; Neves, 1987). What
remains unclear are the roles and relationships of the factors
instigating the decline of the unionids (Neves, 1987). Prior

to the 1940's, the decline of mussels was attributed to



declining habitat quality from industrial and agricultural
pollution, along with siltation and dam construction (van der
Schalie, 1938). When the Asian clam, Corbicula fluminea, was
introduced into the United States (Burch, 1944), it flourished
and quickly broadened its range in the same aquatic habitats
where native mussels were in decline. The introduction of
this foreign competitor may further threaten the declining
trends of mussels. Since its introduction the Asian clam has
continued to spread into native mussel habitat, and the native
mussels have continued to decline in spite of efforts to
improve water quality and increase suitable habitat.

The declines in the native mussel populations have been
of particular concern in the upper Mississippi River drainage
area. Of the 300 species and subspecies of freshwater mussels
in the United States, approximately 45 are found in the
Cumberland Plateau region (Ortmann, 1924). This center of
endemism and diversity includes the Clinch River, which is
part of the upper Tennessee River drainage system. Of the 46
species found in the Clinch River, 11 are endangered, 21 are
endemic, (Jacobson, 1990) and thirteen are thought to have
already gone extinct (Ahlstedt, 1984). The declines in the
"Cumberlandian fauna", particularly in the rich fauna of the
Clinch River, have focused much attention on both this
watershed, and on the ecology and life history of the unionid

mussels.



In order to maintain existing mussel populations and to
prevent further extirpations, the factors influencing mussel
decline must be identified and controlled. For this to be
accomplished, the life cycle and ecology of all life stages of
the mussels need to be clearly understood. While the 1life
cycle of unionids has been determined, the ecology of many
parts of the unionid life cycle is not well defined. The
habitat of adult unionids is gravel and sand substrata where
they burrow with apertures extended into the water column to
filter seston. However, even in what would be considered
"good substratum", unionid distribution is patchy and clearly
there are unknown factors which render some habitats more
desirable for colonization. The juvenile life stage is even
leés well characterized than the adult. Juveniles are found
most often in depositional areas behind large rocks and along
stream banks (Neves and Widlak, 1987). While this habitat is
likely to protect the juveniles from being resuspended in the
water column, it also makes them more vulnerable to the
effects of siltation. Juveniles were thought to exhibit
similar feeding preferences and behaviors as their adult
counterparts; however, this aspect of their ecology has not
yet been investigated.

The glochidial and early juvenile stages of the unionid's
life cycle are poorly understood, due in part to their small
size and limited success in collection and maintenance of

3



these life stages in the laboratory. Neves and Widlak (1987)
reported that the two greatest reasons for lack of recruitment
in a mussel population are failure to contact a suitable fish
host for encystment and detaching from the host into
unsuitable habitat. It would seem then that factors affecting
these two periods in the mussel life cycle would play key
roles in decreasing mussel recruitment.

The incomplete knowledge of the most sensitive stages of
the unionid 1life cycle impairs the elucidation of factors
contributing to the declines in their abundance and diversity.
While work done by Jacobson (1990), Varanka (1977), Goudreau
(1988), Keller and Chrisman (1989), and others have shown the
sensitivity of the larvae and juvenile mussels to toxicants,
much about their ecology remains unknown. Information such as
preferred habitat with respect to silt 1levels, organic
content, and interstitial flow rate is unknown. Also
undefined are feeding behaviors and diet of the juveniles.
This information is necessary to understand the routes of
uptake and modes of toxicity of many toxicants as well as in
determining if toxicants are in fact causing impairment in
populations or if physical alterations such as siltation could
be the culprit.

As indicated, low recruitment may result from mussels
falling into unsuitable habitat. However, the qualities which
render the habitat unsuitable for mussel colonization are not

4



completely understood. Clearly poor water guality and
unacceptable bottom type, such as bedrock, will prevent the
establishment of a mussel population. There may be other
factors which render an area unacceptable for mussel
colonization. Sediment toxicity and competition with the
Asian clam may also influence the ability of native mussels to
exist in otherwise optimal habitats.

Several studies have indicated substrate preferences in
various species of native unionid mussels (Lewis and Riebel,
1984; Kat, 1982; Harman, 1971) and in the Asian clam (Belanger
et al., 1985). Although preference may exist, the substratum
type does not appear to be the only factor affecting mussel
distribution (Lewis and Riebel, 1984). Water velocity,
temperature, food availability and water and sediment
chemistry are also important in defining suitable mussel
habitat.

While much is known about pollution contributions of
industry, agriculture, and urbanization to the surface water,
we have only begun to 1link these problems with sediment
toxicology. Contaminants trapped in the sediments can damage
the ecosystem long after the pollution source has been removed
(Salomons, 1987). Mussels are especially vulnerable to toxins
in sediments not only because they burrow but also because
they are filter feeders which siphon at the sediment water
interface. The juvenile mussels may be the most vulnerable to

5



toxic sediments because of their occurrence in depositional
areas where fine particulates and sediment-bound toxicants
accumulate. Toxic sediments can render otherwise suitable
habitats inaccessible to unionid populations and decrease
available habitat in an area.

Competition with the Asian clam may also be contributing
to declining mussel habitats. Just as the Asian clam
continues to increase its distribution in North America, the
native mussels continue to decline (Gardner et al., 1976).
Competition between native mussels and C. fluminea for habitat
and food has been implicated (Gardner et al., 1976; Kraemer,
1979), due to the clams high rate of filtering efficiency,
increased mobility, and less complex reproductive cycle
(Britton and Morton, 1979). However, proof of adverse effects
to the mussels due to the presence of C. fluminea is difficult
to ascertain. The effects of the invading species on unionid
populations may be more subtle than direct competition for
limited resources. Recruitment of unionids may be hindered by
impairment of juveniles by adult clams in depositional areas.

For the reasons previously stated and probably many
others, native unionid mussels continue to decline throughout
their respective ranges. Much work is needed, and quickly, to
preserve the remaining populations and prevent further species
extirpations. This research project is being undertaken in
order to gain information which may be useful in slowing the

6



declining trends in unionid populations. The objectives of
this work are threefold: (1) to determine the relationship of
juvenile unionids with the sediment they inhabit; (2) to
determine if sediment toxicity exists in the Clinch River and
if this toxicity could impair recruitment in unionid
populations; and (3) to examine the relationship between
adult €. fluminea and juvenile unionids to determine whether
recruitment of juveniles may be impaired by the presence of
the Asian clam in depositional areas.

To specifically address the previously stated objectives,
this study is divided into three sections. Chapter 2
describes procedures for culturing and maintaining juvenile V.
iris in the laboratory. These methods were used throughout
the work and are described here to streamline the methodology
in later chapters. Chapter 3 addresses the first objective;
i.e., to determine the relationship of juvenile unionids with
the sediment they inhabit. In this chapter dye studies in a
feeding chamber, gut content analysis, and video recordings of
feeding were used to show the mechanisms of feeding, the
primary food source, and the origin of substances taken up by
juvenile V. iris. The second major objective, to determine if
sediment toxicity exists in the Clinch River and if this
toxicity could impair recruitment in unionid populations, is
addressed in Chapters 4 and 5. Chapter 4 describes laboratory
sediment tests using four species, including V. iris, to

7



determine if sediment toxicity is present at 11 sites on the
Clinch River and one site in a tributary. Chapter 5 describes
field validation of the laboratory findings which include
mussel density surveys, invertebrate community analysis, and
in-situ testing at four of the impaired sites. Chapter 6
examines the relationship between adult C¢. fluminea and
juvenile unionids to determine whether recruitment of
juveniles may be impaired by the presence of the Asian clam in
depositional areas. 1In this study, ingestion of juvenile V.
iris by adult C. fluminea, and the possibility of resuspension
of juvenile V. iris by C. fluminea, were investigated. The
final chapter summarizes all findings and describes their
relevance to maintaining existing mussel populations and to
preventing further extirpations, particularly in the Clinch

River.



STUDY AREA

The Clinch River originates near Bluefield, Virginia and
flows southwesterly through Virginia into Tennessee where it
joins the Tennessee River at Watts Bar Reservoir (Tennessee
River Mile 567.8) (Goudreau, 1988). A high diversity is also
seen in the fish fauna of the Clinch River (Masnik, 1974).

In this watershed, the primary anthropogenic impacts are
habitat degradation from both point (power plant effluent,
coal mining drainage) and non-point (pesticide and fertilizer
runoff from agriculture, municipal storm sewer input) sources.

Eleven sites on the Clinch River and one site on a
tributary (Guest River) were chosen for this study (Table 1).
Two of the twelve sites were considered reference sites
because of abundant or diverse unionid mussel populations.
The remaining ten sites were chosen for 1lack of unionid
mussels in what appeared to be suitable habitat. Directions
to the sites and specific locations of the sampling areas are

given in Appendix I.
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Table 1. Description of study sites on the Clinch River

which will be referred to in the text.

Clinch River River Ablreviation
Site Mile

Pounding Mill 327.5 PM
Cedar Bluff 319.5 CB
Raven 310.0 RVN
Van Dykes Ford 305.5 VD
Hackneys Farm 269.0 HCK
Bulldozer Crossing 267.3 BDX
Carterton 264.1 CRTN
St. Paul 256.4 STP
Burtons Ford 249.7 BF
Dungannon 235.0 DGN
Clinchport 213.2 CPT
Guest River

Site

Coeburn 6.0 GST
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