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INTRODUCTION

Freshwater mussels of the family Unionidae (Bivalvia), although nearly worldwide

in distribution, have their greatest diversity in North America with 297 species (Williams et

al. 1993).  Dramatic declines in both species diversity and richness, however, have been

observed in the last 30 years.  The long life-span and sedentary life style of freshwater

mussels make it difficult to escape the cumulative impacts of habitat alteration, pollution,

pesticides, heavy metals and siltation (Bogan 1993).  In addition, filter-feeding, while

providing a key link in ecosystem stability (Vannote et al. 1980), requires freshwater

mussels to ingest and assimilate potentially hazardous environmental contaminants.  As a

result, approximately 72% of the North American unionid fauna is listed as endangered,

threatened or of special concern, while only 24% of native mussel species are thought to

have stable populations (Williams et al. 1993).  Faced with declining numbers, populations

of threatened and endangered mussels across North America may be at even greater risk of

extinction from the introduction and rapid expansion of the exotic zebra mussel, Dreissena

polymorpha  (Pallas 1771).  Even stable populations of freshwater mussels may decline

dramatically as zebra mussel populations infest the large mussel beds of the southeastern

United States (Williams et al. 1993).

The zebra mussel, restricted to the Black, Caspian and Azov seas until the

nineteenth century, was first collected in North America on June 1, 1988 in Lake St. Clair

(Hebert et al. 1991).   The initial population arrived via ballast water in 1985, and rapidly

spread throughout the Great Lakes system and now colonizes nearly the entire Mississippi

and Ohio River basins.  Individual specimens were first discovered in the Ohio River in

1991 (U.S. Army Corps of Engineers 1993).  A free-swimming larval stage has

contributed greatly to the rapid range expansion of the zebra mussel, while extremely high

fecundities have enabled populations to grow exponentially after adult settlement.

Large densities of zebra mussels in the Great Lakes have had documented impacts

on the survival and fitness of native unionid populations (Hebert et al. 1991, Hunter and

Bailey 1992, Haag et al. 1993, Gillis and Mackie 1994, Nalepa 1994, Schloesser and

Nalepa 1994).  Five years after the arrival of zebra mussels, Hunter and Bailey (1992)

found a negative correlation between unionid densities and zebra mussel densities in Lake

St. Clair.  By 1992, with zebra mussel densities reaching 200,000/m2 (Mackie 1991), all

11 species of native freshwater mussels historically known to occur in Lake St. Clair near

Puce, Ontario were extirpated (Gillis and Mackie 1994). The proportion of live to dead

mussels in Lake Erie also fell from 53% to 0% between September 1989 and September

1990, as zebra mussel densities increased (Schloesser and Nalepa 1994).  In the lower
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Ohio River, zebra mussel densities (350,000 individuals/m2 ) have reached magnitudes

comparable to those in the Great Lakes, and declining populations of native unionids may

be unable to cope with the addition of this new stress that has been absent from their natural

history.

In their natural habitat, zebra mussels colonize hard substrates with sticky byssal

threads.  In North American waters, it appears that zebra mussels may prefer the hard

substrate of living mussels over empty shells or rocks (Biryukov et al. 1964 in Schloesser

and Kovalak 1991, Lewandowski 1976, Ricciardi et al. 1995).  In fact, the shells of live

unionids may be the only suitable settlement sites for zebra mussel larvae in areas of fine

substrate (Hebert et al. 1991).  In the Mazurian Lakes, Lewandowski (1976) found native

unionids encrusted with 17 times their weight in zebra mussels.   Because unionids orient

in the substrate with the posterior end exposed, the added biomass of zebra mussels is

concentrated in this area and interferes with general balance, burrowing, and locomotion

(Mackie 1991).  Dense encrustations of zebra mussels also may lead to unionid starvation

by inhibiting valve opening and closing, respiration, and feeding (Mackie 1991).

Symptoms of starvation such as lowered oxygen uptake and decreased metabolism were

discovered in laboratory studies of zebra mussel-infested specimens of Actinonaias

ligamentina  and Amblema  p. plicata  (Baker and Hornbach 1997). Zebra mussels also

may interfere with the normal feeding behavior of unionids by increasing sediment levels

through pseudofaecal production (Gillis and Mackie 1994). Even the shells of dead zebra

mussels have been documented to affect unionid survival.  Tucker (1994), for example,

found that large numbers of dead zebra mussel shells deposited on sandbars along the

Mississippi River may have prevented unionids from penetrating their foot into the

substrate and moving to avoid desiccation as water levels receded.

While encrustation may physically hinder the unionid feeding process, large zebra

mussel populations may indirectly affect unionid survival by reducing or removing vital

food resources from the water column (Lewandowski 1976, Hebert et al. 1991, Haag et al.

1993).  Lake Erie, for example, experienced a 62-92% reduction in phytoplankton between

the two years before and the two years after invasion of the zebra mussel (Leach 1993).

Planktonic diatoms decreased by 85% despite sufficient nutrients for growth (Holland

1993).  Zebra mussel filtration also may change the algal community structure.  In Lake

Huron, zebra mussel feeding has shifted dominance from diatoms to filamentous green

algae (Lowe and Pillsbury 1995), and recent studies show selective rejection of the

nuisance bluegreen alga, Microcystis, by zebra mussels, such that Microcystis  becomes

dominant in the plankton (H. Vanderploeg, NOAA, pers. comm.). Despite constant

replenishment of nutrients from upstream (Caraco et al. 1996), rivers like the Hudson,
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where phytoplankton levels dropped 80-90% after zebra mussel colonization, also have

experienced significant declines in food resources.

In addition to the dramatic effects of large zebra mussel populations, smaller

densities of zebra mussels, due to increased filtration efficiency (Silverman et al. 1995) and

filtration rate (Heath et al. 1995) relative to unionids, also may affect the feeding of

unionids.  In laboratory experiments, Baker and Hornbach (1997) found that A. p. plicata

filtered 74 ml/hr, while the 28 infesting zebras filtered 130 ml/hr as a group.  They

concluded that the ability of zebra mussels to greatly reduce available food resources was

the major mechanism for reduced fitness in unionids.  Strayer and Smith (1997) also found

that colonization by zebra mussels corresponded with decreased densities, body condition,

and recruitment in unionids despite low rates of infestation.  In fact, even if ample food

resources are available in the water column, food concentrations can become very low at

the sediment-water interface (Wildish and Kristmanson 1984) where native unionids are

feeding.  Studies with Mytilus edulis  have shown that depleted food resources along this

interface can lead to decreased growth in bivalves (Frechette and Bourget 1985).  Thus, by

altering the structure and density of algal communities, feeding by zebra mussels may result

in a food base that is nutritionally inadequate for long-term unionid survival. 

In light of the possible impacts of zebra mussels on the rich, native mussel fauna of

the Ohio River, the Ohio River Valley Ecosystem Team identified the potential decline of

native aquatic mollusks as its top management priority (USFWS 1995), and concluded that

it may be necessary to relocate mussels until 1) zebra mussel populations in the Ohio River

decline or 2) suitable habitat is found where zebra mussels are unlikely to colonize.

Unfortunately, little information exists on either the extent of zebra mussel impacts or the

potential impact of management efforts on the condition of unionids in the Ohio River.

Since the arrival of the zebra mussel, unionid mortality thus far at various sites in the lower

Ohio River has been estimated at 20-40% (Patty Morrison, USFWS, pers. comm.).

Translocations and relocations, if not done properly, can result in high unionid mortality

(>50 %), and in many cases the cause of mortality is unknown (Cope and Waller 1995).

Consequently, scrutiny of management techniques is needed to determine the cause of any

lethal or sublethal effect on unionids.  Otherwise, management efforts may only make the

problem worse by further increasing unionid mortality.

The proposed research was part of an ongoing study at Virginia Tech to evaluate the

feasibility of salvaging zebra mussel-infested freshwater mussels from their native habitat.

This part of the study focuses on three primary questions: 1) how does zebra mussel

colonization affect unionid feeding and body condition, 2) how does starvation in

quarantine affect the body condition of unionids, and 3) can we develop a feeding regime to
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maintain unionid condition in quarantine?  We are at a critical crossroads in the protection

of the freshwater mussel populations in the Ohio River and across North America.

Increasing habitat destruction and competition from the zebra mussel have left declining

populations in need of conservation measures.  Regardless of the effects of zebra mussels

in the wild, we must evaluate techniques of removal and captive protection to be certain

these techniques do not have an equal or greater impact on native populations.  If our

management techniques have minimal impacts on unionid survival, the native fauna of the

Ohio River may be held in captivity until zebra mussel densities decline, or suitable habitat

is found where zebra mussels do not colonize.  If our techniques are found to be

detrimental to survival, native mussels may have better success left in place in the fight for

survival with the zebra mussel until better management options are perfected.  This study

will address these problems and attempt to make our crisis prevention techniques more

efficient.


