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Abstract: Dreissena polymorpha and Corbicula fluminea are among the most aggressive

freshwater invaders world wide, and often dominate water bodies they invade. They
occur in similar habitats, however, their tolerance and preference for certain
characteristics of freshwaters differ in important ways, and they can have different
impacts on the environments they invade. We identify similarities and contrast
differences between these species, and highlight important questions yet to be
addressed, including: the ability to link short-term laboratory findings to large scale
and long-term effects of invasion, the consequences of invasion by both species
together rather than considering each in isolation, and identification of local versus
system-wide effects when these non-native ecosystem engineers invade.
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INTRODUCTION

The role of marine and estuarine bivalves as ecosystem engineers has
long been recognised (reviewed in Dame 1993). However, most of this

research has focused on native species, in environments where they are
dominant and clearly play important roles. Although historically the role of
estuarine and marine bivalves concentrated on pristine and relatively
undisturbed habitats, recently, the focus has shifted to areas where they are
over harvested or are lost due to disease or human disturbance, and the
resultant dramatic changes in ecosystems as due to the loss of these important

engineering species. The opposite situation occurs in fresh waters when

suspension-feeding bivalves invade and cause dramatic changes in an
environment.
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Invasive species are currently one of th~ greatest environmental

threats around the world, and the total estimated ~ual cost of their impact in
the US alone exceeds $125 billion (pimentel et al. '2000). The zebra mussel

(Dreissena polymorpha) and the Asiatic clam (Corbiculaj1uminea) are among

the most aggressive freshwater invaders worldwide (Morton 1979, Karatayev
et al. 2002). These two species are not only extremely aggressive invaders,

often dominating water bodies they invade, they are also very effective

ecosystem engineers, altering both ecosystem structure and function (Phelps

1994, Karatayev et al. 1997, 2002, McMahon 1999). They change existing and
provide new habitats for other organisms, affect trophic interactions and the

availability of food for both pelagic species and other benthic species, and

affect the rates of ecosystem processes, including mineralization of nutrients,

oxygen availability and sedimentation rates (Mattice 1979, Morton 1997,

Hakenkamp and Palmer 1999, Karatayev et al. 1997, 2002). As a

consequence, direct feedbacks are created with other species that interact with
or are impacted by these invaders, as well as indirect feedbacks through food

chains, disturbance, succession, and other longer-term community and

ecosystem processes.

D. polymorpha is native to the fresh and brackish waters of the

Caspian and Black Sea drainage basins (Mordukhai-Boltovskoi 1960,
Starobogatov and Andreeva 1994). In the late 1700's - early 1800's, zebra

mussels spread through canals built for commerce to connect the Black and

Caspian Seas with the Baltic (reviewed in Karatayev et al. 2003b). The range
of D. polymorpha in Europe is still expanding, in 1993/4 zebra mussels were

found in Ireland (Minchin 2000).
Zebra mussels were first discovered in North America in Lake St.

Clair in the mid-1980s (Hebert et al. 1989). Since their introduction, zebra

mussels have spread throughout the Great Lakes, the Hudson, Ohio, Illinois,

Tennessee, Mississippi and Arkansas rivers, as well as other lakes and rivers

in 21 states and the provinces of Quebec and Ontario in Canada (McMahon

and Bogan 2001).
C. j1uminea, native to Southeast Asia, Australia, and Africa, has

successfully invaded North American freshwaters over the last 60 years

(reviewed in McMahon 1999). First found in 1938 in the Columbia River,

Washington, it subsequently spread throughout 36 continental states, Hawaii,

and northern and central Mexico. C. j1uminea was introduced into South

America and Europe in the late 1970s (reviewed in McMahon 1999). In

Europe, C. j1uminea is in France! Portugal, Spain, Germany, Belgium, and the
Netherlands. In 1998 C. j1uminea was found in the U.K. for the fIrst time

(Howlett and Baker 1999).

Both C. j1uminea and D. polymorpha can create large populations in
waterbodies they invade. However, C. j1uminea are solitary, and burrow in

sediments (Britton and Murphy 1977). In contrast, D. polymorpha attaches by
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byssus to hard substrates and each other, often in high densities, and can
create new 3-D habitat, providing not only food, but ,shelter for benthic

invertebrates (reviewed in Karatayev et al. 1997, 2002). Moreover, although
both species are suspension feeders, C. jluminea also feeds directly from the

sediment (Reid et al. 1992). Therefore these two species are likely to have

different ecosystem effects in waterbodies they invade. Our goal is to compare
and contrast potential ecosystem impacts of these two powerful suspension-
feeders in Europe and North American waterbodies of various types and draw

attention to important questions that are yet to be studied.

PHYSICAL ENVIRONMENT

Dreissena and Corbicu/a occur in similar habitats; however, they

differ in some important ways in their tolerance and preference for certain

physical characteristics of freshwaters. Although most studies of physical

tolerances and preferences are short-term laboratory experiments, the patterns

described below are usually confirmed with field-based observations and

experiments.

Salinity

Both D. po/ymorpha and C. jluminea can colonize brackish and fresh

waters, however these two species differ in their upper salinity limit (Table 1).

There are several subspecies of D. po/ymorpha, each with a different tolerance

to salinity (reviewed in Karatayev et al. 1998). Although as a species D.

po/ymorpha .has a wide salinity tolerance, from fresh to 180/00, D. p.

po/ymorpha, the subspecies that invaded Western Europe and North America,

lives in salinities < 6.2 0/00. D. p. andrusovi populates areas of the Caspian Sea

where salinities range from 2 - 12%0 (Shkorbatov et al. 1994). D. p.

obtusicarinata and D. p. ara/ensis were the dominant benthic species in the

Aral Sea and had an upper salinity limit of 18.4%0 (Lyakhnovich et a1. 1994)
and 17.6%0 (Khusainova 1958), respectively. By 1980, after an increase in

salinity, both subspecies disappeared from the Aral Sea (Starobogatov and
Andreeva 1994). In contrast to D. p. po/ymorpha, C. jluminea has a much

higher salinity tolerance, up to 170/00 (Table 1).

Temperature

The lower temperature limit is slightly lower for D. po/ymolpha (O°C)
than for C. jluminea (2°C) (Table 1), which will restrict the northern

distribution of Corbicu/a. In regions with winter temperatures lower than 2°C,

C. jluminea is usually restricted to areas heated by thermal power plants

(Graney et al. 1980, French and Schloesser 1996). During warmer times of the
year C. jluminea populations may expand out of heated water areas, however,

,
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when winter water temperatures drop below 2Q~ most of the clams in

unheated areas die (Graney et al. 1980, French and Schloesser 1996). 10 -
11 QC is the minimal temperature for growth and development in both D.

polymorpha and C; jluminea (Table 1). The upper temperature limit, however,

is substantially higher for C. jluminea (37QC) than for D. polymorpha (33QC).

Therefore, C. jluminea may spread much further south than D. polymorpha,

while zebra mussels may colonize areas that are too cold for the Asiatic clam.

Table 1. Environmental limits for Dreissena po/ymorpha and Corbicu/a fluminea

Factors Dreissena Corbicula References

polymorpha fluminea

Upper salinity limit (0/00) 4 - 6.2 10 - 17 Reviewed in Karatayev et al. 1998,
Evans et al. 1979

Lower temperature limit 0 2 Luferov 1965, Mattice 1979,

("C) Rodgers et al. 1979

Minimal temperature for 10 - U 10 - II Reviewed in Karatayev et al. 1998,
growth and development Joy 1985, Fritz and Lutz 1986,

(DC) Boltovskoy et al. 1997

Upper temperature limit 31.5 - 33 36 - 37 Reviewed in Karatayev et al. 1998,

(QC) Dreier and Tranquilli 1981, Britton

and Morton 1982

Lower pH limit 7.3 - 7.4 5.6 Ramcharan et al. 1992, Burlakova

1998, Kat 1982

Density - rocky substrates 1580 - 5540 0 - 377 Reviewed in Karatayev et al. 1998,

(m-2) Abbott 1979, Leffet al. 1990

Density - sand, silty sand 211 - 3930 54 - 1215 Reviewed in Karatayev et al. 1998,
substrates (m-2) Abbott 1979, Belanger et al. 1985,

Leff et al. 1990

Density - shelly substrates 1081 43 Reviewed in Karatayevet al. 1998,

(m-2) Karatayev et al. 2003a

Density - submerged 1246 - 3545 0 Reviewed in Karatayev et al. 1998,

macro h s m-2 Karata ev et al. 2003a

Density - silt (m- ) 0 - 64 3.6 Reviewed in Karatayev et al. 1998,

,~- ,- ,-,--- ,__-2, '" """" "" "',.,0 ~~~~-~~,~~. ~_?~~a "--,-,

Density in lakes (m- ) 6 - 3453 39 - 1278 Stanczykowska and Lewandowski

1993, Burlakova 1998, Beaver et al.

1991

Density in reservoirs (m-2) .838 - 3150 30 - 796 Lyakhov and Mikheev 1964, Lvova
1977, Burlakova 1998, Abbott

1979, Dreier and Tranquilli 1981,

,~-,--, ,_-2, ,., "'0 ..", """'" ~~~!~~,~t~!=~-~?!~---"-, ""'0
Density in rivers (m- ) 7 - 138 315 - 3206 Reviewed in Karatayev et al. 1998,

Rodgers et al. 1979, Belanger et al.

,~- ,- -" ,~_-2, TT "-- _L___" ". ",.", J~-~;_t~~_I~o~skLo~ e~~1!~9_7"" _L -,
Density in streams (m-) Usually absent 54 - 974 Lyakhnovich et al. 1994, Leff et al.

1990 Arias 2004

Density in canals (m-£) 40000 - 2255 - R~vi~';j;~d-i~K~~atayev et al.

61000 16688 1998, Eng 1979, Marsh 1985




