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functional groups (in terms of biomass) in the benthic community before and
after zebra mussel invasion were significantly different (P << 0.001, Fisher-
Freeman-Halton test).

Filtration Capacity of Planktonic versus Benthic Community

After Dreissena invasion, the total average biomass of the benthic
community including zebra mussels increased 22 times, from 10.3 + 3.8
(mean + SE) to 225.5 + 18.9 g m? (P = 0.002, adjusted critical a = 0.025,
paired t-test). Before the zebra mussel invasion, planktonic invertebrates
filtered the equivalent of the volume of the lake in 4 - 9 days (6.5 = 1.1)
(Table 4). The benthic community, however, would take 0.2 - 10 years (3.8 £
1.9) to filter the same volume, an average 213 times slower than for
zooplankton.

After invasion, the filtration ability of benthic community increased >
70 times. The time required for the benthic community to filter the volume

Table 4. Mean biomass of zooplankton and benthic communities, and the time required to filter
a volume of water equal to the lake volume before and after zebra mussel invasion.

Parameter Lake Lake Lake Lake
Bolshie Svir Volchin  Dolzha
Shvakshty
Before Dreissena invasion
Zooplankton*: biomass (g m™) 0.9 1 1 2
7 55 .03 .08
days to filter 9 5 8 4
Zoobenthos:  biomass (g m?) 20. 1 1 9
0 0.1 2 .8
days to filter 63 5 3 1
9 688 732
After Dreissena invasion
Zooplankton*: biomass (g m™) 0.5 2 1 1
2 78 .37 25
days to filter 16 3 6 7
Zoobenthos excluding Dreissena:
biomass (g m?) 22. 1 9 4
7 6.2 .1 4
days to filter 7 3 3 5
. 9 03 06
Dreissena: biomass (g m?) 16 2 1 2
3 38 92 57
days to filter 10 1 5 |
4 5 5
Zoobenthos including Dreissena:
biomass (g m?) 18 2 2 2
5 54 02 61
days to filter 4 1 4 1
0 7 4

*data from Karatayev and Makritskaya (1999)
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equivalent to that of the lake decreased to 19 + 10 days, and was not
significantly different from that for the planktonic community (8 + 3 days, P =
0.40, paired t-test). The total biomass of benthic invertebrates excluding
Dreissena did not change significantly after zebra mussel invasion (P=041,
paired r-test). There was also no significant difference in the biomass of
zooplankton before and after zebra mussel invasion (1.4 + 0.3 gm’vs 1.5+
0.5 g m”, paired r-test, P = 0.88), nor in the time to filter the equivalent of the
volume of the lake (6.5 £ 1.1 vs. 7.9 £ 2.8, P = 0.65, t-test). The high filtration
rate for the zoobenthos in Lake Bolshie Shvakshty was attributed to an
unusually large biomass of chironomids, which can have a very high filtration
rate (> 1,700 mL g™ hr', Izvekova 1975).

DISCUSSION

Feeding Functional Group Composition

We found a dramatic shift in the benthic trophic structure after D.
polymorpha invasion. The structure of feeding functional groups in the
community including Dreissena was overwhelmingly dominated by
collectors-filterers. D. polymorpha was the dominant benthic species in terms
of biomass.

These results are consistent with findings from other lakes and
reservoirs in the former Soviet Union including Uchinskoe Reservoir, Russia
(Lvova-Kachanova and Izvekova 1978, Sokolova et al. 1980a, Sokolova et al.
1980b) and Lake Lukomskoe, Belarus (Karatayev and Burlakova 1992,
Karatayev et al. 1997). The invasion of D. polymorpha in Uchinskoe
Reservoir resulted in the replacement of the dominant species, the chironomid
filter-feeder Glyptotendipes paripes, and drastic changes in the relative
abundance of different species and trophic groups (Lvova-Kachanova and
Izvekova 1978, Sokolova et al. 1980a, 1980c). Following the invasion of D.
polymorpha in Lake Lukomskoe the benthic community was characterized by
an exceedingly high dominance of filterers, which accounted for 95% of the
total benthic animal biomass (Karatayev and Burlakova 1992). As a result, the
trophic structure of the littoral zone was impoverished, and the remaining
trophic groups contributed relatively little to the total biomass. Similar
patterns were found for six other waterbodies across the Former Soviet Union,
where Dreissena comprised > 93% of the total biomass of benthic community
(Karatayev et al. 1994, 1997).

Other studies of benthic communities in zebra mussel beds have
shown dramatic differences in the density and biomass of associated taxa
compare to substrates without mussels (reviewed in Karatayev et al. 1997,
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2002). The creation of new habitat is perhaps the most important effect that
zebra mussels have on the benthic community. Several experimental studies
have shown that the structure created by zebra mussels provides refuge for a
variety of species, and this impact is seen even in the absence of the biological
activity of filtering mussels (Slepnev et al. 1994, Ricciardi 1997, Stewart et al.
1998, 1999).

Another possible mechanism through which zebra mussels may
impact benthic community functional structure is through trophic impacts.
Some studies have reported increases in the relative abundance of collectors
due to enrichment of the benthos with organic substances from feces and
pseudofeces created by zebra mussels or decreases in filterers due to
competition for food with zebra mussels (Izvekova Lvova-Katchanova 1972,
Stewart et al. 1998, Berezina 1999). All of these changes may be obvious
within zebra mussel beds and areas with high mussel densities. However, in
all lakes with zebra mussels much of the bottom is not covered by mussels,
especially in the profundal zone (Stinczykowska and Lewandowski 1993,
Burlakova, Karatayev, personal observations). Therefore, the overall effect on
the entire benthic community might be much less pronounced than in areas
with high zebra mussel densities.

When the average structure of benthic trophic groups was pooled
across lakes with and without zebra mussels, differences in the relative
abundance of the feeding functional groups did not significantly change after
zebra mussel invasion. However, we had relatively few lakes in our sample,
limiting the power of our statistical tests. With greater sample sizes, the
quantitative changes in scavengers could be significant. These results suggest
that the major change in the community was the addition of zebra mussels
rather than the displacement of other functional groups. However, the data for
individual lakes indicated significant changes in several functional groups
before and after zebra mussel invasion, but the changes were not in concert,
and were often in opposite directions for the same functional group. Thus,
these changes were masked when the data were pooled. These results do,
however, highlight the importance and power of before and after data. To fully
understand the impacts of zebra mussels on communities we need much more
community data on lakes before and after invasion, and, unfortunately, these
data are rare.

Suspension-feeders are an integral component of aquatic ecosystems.
They feed upon a very dilute food resource and convert previously dispersed,
minute materials to larger animal biomass, i.e., their own bodies (Wallace and
Merritt 1980). The overpowering dominance of collectors-filterers after zebra
mussel invasion will drive changes in ecosystem function as they greatly
enhance the rates of deposition of both organic and inorganic material on the
bottom and thus build a direct connection between the planktonic portion of
the water body and the benthos (benthic-pelagic coupling) (reviewed in
Karatayev et al. 2002). In addition, Dreissena as well as many associated
benthic animals are prey for benthivorous fishes (reviewed in Molloy et al.
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1997, Karatayev et al. 1994). They may also provide an important path for
moving energy from the benthic community to higher trophic levels.

Zebra Mussel as a Biofilter

The role of bivalves in and impacts on aquatic ecosystems has long
been recognised for marine and estuarine ecosystems (reviewed in Dame
1993, 1996). Bivalves can affect nutrient cycling by consuming particulate
and dissolved organic matter and excreting inorganic nutrients. They affect
community structure (both in the water column and on the benthos) and can
influence community stability, diversity and interspecies links (Dame 1996).
Zebra mussels create high densities over large areas in lakes and efficiently
filter large volumes of water. They deposit substantial amounts of pseudofeces
and feces on the bottom. Thus, they play the same ecosystem engineering role
as marine bivalves (Karatayev et al. 2002).

We found that before invasion by zebra mussels, the planktonic
community filtered the equivalent to the volume of each lake within a few
days, and were on average > 200 times more effective than the benthic
community, which took four years to filter the same volume. We found no
significant changes in the total biomass or filtration capacity of the
zooplankton community in lakes after zebra mussel invasion. However, the
total average biomass of the benthic community, including zebra mussels,
increased 22 times, and filtration ability of the benthic community increased >
70 times. Consequently, the time required to filter the volume of each lake for
the benthos was no different than that for the zooplankton community. The
impacts of increased benthic filtration on the ecosystem will depend on the
size of the Dreissena population, lake morphometry and rate of water
exchange, and will be more pronounced in littoral zone where zebra mussels
are most dense and less in profundal areas of deep lakes where zebra mussels
are rare or absent.

Our results are consistent with the findings of other studies. During
the summer, D. polymorpha has been estimated to filter the volume of water
equivalent to that of an entire waterbody from 5 to 90 days (Mikheev 1967,
Stanczykowska 1977, Lvova et al. 1980, Protasov et al. 1983, Reeders et al.
1989, Karatayev and Burlakova 1995a, Petrie and Knapton 1999). After D.
polymorpha invaded Lake Lukomskoe (Belarus), the filtration capacity of the
benthic community increased 320 times, and the time to filter the equivalent
of the volume of the lake decreased from 15 years to 17 days. At the same
time zooplankton abundance declined, and the time required for the
zooplankton community to filter the equivalent of the volume of the lake
increased from 5 to 17 days (Karatayev and Burlakova 1992, 1995b).
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In most freshwater ecosystems, benthic production is driven by the
slow rain of suspended organic material to the bottom and to a lesser extent by
the filtration activity of bottom suspension-feeders where most species feed on
detritus or other benthic organisms. Consequently, the typical benthic
freshwater system is considered to be detritus dominated, rather than relying
on large amounts of primary productivity or direct links to planktonic
processes. Usually, the benthos are not capable of controlling processes or
dynamics in the planktonic system. Zebra mussels, filtering vast amount of
water in a short period of time, provide a direct link between processes in the
plankton and those in the benthos and by their deposition of pseudofeces and
feces, provide a direct conduit for primary productivity in the water column to
the benthos. Thus, they are able to control pelagic processes by removal of
particulate matter, increasing water transparency and hence the volume of the
photic zone, impacting phytoplankton standing stock, and, therefore, they can
influence planktonic trophic interactions (reviewed in Karatayev et al. 2002).
As a result, the role of the benthic community in lakes populated by zebra
mussels increases tremendously and the benthos become capable of
controlling processes and dynamics in the planktonic system and, therefore,
the whole freshwater ecosystem. All of these effects are the direct result of
changes in the trophic structure of the benthic community after zebra mussel
invasion and the overwhelming dominance of one trophic group — filterers.
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