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ABSTRACT

A zooplankton survey of Lake St. Clair sampled 12 sites that were uniformly distributed across the lake over 10 dates from May to October 2000.  Metered tows using a conical net with a 63µm mesh were taken from bottom to surface.  Overall zooplankton density averaged 168.6 individuals/L with Dreissena veligers the most abundant single species at 122.7 individuals/L.  Rotifers, copepods and cladocerans were far lower in abundance than historical levels and far lower than Dreissena density: rotifers, 20.9/L; copepods, 18.1/L; and cladocerans, 6.8/L.  Surprisingly, species richness (S) of zooplankton taxa in 2000 was 147, a value virtually unchanged from that of the first survey by Reighard in 1894.  Lakewide, the decline in abundance was greatest for rotifers (-90%) and about equal for cladocerans (-69%) and copepods (-66%).  The decline in the southeastern region was significant (P<0.05) for all three major groups of zooplankton, whereas in the northeastern region the decline was significant only for rotifers.  It appears likely that the great reduction in rotifer abundance is largely the result of direct consumption, predominantly by settled Dreissena.  Reduction of crustaceans is likely to be due to more complex interactions including removal of nauplii as well as resource competition for phytoplankton   The clearance rate for settled Dreissena in Lake St. Clair, although small compared to that of western Lake Erie, is sufficient to filter the volume of the lake approximately 2.6 times before it is renewed.

INTRODUCTION

Lake St. Clair is the smallest lake in the Great Lakes system but it is the 11th largest inland lake in the continental United States and is only dwarfed by the larger Great Lakes surrounding it (Herdendorf 1982).  It is extremely important to the ecology and economy of the Great Lakes region.  Ecologically, Lake St. Clair is part of the St. Clair-Detroit upper connecting channels system and supports diverse habitats and a productive biological community in its comparatively shallow waters (Edsall et al. 1988; Leach 1991).  Economically, Lake St. Clair is an important link in the Great Lakes navigation system and it supports recreational boating and a sport fishery worth millions of dollars per year to the State of Michigan and the Province of Ontario.  Over 70 species of native and migrant fishes are found in the lake and 43 of those use the lake for spawning (Leach 1991).
Fortunately, the former Michigan Water Resources Commission (1975) and the Ontario Ministry of Environment (Leach 1972) conducted water quality and biological surveys of Lake St. Clair over 25 years ago.  Included were investigations on zooplankton community composition in U.S. (Bricker et al. 1976) and Canadian (Leach 1973) waters.  A more recent study, based on data from 1984, reported that Lake St. Clair zooplankton was dominated by cladocerans (mostly bosminids) unlike the Great Lakes proper, which are dominated by calanoid copepods (Munawar et al. 1991).  The zooplankton community is the critical link in the trophic structure of lakes, providing the bioenergetic pathway from primary producers to the fish community.  They are a critical food source for all young-of-the-year fishes (Graham and Sprules 1992) and are important indicators of water quality (Gannon and Stemberger 1978; Evans 1992; Stemberger and Lazorchak 1994; and Stemberger and Miller 1998).  


The studies by Bricker et al. (1976) and Leach (1973) noted that zooplankton densities in Lake St. Clair were low.  However, Sprules and Munawar (1991) stated that Lake St. Clair zooplankton biomass was second only to that of Lake Erie among the Laurentian Great Lakes.  All the above studies were done before zebra mussels became the dominant benthic organism in the lake.  Sprules and Munawar (1991) suggested that the zooplankton community of Lake St. Clair is not only of reduced taxonomic diversity but is dominated by small-bodied organisms.  This observation combined with the fact that zebra mussels are known to be able to filter small-bodied zooplankters such as rotifers (MacIsaac et al. 1991; MacIsaac et al. 1995) makes it possible for filtration by zebra mussels to have caused significant direct changes to the zooplankton community structure apart from any indirect changes due to removal of phytoplankton.  

Recent studies done before the establishment of zebra mussels elsewhere in the Great Lakes have been done largely in Lakes Erie, Michigan, and Ontario.  Although these studies were published in the 1990s, the samples on which they were based were taken before the zebra mussel invasion or before zebra mussels became sufficiently common to cause changes on an ecosystem scale.  Lake Erie studies include Makarewicz (1993) which reported a decrease in crustacean zooplankton abundance in 1983-1987 and suggested that the lake as a whole was not eutrophic judging by a lack of dominance by eutrophic indicator species. Lake Michigan studies include a report that in Green Bay, eutrophic conditions produced dominance of algal growth over zooplankton grazing (Sager and Richman 1991).  Evans (1992) concluded that changes in zooplankton community structure over the last three decades were not likely to be due to top-down effects.  However, Makarewicz et al. (1995) reported that predators (Bythotrephes, alewife, and bloater chubs) exerted a controlling influence on Lake Michigan zooplankton, especially on large-bodied species.  Lake Ontario studies include Johannsson et al. (1991) who concluded that the basic zooplankton community structure had not changed from 1960 to the late 1980s.  Johannsson and O’Gorman (1991) found evidence for top-down effects on the zooplankton community but not for bottom-up control. Mazumder et al. (1992) indicated that rotifers were the dominant subgroup of zooplankton in 1970 as well as in 1982 but that the food web of Lake Ontario was relatively inefficient: algae>rotifers>cyclopoid copepods>mysids>planktivorous fish>salmonids.  This food web is potentially vulnerable to zebra mussels due to the key role played by rotifers.  Reduction of these small-bodied zooplankters by zebra mussel filtration could have significant bottom-up trophic consequences.

The above studies provide important background information by suggesting that there are significant differences in the zooplankton community and the food webs of the different Great Lakes.  Lake St. Clair is a shallow unstratified lake with a very short water residence time in the western sector and a moderately short residence time in the eastern sector.   Short water residence times are believed to limit zooplankton biomass (Pace et al., 1992).  To the extent that Lake St. Clair has such characteristics, it may resemble large river ecosystems even more than lakes therefore the findings of Pace et al., 1992, may be applicable here.  Other regions of the Great Lakes have undergone different changes in their zooplankton communities and their food webs over the past few decades and apparently have responded differently to the introduction of exotics and other historical changes.  The above realities have made it difficult to extrapolate from data obtained in other areas of the Great Lakes to Lake St. Clair.  

There have been several large lake or river studies based on data obtained after zebra mussels reached sufficient biomass to cause changes in the zooplankton.  MacIsaac et al. (1995) reported that in lab studies, larger D. polymorpha could retain rotifers and that rotifer clearance rates increased with increasing mussel size.  Larger taxa, including copepod nauplii and cladocerans, were not affected.  Since there was a decline in several zooplankton taxa, especially rotifers, in western Lake Erie in the 1989-1993 period that coincided with the increase in zebra mussel abundance, the authors suggest that direct suppression is the most likely explanation.  They also indicated that suppression continued as of 1993 involving both rotifers and copepod nauplii and that suppression of other taxa might be due to competition for phytoplankton with Dreissena  (MacIsaac et al. 1995).  The most relevant unpublished work was done on Saginaw Bay based on data from the early to mid-1990s.  Results thus far indicate that rotifers have declined by about 65%, copepods have declined slightly, and cladocerans have shown little change (T.F. Nalepa NOAA, pers. comm.).  

A model based on data from Green Bay in Lake Michigan (Padilla et al., 1996) indicates that zebra mussels have strong negative effects on larger taxa of phytoplankton resulting in large reductions (80%) in chlorophyll.  In contrast, only small changes were felt among the nannoplankton and by herbivorous zooplankton (cladocerans).  Their model either did not consider or did not indicate that direct consumption of small zooplankton taxa would cause changes in the zooplankton community, in fact it predicted that zebra mussels would have little effect on zooplankton abundance.

An instructive study on the Hudson River reported that after the zebra mussel invasion, phytoplankton biomass declined 80-90% and total zooplankton biomass declined over 70%.  This zooplankton decline was mostly due to reduction of microzooplankton; ciliates, rotifers, and nauplii (Pace et al., 1998).  Interestingly, the loss of phytoplankton did not cascade up the food web because zooplankton in the Hudson River also use bacteria and detritus which are readily available in this river system.  Thus the larger zooplankton (cladocerans and copepods) have a sufficient post-Dreissena food supply despite the large reduction in phytoplankton.

Johannsson et al., 2000 concluded that although zebra mussels reduced algal biomass and primary productivity in Lake Erie, they were unable to demonstrate a negative impact of zebra mussels on zooplankton by competition.  Zebra mussels did impact zooplankton in other ways, namely by reducing rotifer abundance and biomass and by producing veligers that contributed 10-25% of the zooplankton productivity.

After zebra mussels became established in Oneida Lake (NY) water clarity increased, algal biovolume decreased, but overall primary productivity remained unchanged due to a compensatory effect of increased water clarity extending the photic zone (Idrisi et al., 2001).  The daphnid community biomass and productivity did not change although the dominant species shifted from D. galeata mendotae to the larger taxon, D. pulicaria.  Despite their abundance as well as having generated an increase in system-wide grazing, zebra mussels did not cause a decline in pelagic productivity at the primary, secondary, or tertiary levels.

Further, differences between Lake St. Clair and the Great Lakes suggest that its zooplankton community is likely to have responded differently to the zebra mussel invasion.  In Lake St. Clair, zebra mussels interact with zooplankton in the context of a shallow-water, high flushing rate ecosystem that has recently had a substantial increase in macrophytes with moderate levels of nutrient enrichment from CSOs and industrial pollution.  For example, macrophytes in U.S. waters were found at 59% of the stations in 1978 and at 92% of the stations in 1995 (T.A. Edsall USGS/BRD, pers. comm.).  Given these unique conditions combined with the recent changes occurring in Lake St. Clair and the likely impact on its zooplankton community by zebra mussels, there is concern that the zooplankton density may now be too low to support adequate survival and recruitment of larval fishes.

The purpose of this study was to determine the identity and abundance of the zooplankton in Lake St. Clair and to assess the status of this community in relation to historical reports, especially those done by Leach 1973 and Bricker et al. 1976.

METHODS
Sampling Sites and Procedures

Zooplankton and water quality samples were collected at twelve sites uniformly distributed over the surface of Lake St. Clair (Figure 1).  Four sites (1, 2, 10, and 12) were located in U.S. waters and the remaining eight sites were in Canadian waters.  Table 1 lists the coordinates for the LSC 2000 sites.  These sites were representative of the general areas sampled in the two most comprehensive earlier investigations; Bricker et al. (1976) and Leach (1973).  Sample locations used by Bricker et al. 1976 were on the northwest side of the lake entirely within the U.S. border (Figure 2).  There is a distinct cluster of sites at the outfall of the Clinton River however these were not used in comparisons between their data and ours.  Added to this same figure using different symbols, are the four closest sites from the LSC 2000 study.  Sample locations used by Leach (1973) are all in Canadian waters and lie in the central and southeastern region of the lake (Figure 3).  Although Leach reports on two river sites in addition to his 12 lake sites, comparisons used herein involve only eight of his lake sites.  The exact site parings we used for comparison of our data with that of Leach 1973 and Bricker et al. 1976 are listed in Table 2.  These pairings were based on proximity with one exception.  Our site 12 was closest to Bricker et al. site 4, however site B4 data were unavailable so site B5 was substituted.

Samples were taken once in May and October and twice monthly from June through September 2000 for a total of ten sample dates.  These ten dates and the 12 sites sampled on each date gave a total of 120 samples.  Zooplankton was sampled with a 63 µm mesh conical net with a 50 cm diameter mouth, equipped with a Rigosha 5571-B flow meter towed obliquely at a retrieval rate of at least 0.5 m/sec.  The net was lowered to the lake bottom before retrieving it resulting in the capture of some taxa normally considered benthic.  Each sample was replicated to provide a backup in the event the first sample was lost or compromised.  

The flow meter was calibrated by attaching it to a 50-cm net ring without a net and towed for four replicates at a variety of depths with flow meter revolutions recorded.  These data were plotted and the resulting regression equation (y = 9.474x + 2.312) used to determine the revolutions without the net.  Revolutions with the net were recorded directly upon retrieval of the net after sampling.  Net efficiency is determined from these two values as shown below.  The net efficiency, multiplied by the area (in m2) of the column of water sampled (tow distance in m) multiplied by 1000 which gives the volume sampled in liters.



Net efficiency = (revolutions with net)

(revolutions without net)

Liters sampled = net efficiency [(πr2) tow distance] 1000

As soon as it was hauled out of the water, the plankton net was rinsed from the outside to wash zooplankton into the collection bucket.  After detaching the collection bucket, it was partially immersed in water containing an Alka Seltzer tablet to expose the sample to buffering and narcotizing agents.  This relaxes the organisms and aids in eventual identification of rotifers (Stemberger 1979).  Each sample was washed from the collection bucket with water into a sample jar.  Buffered and sugared formalin (2 g Borax/100 ml and 4 g sucrose/100 ml with 8 mg Phloxine B dye/l formalin added to enhance visibility of zooplankton) was added to bring each sample to a final concentration of 5% formalin by volume.  These zooplankton samples were stored until identification and enumeration was performed, with one replicate housed at the USGS/BRD Great Lakes Science Center, Ann Arbor, Michigan and one at Oakland University, Department of Biological Sciences, Rochester, Michigan. 

Zooplankton Analysis

Each zooplankton sample was strained and drained of formalin.  The sample was diluted with water, stirred to evenly distribute the plankton, and then subsampled (4 ml) with a Hensen-Stemple pipette.  Dilution volume was based on counting approximately 100 of the numerically dominant species in each sample. Zooplankters were identified to lowest possible taxon and enumerated with the aid of a Ward counting wheel under a dissecting microscope with an ocular micrometer.  The first ten individuals per species per station were measured to the nearest micron.  Certain taxa (such as Bythotrephes) are considered too large to be subsampled; these were removed by hand, and then processed in the same manner.  Subsamples were returned to the original sample jar after processing and the procedure was repeated for a total of three subsamples.  All three subsample counts were averaged and the resulting mean used to calculate number of organisms per liter.  These data, together with length measurements, were converted to biomass estimates with regressions supplied by the USGS/BRD in Ann Arbor, Michigan.  These regressions were culled from a variety of referenced sources.
Nauplii of all copepod suborders were combined into a single category.  Copepodites were counted separately as cyclopoid or calanoid.  Harpacticoid juveniles and adults were counted together.  Counts of cladoceran juveniles were added to their respective adult counts.  Taxa were identified according to keys in Edmondson (1959), Pennak (1989), Stemberger (1979), and Balcer et al. (1984).  Additional detailed species keys were utilized as needed.

Nutrients and Physico-chemical Measurements

In addition to water temperature, O2 concentration, and Secchi depth, a water sample was collected with a 4.2 L Van Dorn bottle at each site.  Except for Secchi depth, the measurements and water samples were taken at a depth of 2m.  Upon retrieval of the sample, lake water was immediately delivered into a 1 L brown opaque Nalgene bottle and placed on ice.  This sample was kept dark and cold until filtered for chlorophyll a analysis following standard methods for spectrophotometric determination (Clesceri et al. 1998).  A 250-ml Nalgene bottle was also filled and kept on ice until a standard nutrient array including total phosphorus could be performed (within 72 hours).  Chemical analyses were done by the Water Quality Laboratory, Heidelberg College, Tiffin, Ohio.

RESULTS AND DISCUSSION

Physico-chemical data

Lake St. Clair is a well-mixed hard water lake with an unusual amount of flow-through due to the large volume of Lake Huron water entering from the St. Clair River and exiting by way of the Detroit River.  A partial summary of the 2000 physico-chemical characteristics is given in Table 3 listed by sample date.  Each value is a mean of the measurements at the 12 sampling sites hence represents a whole-lake average.  Oxygen is very close to saturation levels for the prevailing water temperatures at each date.  There was no evidence from occasional checking that there was any vertical stratification in the lake that might have resulted in different values for these parameters with depth.  Of primary interest is how these values might have changed in relation to those reported for the early 1970s.  Comparability of our data with that of the Ontario Ministry of Environment (also summarized in Leach 1972) is generally good both temporally and spatially.  This comparison involves data from May to October and samples spread over approximately two-thirds of the lake.  Only dates and sites that matched with ours were used in this comparison.  Comparing our data for the U.S. waters with that of Bricker et al. 1976 is more problematic since they report only three dates; one each in July, August, and September of 1973.  Further, their sites were heavily concentrated in certain areas, such as the outfall of the Clinton River, so that only four of their sites provided a good geographic match with our data.  Table 4 presents data by site for LSC 2000 and for the 1972/73 studies.  Most of the nutrients and other parameters have changed relatively little.  The only possible exceptions to this generalization are conductivity, Secchi depth, and chlorophyll a.  Conductivity is consistently higher at each date in the 2000 samples averaging 24% greater than in 1972/73.  Secchi is likewise consistently higher in the 2000 samples averaging 64% greater than in the early ‘70s.  Chlorophyll a values in the 2000 samples average 41% less than those from 1972/73, however they are not as consistent as for the previous measures.

Some idea of the year-to-year variability in these parameters can be seen in Table 5 in which five years of data from 1971-1975 are presented for some of the measurements based on Ontario MOE analyses.  Values such as Secchi depth, alkalinity, conductivity, sulfate, chloride, and phosphate-phosphorous are relatively stable over these years with nitrate, nitrite and silicate showing more variability.  Unfortunately there are too few reports for chlorophyll a to assess its variability.  

The Zooplankton Community in Lake St. Clair: 2000

Examination of our 120 zooplankton samples from Lake St. Clair in 2000 revealed 164 total taxonomic groups, of which 3 were larval stages likely representing one or more of the copepod taxa separately identified.  Of these 164 taxa, 147 were truly planktonic and 17 were primarily benthic taxa.  Table 6 lists these taxa by major taxonomic group including the actual counts and the density calculated as number of individuals per liter of lake water.  Of the major groups of freshwater zooplankton, the breakdown is as follows.  There were 28 taxa of cladocerans, 21 of which were identified to species and seven to genus.  Nineteen taxa of copepods were identified in addition to three immature stages; 18 were identified to species and one category was devoted to unidentified harpacticoids.  There were 99 taxa of rotifers, 73 of which were identified to species, 25 to genus and there was one grouping of unidentified Rotifera.  Among the 18 other taxa there were mostly benthic organisms including insect larvae, oligochaetes, amphipods, gastropods, and ostracods.  Most noteworthy among these taxa was the planktonic veliger larva of the zebra mussel, given a separate category in Table 6 due to the characteristic enormous densities of this exotic bivalve.  A species/area curve (Fig. 4) for the 12 sample sites showed that the curve was still rising at the end.  Crude extrapolation of the curve suggests the total number of zooplankton species in Lake St. Clair is more nearly 190 species that, minus the 17 benthic taxa, gives 173 planktonic species.

In terms of density, the great majority of species were minor components of the zooplankton community.  Dominance, even within their group, was achieved by only a few species.  Within the cladocerans, Bosmina longistrostris (now recognized as consisting of two new Bosmina species; B. liederi and B. freyi as cited in Johannsson et al., 2000) was the sole dominant at an average abundance of 6.5/L.  No other cladoceran taxon achieved a density of over 0.2/L.  Among the copepods, immature stages were numerically dominant, especially nauplii which averaged 14.2/L.  The highest density among adult copepods was seen in Leptodiaptomus minutus at 0.12/L.  Among the rotifers, there were four taxa whose mean density exceeded one per liter; Polyarthra vulgaris at 6.6/L, Synchaeta sp. at 4.6/L, Keratella cochlearis at 1.8/L, and Brachionus angularis at 1.4/L.  Finally, dwarfing all other taxa either individually or as a combined total, were Dreissena veligers at 122.7/L.  

The most common pattern of abundance change over the season was an increase from spring to summer followed by a decrease in fall (Table 7).  In 1972/73, both cladocerans and copepods showed this change in abundance however rotifers continued to increase in the fall samples, reaching their highest density of 249/L in fall.  In 2000, all these groups were markedly lower, particularly in summer and fall samples.  Cladocerans changed little over the seasons while copepods and rotifers showed the common pattern of increase followed by decrease.  These seasonal changes are relatively minor compared to the overall decline in abundance among all three major zooplankton groups with rotifers showing the largest decline both in absolute and relative terms, followed by copepods and cladocerans.  If one looks only at total abundance, the markedly lower abundance values of 2000 are partially concealed by the great numbers of Dreissena veligers in the spring and summer samples.  However, veliger density fell by over an order of magnitude in the fall resulting in a similar decline in the total abundance for 2000 (Table 7).  A summary of these changes by taxonomic group is shown in Fig. 5 along with the % changes that each group has undergone since 1972/73.  Again, the rotifers stand out as the most reduced group (-90%) among the zooplankton community.

A contrasting view of the changes that have occurred to the zooplankton community can be appreciated when viewing the data organized by sample site since this provides some distribution information.  This is especially appropriate in view of Leach’s demonstration that the lake is essentially divided into two main regions: a northwestern region of rapid flushing rate of oligotrophic waters from Lake Huron, and a southeastern region that is a more stable, eutrophic water mass (Leach 1972; 1980).  Table 8 presents the major zooplankton groups for 1972/73 and 2000 arranged by LSC 2000 site number.  In the earlier studies of Leach 1973 and Bricker et al. 1976, careful inspection of the data indicates that the top three densities of cladocerans, copepods, and rotifers were at the south-central and southeastern sites; numbers 6, 8, and 9.  The lowest densities were reported at sites 1, 2, 10, and 12, which are the northwestern sites located in U.S. waters.  In 2000 the highest densities were in much the same region but included site 5 for cladocerans and copepods.  Overall, the year trends are similar, but a look at Table 9 indicates some interesting shifts.  Table 9 ranks the sites from highest to lowest overall density.  In 1972/73 the south-central and southeastern sites (nos. 6, 9, 8, 7, & 5) were at the top of the list, supporting Leach’s view that it was a more eutrophic region.  The lowest densities were on the U.S. side of the lake (nos. 2, 10, 1, & 12).  Sites 3, 11, & 4 were transitional in position but were moderately dense and could be justly placed with the more eutrophic group.  In 2000, sites 6, 9, 7, and 8 are again at the top of the list.  However site 1 is the next most dense in zooplankton density despite being located in Anchor Bay where the water comes directly from Lake Huron by way of the St. Clair River and the North Channel.  Site 4 is also displaced compared to the 1972/73 data and is at the bottom of the list whereas it was essentially the same as site 5 in the first list.  Hence it appears that in 2000 the distribution of zooplankton was somewhat more complex than it was in 1972/73 although the basic separation of the lake into two productivity regions is still fairly evident.  

Table 10 uses t-tests to compare the 1970s data with that of 2000 sorted into major zooplankton group and by lake region.  The comparisons were based on two-sample t-tests with Bonferroni correction.  Non-parametric tests gave identical results.  Compared to 1970s densities, all three groups showed significant reductions in the southeast region in 2000.  In the northeastern region, the 2000 data are not significantly different from the 1970s data for cladocerans and copepods; only rotifers show a significant reduction.

Table 11 provides ranked mean density and relative density of the highest 28 taxa from both the 1972/73 studies and the 2000 study.  In 1972/73, rotifers were numerically dominant over other major taxonomic groups, holding five of the top 10 places.  Copepods are next, although their position is largely due to the abundance of larval stages.  Cladocerans are represented by Bosmina longirostris and Daphnia sp. in the top 10.  In 2000, Dreissena larvae were the most abundant group followed by a list of rapidly declining densities that includes nauplii, copepodite copepods, five rotifer taxa and Bosmina longirostris.  It is noteworthy that daphnids have declined markedly from 8.9/L to less than 0.2/L while Bosmina longirostris has changed far less in either density or relative abundance.   The rotifer, Keratella cochlearis, is another species that has drastically declined in density changing from 99.7/L to 1.8/L.  The dominance of Dreissena veligers in the 2000 zooplankton community is readily apparent in Table 11 as it was in previous tables.  One can only speculate how different the abundances of other taxa in 2000 might be if it weren’t for Dreissena.  The high numbers of both adults and larvae are likely placing a significant competitive pressure on other filter-feeders in this community.

In order to further examine the dominant role that Dreissena veligers are playing in terms of abundance in Lake St. Clair zooplankton Table 12 presents zooplankton density in 2000 with and without Dreissena veligers.  Veligers made up from 45% to 87% of the zooplankton density (mean = 71.5%) with the lowest percentages for sites in the northeastern part of the lake and higher values scattered elsewhere.  Site 7, located in the eutrophic region of the lake, had the highest density without veligers at 117.5/L and sites 2, 3, and 10, located in areas with high flow-through of Lake Huron water, had the lowest.  Not surprisingly, most sites showed a substantial reduction in non-Dreissena zooplankton density ranging from -52.7 to -90.3 at nine of the sites.  Three sites, however, had increased non-Dreissena zooplankton densities, numbers 1, 2, and 10; sites that had among the lowest 1972/73 zooplankton densities and that are in the more oligotrophic northwestern region of the lake.

Changes in the species composition of the Lake St. Clair zooplankton community are presented in Table 13.  Species found in 2000 that were, to our knowledge, not reported previously are listed by major taxonomic group.  Some earlier sources list zooplankton by genus or a higher taxonomic group and these sources are less useful than Winner et al. 1970; Leach 1973; and Bricker et al. 1976.  Four species of cladocerans were not previously listed, including the exotic Bythotrephes longimanus (formerly B. cederstroemi).  We did not find the recent exotic cladoceran Cercopagis spp.  Among the copepods, there were six previously unlisted species including a first record of the exotic Heterosphyllus nunni.  Thirty-six species of rotifers were not previously listed including bdelloids that were not further identified.  

One of the difficulties in comparing a whole-lake community study with similar studies done in the past arises from inevitable differences in methodology.  Among the various zooplankton studies on Lake St. Clair are differences in location of study area/sites, use of different net designs, different mesh sizes, different tow (haul) protocols (bottom to surface vs. 2m to surface), identification of zooplankters to different taxonomic levels (species, or genera, or higher groups), etc.  Table 14 summarizes some of the methodological details of this study in relation to the three most recent and comprehensive studies done on Lake St. Clair.  We believe there are two details that are particularly egregious having led to misleading results or emphases.  First, is the use of a mesh size that is relatively large compared to that of other studies and large in relation to the entire range of sizes among the zooplankton taxa.  In the case of Sprules and Munawar (1991) a 110 µm mesh was used.  Many rotifers, depending on their orientation, will pass through a 110m mesh leading to the underestimation of rotifer density.  Despite this issue, Sprules and Munawar 1991 concluded that relative and absolute abundances of rotifers had declined since the 1972/73 studies and that “the reduction in rotifer biomass may be due to the increase in cladoceran competitors…” (p. 235).  A second example is seen in the conclusion in Bricker et al. 1976 in which they indicate that Lake St. Clair is very low in zooplankton abundance.  It is likely that this perception has arisen from their having sampled only the northwestern section of the lake that is largely oligotrophic Lake Huron waters with very short residence time.  Later whole-lake studies have concluded that the lake actually has a relatively high zooplankton biomass, second only to that of lake Erie (Sprules and Munawar 1991). 

Biological studies of Lake St. Clair extend back to Reighard’s account of work done by the Michigan Fish Commission in which the lake was examined from a broad taxonomic perspective listing and discussing plants, invertebrates (both benthic and planktonic), and vertebrates, most notably fishes (Reighard 1894).  A few zooplankton species are identified and some totals for taxonomic groups are given; for example, they found 110 species of rotifers, 22 species of cladocerans, and 15 species of copepods.  Although the total for rotifers is somewhat higher than what we have found, the total species for those three groups is exactly the same as ours, 147.  Reighard was the first to characterize Lake St. Clair as a plankton-poor lake, a judgement that appears to have resulted from his having sampled only the western half of the lake with its relatively oligotrophic water mass originating from Lake Huron.  

Leach was among the first to recognize the significance of the unusual current structure of the lake and its implications for biological productivity (Leach 1972; 1980).  Although modified to some degree by wind direction, the current from Lake Huron remains largely on the west side of the lake resulting in two somewhat distinct water masses.  In the northwest third is a water mass characterized by relatively low productivity, noticeable current, and short residence time.  In the southwestern two-thirds is a water mass with higher productivity, greater stability, and longer residence time.  Contributing to this more eutrophic southeastern section is a significant influx of nutrients from the small rivers that drain the adjacent agriculturally productive land of southern Ontario.

In an earlier paper by Winner et al. (1970) sampling was done weekly with a 28µm Wisconsin net from 31 May through 7 Aug 1969 at two stations located 100 yards offshore of the Belle and Thames river outfalls.  Rotifers were the only zooplankton group analyzed in detail.  Keratella cochlearis (5500/L peak) and Polyarthra vulgaris (200/L peak) were the dominant species.  Crustaceans were mentioned in general terms only so that this study is of limited comparability.

Leach completed the first large-scale zooplankton survey of the 20th century in Lake St. Clair (Leach 1973).  He sampled the Canadian waters (two-thirds of the lake) and found 19 genera of rotifers, 22 species of cladocerans, 12 species of copepods.  Rotifers were still numerically dominant.  Biological support for his contrasting water mass observation was provided by the gradient in overall zooplankton abundance that increased from 160 individuals/L in the northwest (near the shipping channel) to nearly 1000 individuals in the southeastern part of the lake.  He attributed these higher densities to higher temperatures and chlorophyll a levels in the southeast region.  Leach’s data also correct the statement by Reighard (1894) that the plankton of Lake St. Clair was distributed uniformly.  Although this misimpression could have arisen due to differing flow characteristics of the lake prior to construction of the shipping channel and the cutoff canal at Seaway Island, it is more likely the result of Reighard’s having sampled only the western half of the lake.  

In the year following Leach’s zooplankton study, a zooplankton survey was done in the U.S. waters of Lake St. Clair in 1973 (Bricker et al. 1976).  This survey sampled once each in July, August, and September reporting 65 species of rotifers, 28 species of cladocerans and 16 species of copepods (109 total taxa).  The most abundant crustacean was Bosmina longirostris (as it was in Leach’s study).  Comparison of these two studies indicated that the density of rotifers was four times higher and crustaceans were 19 times higher on the Canadian side.  Interestingly, Bricker et al. (1976) reached a conclusion reminiscent of Reighard’s (1894) that the “average biomass is considerably lower in Lake St. Clair than in the other Great Lakes”.  The authors conjectured that it may be due to the extensive development of the hydrophytic zone in that beds of aquatic macrophytes directly inhibit limnetic species of zooplankton.

The most recent study involving a comprehensive zooplankton survey of Lake St. Clair was discussed is that of Sprules and Munawar, 1991.  In this study, 7-8 stations were sampled once each month from June-September.  Most taxa were not identified to genus or species but were grouped into higher taxonomic categories that the authors felt were justified on ecological grounds.  They found that total zooplankton abundance had decreased slightly since the above 1972/73 studies and that small bosminid cladocerans were the most abundant of the groups they recognized.  Rotifers were no longer as numerically dominant as before having been replaced in that category by cladocerans in all months except September.  The authors were unable to explain what had caused bosminids to become so successful but they characterized this group as efficient and relatively unselective grazers.  Interestingly, in contrast to Bricker et al. (1976), they concluded that Lake St. Clair is relatively high in zooplankton biomass, in fact the lake is second only to Lake Erie among the Great Lakes.  Despite this high biomass, Sprules and Munawar (1991) characterized the zooplankton of Lake St. Clair as dominated by small bodied species and having a reduced taxonomic diversity.  These conclusions need to be interpreted in light of their not having identified the zooplankton to species and using a large mesh net that under-sampled rotifers.

At least one European study has demonstrated that adult zebra mussels are capable of filtering particles whose size includes many smaller zooplankters.  Shevtsova et al. (1986) found that adult Dreissena could filter a wide range of particle sizes including zooplankton up to 400µm in length.  This was investigated in North America in western Lake Erie by MacIsaac et al. 1991, who found that some species of microzooplankton, including Dreissena veligers, were filtered by adult Dreissena.  Small rotifers including species of Polyarthra, Keratella, and Trichocerca showed significant density reduction in the presence of zebra mussels compared to controls without zebra mussels.  Larger taxa, such as the cladocerans Bosmina longirostris and Scapholeberis kingi were unaffected.  The authors concluded that Lake Erie zooplankton may be reduced in density by zebra mussels “through a combination of exploitative competition and predation” (MacIsaac et al. 1991, p. 2056).  

In a later report, it was observed that rotifer density in western Lake Erie declined in abundance by 75% between 1988 and 1990 whereas larger-bodied cladocerans and copepods did not change appreciably or consistently (MacIsaac et al. 1992).  This observation is consistent with a causal role for this reduction by Dreissena since it was in those years that the zebra mussel population in Lake Erie grew rapidly and reached very high densities.  

In a more recent study (MacIsaac et al. 1995), it was demonstrated in the laboratory that rotifer-based clearance rates for large (22mm) zebra mussels approached the published rates for phytoplankton, their primary food.  In fact the capacity to remove microzooplankton extended to Dreissena as small as 10mm.  Representative sizes of some of these zooplankters are:  Polyarthra sp., <89µm; Dreissena veligers, 144µm; nauplii, 173µm.  Despite a report that Dreissena bugensis could remove copepod nauplii (Shevtsova et al. 1986) MacIsaac found that nauplii were not suppressed in their experiments.  Since veligers were removed by adult conspecifics, the authors suggested this could act as a negative feedback mechanism that could lead to density dependent regulation of the Dreissena population in Lake Erie.

Our data for Lake St. Clair in 2000 show that rotifers are the most negatively changed 

(-89.9%) of the major zooplankton groups compared to 1972/73 data.  Densities of copepods (-66.3) and cladocerans (-68.5) were also reduced but not by as much.  This reduction is consistent with a causal role for adult Dreissena, however direct removal is not likely to be the only factor because all groups have declined, even those too large to be vulnerable.  In the latter case, the most likely explanation is negative impact from exploitative competition from an unusually large biomass of filter-feeding adult Dreissena in the benthos.  Negative effects on zooplankton biomass caused by zebra mussel removal of phytoplankton may be detected by reduced chlorophyll concentration and have been reported by several authors (MacIsaac et al. 1992; Holland 1993; Fahnenstiel et al. 1995; Nalepa and Fahnenstiel 1995; Madenjian, 1995; Nicholls et al. 1999).  These effects, operating through the food web, may be distinguished from direct consumption of smaller zooplankters by having broader effects resulting in biomass reductions among all or most of the size classes of the zooplankton community.  In addition, Nicholls et al. (1999) reported that zebra mussels were implicated in reduction of chlorophyll to phosphorous ratio.  In unstratified Lake St. Clair, the seston removal by zebra mussels may have an even greater lake-wide effect than in thermally stratified lakes.  In a well-mixed lake, the entire water column is exposed to the epibenthic layer of adult zebra mussels so that the entire volume of the lake will show effects of selective filtration.

Lake St. Clair supports a moderate Dreissena density.  The most recent year for which data are available is 2001 in a survey done by the authors.  Data for the 1990s is from Nalepa et al. 1996.  Values are mean number of settled individuals/m2 ± SE.

1990 2,581 ± 962.1

1992 2,780 ± 1863.8

1994 2,834 ± 996.4

2001 1,824 ± 677.9

These numbers are typical of Dreissena populations that have reached steady state; the population fluctuates from year to year but there are no longer annual increases of an order of magnitude that characterized the growth during the invasive phase of the late 1980s.  Using clearance rates from MacIsaac et al. 1992 for western Lake Erie and assuming a similar size distribution of settled mussels; it is estimated that Lake St. Clair zebra mussels had a clearance rate of 0.89 m3 m-2 day -1 at the density of 1824 individuals/m2.  Lake St. Clair averages 3m deep and has a mean hydraulic retention time of 9 days (Leach 1991) hence the water volume of the lake is filtered by zebra mussels about 2.6 times.  Although this is far lower clearance rate than for the western basin of Lake Erie (132 m3 m-2 day –1), largely due to the far higher densities there, it is sufficient to explain how a significant removal of microzooplankton could come about.  It may also provide an explanation for the reduction in chlorophyll a from 2.5 in 1972 to 1.5 in 2000 and increase in Secchi depth from 1.4 in 1972 to 2.3 in 2000.
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Fig. 1: Map of Lake St. Clair showing locations of the 12 sites for zooplankton
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Table 1.  Coordinates of the 12 sites sampled in Lake St. Clair for the 2000 zooplankton study.

 Site
Latitude
Longitude
Lat. Degrees
Long. degrees


1
42° 38’48”
82° 43’ 11”
42.64674
82.71966


2
42° 33’48”
82° 45’ 33”
42.56331
82.75926


3
42° 30’12”
82° 41’ 04”
42.50342
82.68455


4
42° 27’56”
82° 34’ 51”
42.46569
82.58086


5
42° 26’15”
82° 27’ 59”
42.43754
82.46635


6
42° 20’11”
82° 28’ 33”
42.33647
82.47588


7
42° 23’47”
82° 37’ 18”
42.39635
82.62171


8
42° 19’20”
82° 38’ 07”
42.32233
82.63522


9
42° 19’49”
82° 46’ 36”
42.33029
82.77659


10
42° 22’23”
82° 52’ 42”
42.37292
82.87821


11
42° 25’35”
82° 44’ 49”
42.42644
82.74685


12
42° 29’31”
82° 50’ 51”
42.49190
82.84743

Table 2.  Site number match-ups used for comparison between the LSC 2000 study and the previous studies by Leach, 1973 (numbers preceded by L) and Bricker et al., 1976 (numbers preceded by B).  


LSC 2000
Bricker/Leach



Site numbers
Site numbers


01
B13


02
B21


03
L4



04
L3



05
L2



06
L13


07
L12


08
L11


09
L9



10
B3


11
L6



12
B5

Table 6.  Zooplankton species found in the LSC 2000 study sorted by major taxonomic group.  For each species is listed its taxonomic code, the actual counts, and the calculated mean density as individuals/liter of lake water.  Density is a mean of 12 sampling sites over 10 dates in 2000.

Cladocera

Species
Code
Count
Mean density

Bosmina longirostris
106
14308
6.47814

Daphnia retrocurva
116
137
0.19337

Sida crystallina
137
37
0.03809

Ceriodaphnia lacustris
108
23
0.02059

Diaphanosoma birgei
125
19
0.02000

Chydorus sphaericus
109
66
0.01730

Pleuroxus denticulatus
134
30
0.01659

Alona setulosa
103
24
0.00577

Daphnia longiremis
115
4
0.00425

Camptocercus sp.
140
7
0.00418

Leptodora kindtii
139
225
0.00383

Daphnia galeata
114
5
0.00344

Acroperus harpae
101
7
0.00332

Polyphemus pediculus
135
11
0.00291

Alona sp.
102
13
0.00218

Holopedium gibberum
128
7
0.00195

Daphnia parvula
111
8
0.00149

Monospilus dispar
132
8
0.00129

Scapholeberis sp.
136
1
0.00103

Alonella sp.
105
2
0.00066

Rhynchotalona sp.
141
6
0.00046

Eurycercus lamellatus
126
1
0.00042

Bythotrephes longimanus
107
2
0.00038

Daphnia sp.
110
1
0.00034

Daphnia ambigua
112
2
0.00031

Ilyocryptus sp.
129
1
0.00022

Graptoleberis testudinar
127
1
0.00021

Ophryoxus gracilis
133
1
0.00008

Copepoda

Species
Code
Count
Mean density

Nauplii
200
30091
14.1546

Cyclopoid copepodites
202
3859
2.0898

Calanoid copepodites
201
4489
1.4667

Leptodiaptomus minutus
221
575
0.1233

Tropocyclops prasinus
234
451
0.1045

Acanthocyclops vernalis
203
23
0.0432

Eurytemora affinis
208
25
0.0397

Harpacticoida
210
178
0.0373

Diacyclops thomasi
205
119
0.0335

Microcyclops varicans
228
24
0.0232

Eucyclops agilus
207
26
0.0055

Leptodiaptomus ashlandi
220
25
0.0041

Epischura lacustris
206
14
0.0032

Limnocalanus macrurus
225
11
0.0014

Mesocyclops edax
227
3
0.0011

Nitokra hibernica
215
18
0.0008

Leptodiaptomus siciloides
223
2
0.0004

Leptodiaptomus sicilis
222
3
0.0003

Heterosphyllus nunni
213
4
0.0002

Elaphoidella bidens
217
7
0.0002

Mesochra alaskana
216
6
0.0001

Rotifera

Species
Code
Count
Mean density

Polyarthra vulgaris
441
9248
6.59153

Synchaeta sp.
450
9698
4.64115

Keratella cochlearis
376
2382
1.81979

Brachionus angularis
310
1579
1.41028

Ploesoma hudsoni
438
2389
0.94206

Polyarthra sp.
440
2708
0.82354

Ploesoma truncatum
437
1502
0.72444

Gastropus stylifer
367
2668
0.59298

Brachionus budapestinensis
312
350
0.37447

Kellicottia longispina
372
1658
0.29495

Conochilus sp.
335
1204
0.29065

Polyarthra major
442
447
0.28567

Ascomorpha ovalis
304
837
0.23522

Keratella hiemalis
380
66
0.21341

Monostyla lunaris
410
686
0.20326

Ploesoma sp.
435
571
0.14946

Asplachna priodonta
306
221
0.11273

Trichocerca multicrinus
466
332
0.11146

Synchaeta stylata
452
87
0.10695

Bdelloidea sp.
480
256
0.10507

Collotheca sp.
325
378
0.06894

Filinia longiseta
362
162
0.06646

Keratella quadrata
381
117
0.06250

Asplanchna sp.
305
179
0.06130

Unidentified Rotifera
479
89
0.05825

Trichocerca mucosa
472
282
0.04628

Keratella valga
382
52
0.04168

Brachionus calyciflorus
313
34
0.03873

Conochiloides hippocrepis
336
32
0.03302

Brachionus caudatus
314
68
0.03202

Lecane luna
386
73
0.02973

Trichocerca sp.
465
102
0.02637

Trichotria tetractis
476
114
0.02350

Monostyla bulla
406
40
0.02263

Euchlanis dilatata
353
34
0.02134

Brachionus bidentata
311
26
0.02086

Gastropus hyptopus
366
134
0.01972

Filinia sp.
360
20
0.01908

Dicranophorus sp.
340
71
0.01791

Trichocerca cylindrica
467
46
0.01725

Ploesoma lenticulare
436
81
0.01460

Trichocerca bicristata
471
33
0.01320

Brachionus variabilis
319
18
0.01135

Keratella sp.
375
18
0.00822

Notholca squamula
423
25
0.00775

Monostyla quadridentata
411
19
0.00557

Kellicottia sp.
370
12
0.00491

Lepadella ovalis
396
18
0.00471

Platyius patulus
431
3
0.00457

Euchlanis calpidia
352
23
0.00388

Cephalodella sp.
320
28
0.00387

Lepadella sp.
395
8
0.00365

Notholca sp.
420
36
0.00336

Dicranophorus mesotis
343
5
0.00332

Trichocerca porcellus
470
4
0.00326

Euchlanis sp.
350
13
0.00319

Trichotria pocillum
475
14
0.00302

Lecane ohioensis
388
7
0.00269

Euchlanis parva
354
6
0.00258

Ascomorpha sp.
301
1
0.00229

Brachionus urceolaris
318
7
0.00222

Trichocerca pusilla
473
6
0.00219

Conochiloides unicornis
337
21
0.00199

Keratella crassa
379
29
0.00198

Trichocerca lata
464
10
0.00183

Lepadella patella
397
8
0.00160

Notommata sp.
425
9
0.00160

Scaridium longicaudum
447
6
0.00145

Macrochaetus sp.
402
5
0.00137

Euchlanis pellucida
356
1
0.00137

Dicranophorus forcipatus
342
2
0.00133

Notholca laurentiae
422
12
0.00132

Gastropus sp.
365
3
0.00123

Testudinella patina
460
3
0.00106

Monostyla sp.
405
3
0.00102

Notholca acuminata
421
8
0.00099

Euchlanis meneta
355
5
0.00088

Lecane mucronata
389
4
0.00083

Encentrum sp. 
345
5
0.00075

Monostyla stenroosi
412
2
0.00068

Pompholyx sulcata
445
1
0.00061

Lophocaris salpina
400
4
0.00057

Lecane ungulata
391
2
0.00053

Notholca labis
418
2
0.00050

Lepadella acuminata
399
2
0.00049

Testudinella parva
461
1
0.00047

Stephanoceros fimbriatus
448
4
0.00032

Testudinella sp.
459
2
0.00030

Lecane flexilis
387
3
0.00026

Filinia terminalis
363
2
0.00020

Monostyla obtusa
413
2
0.00019

Lecane tudicola
390
2
0.00019

Trichocerca rattus
474
1
0.00016

Lecane sp.
385
2
0.00016

Euchlanis alata
351
1
0.00012

Macrotrachela sp.
481
1
0.00010

Keratella earlinae
378
1
0.00006

Monostyla cornuta
407
1
0.00005

Brachionus rubens
317
1
0.00004

Miscellaneous (mostly benthic) taxa

Species
Code
Count
Mean density

Ostracoda
503
128
0.07450

Nematoda
501
195
0.07277

Oligochaeta
502
123
0.04490

Chironomidae
508
81
0.02046

Hydra sp.
513
7
0.00599

Acarina
505
11
0.00495

Insect larva
518
7
0.00370

Gastropoda
520
4
0.00323

Tardigrada
504
20
0.00296

Dreissena adult
525
5
0.00166

Adult insect
517
4
0.00056

Diporeia sp.
509
17
0.00034

Ceratopogonidea sp.
506
2
0.00034

Diptera
510
12
0.00031

Fish larva
511
10
0.00025

Gastrotricha
519
1
0.00011

Trichoptera
516
1
0.00002

Dreissena veligers
500
79600
122.696

Table 7. Density of the major taxonomic groups in the Lake St. Clair zooplankton presented by season in 1972/73 and in 2000.

Taxonomic
1972/73
2000


group
Spring
Summer
Fall
Spring
Summer
Fall

Cladocera
10.4
41.2
16.2
9.5
5.0
6.6

Copepoda
53.0
74.4
32.4
19.0
21.1
13.4

Rotifera
171.1
235.2
248.7
21.3
24.7
15.4

Dreissena
0
0
0
170.7
168.3
13.8

Total
234.5
350.8
297.3
220.5
219.1
49.2

Table 9.  Zooplankton density in Lake St. Clair as individuals/L rank 

ordered by site for data from studies in 1972/73 and in 2000.

Site 72/73
1972/73
Site 2000
Dens 2000


6
546.78
6
478.88


9
465.12
9
260.76


8
447.67
7
255.96


7
360.74
8
196.23


5
230.35
1
181.76


4
228.68
11
138.11


11
225.59
3
135.40


3
175.87
5
134.51


12
46.70
10
123.72


1
25.84
12
88.97


10
18.92
2
88.15


2
13.07
4
58.76

Table 10: Density as mean ± SE number of individuals/liter in Lake St. Clair for the major zooplankton groups in the early 1970s and in 2000.  Data were separately processed for the two main regions of the lake: NW = northwest sites and SE = southeast sites.

Group
Lake
1970s
2000
Significance


region

Cladocera
NW
8.1 ± 3.4
3.6 ± 0.5
P = 0.22

Cladocera
SE
34.4 ± 4.1
10.0 ± 1.9
P = 0.002

Copepoda
NW
15.3 ± 6.4
8.7 ± 0.9
P = 0.33

Copepoda
SE
83.3 ± 12.0
31.6 ± 4.3
P = 0.007

Rotifera
NW
64.5 ± 14.0
10.5 ± 1.2
P = 0.003

Rotifera
SE
306.5 ± 35.0
36.8 ± 7.2
P = 0.001

Table 11.  Mean density as number of individuals/liter and relative density of the top 28 zooplankton taxa in Lake St. Clair from 2000 and from the studies of 1972/73 using data from Leach, 1973 and from Bricker et al., 1976.

Taxa 2000
Mean
Relative
Taxa 1972/73
Mean
Relative


density
density

density
density

Dreissena veliger
122.69
73.323
Keratella cochlearis
99.73
35.327

Nauplii
14.15
8.459
Polyarthra sp.
42.28
14.978

Polyarthra vulgaris
6.59
3.939
Nauplii
32.53
11.526

Bosmina longirostris
6.47
3.871
Collotheca sp.
16.71
5.920

Synchaeta sp.
4.64
2.774
Cyclops sp.
15.48
5.485

Cyclopoid copepodites
2.08
1.249
Bosmina longirostris
11.87
4.206

Keratella cochlearis
1.81
1.088
Kellicottia longispina
10.37
3.674

Calanoid copepodites
1.46
.877
Synchaeta sp.
10.12
3.585

Brachionus angularis
1.41
.843
Daphnia sp.
8.90
3.156

Ploesoma hudsoni
.94
.563
Diaptomus sp.
5.64
2.001

Polyarthra sp.
.82
.492
Ploesoma sp.
4.93
1.749

Ploesoma truncatum
.72
.433
Brachionus sp.
3.28
1.163

Gastropus stylifer
.59
.354
Trichocerca sp.
3.03
1.075

Brachionus budapestinensis
.37
.224
Keratella quadrata
2.38
.845

Kellicottia longispina
.29
.176
Asplanchna sp.
2.16
.766

Conochilus sp.
.29
.174
Filinia longiseta
1.52
.537

Polyarthra major
.28
.171
Trichocerca multicrinus
1.24
.443

Ascomorpha ovalis
.23
.141
Ascomorpha ovalis
1.20
.427

Keratella hiemalis
.21
.128
Brachionus angularis
1.15
.408

Monostyla lunaris
.20
.121
Synchaeta stylata
1.09
.387

Daphnia retrocurva
.19
.116
Conochiloides unicornis
.85
.304

Ploesoma sp.
.14
.089
Polyarthra vulgaris
.81
.290

Leptodiaptomus minutus
.12
.074
Notholca sp.
.50
.178

Asplanchna priodonta
.11
.067
Brachionus calyciflorus
.40
.142

Trichocerca multicrinus
.11
.067
Brachionus budapestinensis
.38
.135

Synchaeta stylata
.10
.064
Chydorus sphaericus
.35
.127

Bdelloidea
.10
.063
Ascomorpha sp.
.35
.126

Tropocyclops prasinus
.10
.062
Leptodora kindtii
.34
.121

Table 12.  Total zooplankton density (all dates) by site for Lake St. Clair in 2000, and the % of the density values that is Dreissena veligers.  LSC zooplankton density without veligers, and % change from the 1972/73 density is also given.

Site
Density
% Dreissena
Density 2000
Density
% change


2000
veligers
w/o veligers
1972/73


1
181.76
83
30.39
25.84
17.6

2
88.15
79
19.44
13.07
48.7

3
135.40
87
18.08
175.87
-89.7

4
58.76
45
22.20
228.68
-90.3

5
134.51
45
73.42
230.35
-68.1

6
478.88
86
69.43
546.78
-87.3

7
255.96
54
117.50
360.74
-67.4

8
196.23
71
57.05
447.67
-87.3

9
260.76
71
74.41
465.12
-84.0

10
123.72
83
19.90
18.92
5.2

11
138.11
83
22.34
225.59
-90.1

12
88.97
75
22.10
46.70
-52.7

Table 13.  Species found in the LSC 2000 study that had not been previously reported for Lake St. Clair followed by species previously reported for Lake St. Clair that were not found in LSC 2000.  Previous reports that list taxa largely to the species level are Winner et al., 1970; Leach, 1973; and Bricker et al., 1976.

Cladocera found in 2000, not listed previously. 
Scapholeberis sp.

Bythotrephes longimanus

Graptoleberis testudinar

Ophyroxus gracilis

Copepoda found in 2000, not listed previously.
Microcyclops varicans

Nitokra hibernica

Elaphoidella bidens

Bryocamptus minutus

Nitokra sp. – first record in Lake St. Clair; may be an exotic (the complex is under study)

Heterosphyllus nunni – first record of this exotic in Lake St. Clair

Rotifera found in 2000, not listed previously.
Bdelloidea
Filinia terminalis
Macrotrochela

Brachionus urceolaris
Gastropus hyptopus
Macrotrochela obtusa

Brachionus variabilis
Keratella hiemalis
Macrotrochela stenroosi

Conochilus hippocrepis
Lecane flexilis
Monostyla cornuta

Dicranophorus forcipatus
Lecane mucronata
Notholca labis

Dicranophorus mesotis
Lecane ohioensis
Notommata sp.

Encentrum sp.
Lecane tudicola
Scaridium longicaudum
Euchlanis alata
Lecane ungulata
Stephanoceros fimbriatus

Euchlanis calpidia
Lepadella acuminata
Testudinella parva

Euchlanis meneta
Lepadella ovalis
Trichocerca bicristata

Euchlanis parva 
Lophocharis salpina
Trichocerca rattus

Euchlanis pellucida
Macrochaetus sp.
Trichotria pocillum

Table 13 continued

Cladocera listed previously, not found in 2000.

Alona costata 
Chydorus latus

Alona intermedia 
Daphnia pulex

Alona quadrangularis 
Eubosmina coregoni

Alonella hamulatus
Leydigia quadrangularis

Alonella rostrata
Moina affinis

Anchistropus minor
Moina brachiatus

Ceriodaphnia quadrangula
Moina micrura

Copepoda listed previously, not found in 2000.

Skistodiaptomus oregonensis

Skistodiaptomus pallidus

Bryocamptus zschokkei

Maraenobiotus sp.

Rotifera listed previously, not found in 2000.

Anuraeopsis fissa 
Euchlanis oropha
Trichocerca longiseta

Asplanchna herricki 
Hexarthra mira 
Trichocerca rousseleti

Brachionus havanaensis 
Monommata sp. 
Trichocerca similus

Brachionus quadridentatus 
Notholca foliacea 
Trichocerca stylata

Colurella obtusa
Polyarthra euryptera 
Tylotrocha monopus

Conochiloides dossaurius
Polyarthra remata 
Vanoyella globosa

Euchlanis deflexa 
Synchaeta kitina

Euchlanis triquetra 
Trichocerca capucina
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