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Summary	  

The benthic macroinvertebrate community of Lake Ontario continues to change in 

nearshore and offshore areas.  In 2008, Diporeia is very rare throughout the lake at all 

depths. There were only four of 52 locations where the densities were greater than100 m-2. 

The maximum density of Diporeia in 1994 and 2008 was13,280 m-2 and 248 m-2, 

respectively.  Dreissena continues to be an important member of the benthic 

macroinvertebrate community.  Dreissena is more abundant in deeper waters (greater than 

90 m) in 2008 compared to 2003 but lake-wide density appears to be declining in 

sediments less than 90 meters between 2003 and 2008. Fingernail clams (Sphaeriidae) are 

less abundant between 1994 and 2008 while worms (Oligochaeta), and midge larva 

(Chironomidae) densities remain constant. 
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Overview	  and	  Objectives	  

 
The benthic macroinvertebrate community of Lake Ontario is currently undergoing 

changes in nearshore and offshore areas.  Prior to the introduction and spread of two 

dreissenid species, Dreissena polymorpha and D. r. bugensis, Diporeia was the dominant 

benthic organism in deeper waters (greater than 20m) of Lake Ontario.   Historically, the 

benthic community of Lake Ontario was dominated by an amphipod (Diporeia spp.), 

which together with fingernail clams (Sphaeriidae), worms (Oligochaeta), and midge larva 

(Chironomidae), were the main components of the cold-stenotherm macrobenthic 

community occupying most of the deeper waters of all the Great Lakes (Cook and 

Johnson, 1974).  These organisms are primarily detritivorous, dependant on surface 

production (particularly diatom blooms) sinking to the profundal areas.  These attributes 

made these organisms well adapted to living in the cold, deep waters of the Great Lakes. 

However, the benthic macroinvertebrate community in Lake Ontario has undergone 

dramatic changes over the past 20 years,.  Two dreissenid mussel species, zebra 

(Dreissena polymorpha) and quagga (D. rostiformis bugensis),were introduced in the 

1980’s via ballast water exchange by commercial shipping.  These non-native mussels are 

particularly efficient grazers of phytoplankton and may completely cover the bottom 

substrate. Both US and Canadian lake-wide studies have documented the rapid spread of 

both D. polymorpha and D. r. bugensis in shallow (0-30 m) habitats along the entire 

southern coast of Lake Ontario by 1995 (Lozano et al. 2001, Dermott and Geminiuc 

2003). Between 1992 and 1995, an increase in the biomass of both species was observed, 

although the increase of D. r. bugensis was greater, and soon D. r. bugensis replaced D. 
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polymorpha. From 1990 to 1995, D. polymorpha was the dominant species, found most 

often in shallow waters less than 30 m, especially on rocky substrates (Lozano et al. 2001, 

Dermott and Geminiuc 2003).  After 1995, D. r. bugensis displaced D. polymorpha, 

occupying all types of substrates in the nearshore and offshore waters of Lake Ontario 

(Watkins et al. 2007).   

The replacement of D. polymorpha by D. r. bugensis is due to a number of factors.  

D. r. bugensis has a higher assimilation efficiency (Baldwin et al. 2002), a lower 

respiration rate (Roe and MacIsacc 1997), and higher filtering rates during the warmer 

months (Diggins 2001).  D. r. bugensis also have a competitive advantage in soft 

sediments due to their longer siphons and longer byssal threads compared to  D. 

polymorpha, which are used to attach to objects in deeper waters of Lake Ontario (Nalepa 

et al. 2009a).  Both species produce pseudofeces.  Large amounts of pseudofeces have the 

potential to remove nutrients from the system by the filtering activity of large volumes of 

the mussels.  Overall, the capacity to occupy multitude of habitats, filter large volumes of 

water, assimilate large quantities of algae, and deposit large amounts of pseudofeces are 

attributes that make these invasive species so destructive (Nalepa et al. 2010). 

The mussel population has expanded rapidly in Lake Ontario.  Watkins et al. 

(2007) documented the distribution pattern of dreissenids from 1990 to 2003 in Lake 

Ontario and found that they have extended their distribution from 38 m in 1995 to 174 m 

in 2003 and reached densities averaging 8,000 m-2 at all sites less than 90 m.  During the 

same period, Diporeia populations have almost disappeared at depths less than 90 m.  At 

depths between 31-90 m, average densities of Diporeia have declined from1,380 m-2 to 63 

m-2 from 1997 to 2003 respectively.  At deeper sites (greater than 90 m), average densities 
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have declined from 2,182 m-2 to 545 m-2 between 1999 and 2003 respectively, which 

indicates that the deeper waters of Lake Ontario are no longer a refuge for the amphipod. 

The lake-wide replacement of Diporeia by dreissenids has also been documented for Lake 

Michigan (Nalepa et al. 2009a) and Lake Huron (Nalepa et al. 2009b).  There are several 

hypotheses on the actual cause of the decline of Diporeia in the Great Lakes but none of 

the hypotheses have been substantiated.   The leading ideas are competition for food 

(Nalepa et al. 2006) or a lethal response to a toxin/pathogen from pseudofeces (Nalepa et 

al. 2010, Nalepa et al. 2009a, Dermott et al. 2005).  Watkins et al. (2007) also suggested 

that the decline of Diporeia in deeper waters was due to a toxin/pathogen associated with 

the downslope transport of pseudofeces or the potential for food limitation via indirect 

effects of shallow dreissenids intercepting food before reaching deep Diporeia.  It has 

been demonstrated that Dreissena filter large volumes of water and are able to clear large 

areas of algae in shallow water habitats (Millard et al. 2003).  The expansion of D. r. 

bugensis into deeper water has led to interception of food for Diporeia and possible 

fingernail clams.  Vanderploeg et al. 2010 has postulated that the effect of mussels on 

filtering impacts the movement of phosphorus and carbon from nearshore to offshore 

waters of the Great Lakes.  There is also evidence that survival of Diporeia is impacted 

when exposed to Dreissena pseudofeces (Dermott et al. 2005). 

The objective of this project is to document the results of the LOLA 2008/2009 

Lake Ontario benthic invertebrate survey for five major taxonomic groups in Lake 

Ontario. I will summarize the current status of the lake-wide replacement of a native 

species, (Diporeia), by invasive mussels (D. polymorpha and D. r. bugensis) from 1994 to 
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2008.   I will also compare results from the LOLA 2008/2009 Lake Ontario benthic 

invertebrate survey with earlier EPA EMAP and LOLA studies.    

	  Methods	  
 
SAMPLING COLLECTION AND PROCESSING 

The 2008/2009 data were collected using the Environment Canada’s long-term 

monitoring plan for Lake Ontario.  Samples were collected at sites located along  multiple 

north-south transects of the binational Lake Ontario Lower Aquatic Foodweb Study 

(LOLA) (Figure 1).  Due to weather and time constraints, there were three cruises on Lake 

Ontario to collect benthic macroinvertebrates for the 2008/2009 LOLA Study. The first 

cruise occurred during the week of August 18 to 21, 2008 on the CCGS Limnos and 

visited 46 sites.  Two sites were too rocky to execute Ponar grabs, so we only were able to 

collect sediments at 44 sites.  An additional 3 sites were visited in September 2008 on the 

CCGS Limnos, and 4 sites were visited in September 2009 on the R/V Lake Guardian.  

Sampling depths ranged from 11 to 214 m.  To account for the heterogeneity of benthic 

habitats, stations locations were classified into two habitat types, i.e. sample depth and 

lake basin type.  

At each site, three samples were taken with a Ponar grab (area = 0.048 m2). The 

samples were pooled into a single sample, placed in an elutriation device, and washed 

through a nylon sleeve with a 500-um opening (Lozano 2001).  The residue retained was 

preserved in 5% formalin containing rose Bengal stain.  In the laboratory, organisms were 

removed from samples under a dissecting microscope and identified into major taxonomic 

groups.  Further identification of organisms will be completed in the late summer of 2011. 
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DATA ANALYSIS 
Counts for each taxonomic group were converted to numbers of individuals per m2. 

Results were also summarized by depth interval and basin type.  Depth intervals were 11-

30 m, 31-90 m, and greater than 90 m, which are similar to those used by Watkins et al. 

2007.  As noted by Watkins et al. 2007, these depth intervals represent nearshore, slope, 

and profundal benthic habitats of Lake Ontario (Nalepa 1991, Lozano et al. 2001).  Depth 

zones also correspond to habitat types (Figure 1) as described by Thomas et al. (1972).  In 

general, the shallow depth interval is characterized by undifferentiated glacial till and 

bedrock.  The intermediate depth interval is more heterogeneous, consisting of glacial till, 

glacio-lacustrine clay, silt, and sand.  Mud characterizes the deeper depth interval except 

for two ridges (glacio-lacustrine clay) that divide Lake Ontario into three basins.  Thomas 

et al. (1972) defined the major basins of Lake Ontario based on depth and sediment type. 

Distributional maps of Diporeia and Dreissena were created with Sufer 9.0 

(Golden Software) for the years between 1994 and 2008.   Statistical differences between 

2003 and 2008/2009 were tested using a one-way ANOVA with year as main effect and 

depth a covariate term.   To test for differences between means for Diporeia, Dreissena, 

Oligochaeta, Sphaeriidae, and Chironomidae in 2008, a one-way ANOVA was used 

assuming that basin type was the main effect and sample depth was treated as a covariant 

term.  Significant differences were then evaluated by post-hoc multiple range tests 

(Tukey’s HSD). In all statistical analyses, statements of significance are at an error level 

of α < 0.05. To account for the heteroscedasticity of benthic abundance estimates, a 

natural logarithmic transformation (loge(abundance+1)) was used for all statistical tests.   

Lake-wide averages were calculated by first separating samples into three depth intervals 

and then calculating a weighted mean based on percent of water surface area for each 
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depth interval.  Water surface area was used as a proxy for sediment surface area.  It must 

be noted that an arithmetic means was used which allowed comparisons with results from 

other studies.   

In addition to abundance, dry-weight biomass of Diporeia, Dreissena, 

Oligochaeta, Sphaeriidae, and Chironomidae were derived from average weights found in 

the literature for Great Lakes macroinvertebrates (Nalepa et al. 1998, Nalepa personal 

communication).  To arrive at lake-wide averages, arithmetic average densities from 

different depth intervals were multiplied by average biomass.  Arithmetic means were 

used for biomass calculations to allow comparisons with other Great Lakes.  Average 

biomass for Diporeia (0.73 mg), Dreissena (3.4 mg), Oligochaeta (0.09 mg), Sphaeriidae 

(0.23 mg), and Chironomidae (0.64 mg) were used to convert densities to biomass.  

Biomass for each depth interval was multiplied by the proportion of the area within the 

depth interval and then summed to arrive at a weighted average, i.e.: 

LWA = Σ(Bi * Pi)  

where LWA = lake-wide average, Bi equals biomass for depth-intervali, Pi equals the 

proportion of surface area within depth-intervali and SA equals surface area of Lake 

Ontario.   To calculate total lake biomass in metric tons (MT), LWA was multiplied by 

total surface area of Lake Ontario knowing that g m-2 equal MT km-2 
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Results	  

2008/2009 LOLA  
All values of densities of Diporeia, Dreissena, oligochaetes, sphaeriids, and 

chironomids are presented for each station in Appendix A, organized by three basins and 

three depth intervals for the 2008/2009 Lake Ontario survey.  It should be noted that the 

genus name Dreissena is used interchangeably with quagga mussels (D. r. bugensis) in the 

results section of this report since 99% of the mussels belonged to this species. The 

geometric mean and ±	  2	  standard errors of the mean for Diporeia, Dreissena, 

oligochaetes, sphaeriids, and chironomids are shown for three basin types and three depth 

intervals in Table 1.   Densities are grouped by basin (west, central, and east) and depth 

intervals (less than 30 m, 31 to 90 m, and greater than 90 m).  The surface area of each 

basin and number of stations within each basin and depth interval are also shown.  The 

means for the five important taxa range from 0 m-2 (Diporeia and sphaeriids) to 6,822 m-2 

(Dreissena).  Dreissena were most abundant at depths between 31-90 m, with geometric 

means of 3,596 m-2, 6,822 m-2, and 4,435 m-2 in the west, central, and east basin 

respectively.  Dreissena were not very abundant at depths greater than 90 meters with an 

average of 24 m-2.  Oligochaeta was the second most abundant taxa in 2008/2009.  

Densities were greatest in the western basin and least in the central basin but overall 

densities were less variable than Dreissena numbers.  The geometric means of 

Oligochaeta ranged from 135 m-2 to 2,824 m-2.   As with Dreissena, Oligochaeta were least 

abundant in the deepest depth interval with an average of 144 m-2.  The two taxa, 

dreissenids and Oligochaeta, comprised 94% of all macroinvertebrates collected in 

2008/2009.  Only 0.5% of all organisms collected in 2008/2009 were Diporeia (Table 1). 
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The results from the ANOVA on transformed data (log10 (D+1)) to test for basin 

and depth effect are shown in Table 2.  Transformed mean densities were significantly 

different for either the main effect (basin) and/or the covariate (depth) for all taxa except 

Diporeia (Table 2).  Overall, depth was the most important factor for determining 

abundance of macroinvertebrates in Lake Ontario.   As partially discussed above, 

dreissenids were most abundant at depths between 31-90 m.  Oligochaeta and 

Chironomidae were least abundant at depths greater than 90 m, while Sphaeriidae was 

most abundant at depths greater than 90 m.   

The lack of environmental influence (basin and depth) on Diporeia is not 

surprising considering the small number of Diporeia collected in 2008/2009.  At 46 of 51 

stations, less than 50 m-2 Diporeia were collected (i.e. 7 organisms or less in three Ponar 

grabs).  At 37 stations, no Diporeia were collected in three Ponar grab samples.  The 

greatest numbers of Diporeia were collected at two stations in deeper waters in the 

western basin (228 m-2 or 33 organisms in three Ponar grabs at 94 m) and in the eastern 

basin (248 m-2 or 36 organisms in three Ponar at 170 m).   

The distribution patterns of major taxonomic groups within Lake Ontario in 

2008/2009 were variable (Figure 2, Panels A,B,C,D,&E).  Dreissena were most abundant 

in shallow waters (Figure 2, Panels A) along the northern shoreline (13 of 16 sites greater 

than 1,200 m-2) and at a few locations along the southern coast (i.e. four of eleven sites 

greater than 1,200 m-2). At one site near Oswego, NY, the greatest number of Dreissena 

were collected in 2008/2009 (18,879 m-2) in the eastern basin at a depth of 67 meters.  At 

depths less than 90 m, Dreissena were present at 29 of 32 locations.  At depths greater 

than 90 m, the reverse was true, i.e. Dreissena were present at 10 of 19 sites in deeper 
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waters in 2008/2009.  At three locations at depths greater than 90 meters, Dreissena 

densities were greater than 500 m-2.   Oligochaeta and Chironomidae were found most 

often at depths less than 90 m.  Oligochaeta density was greater than 500 m-2 at 29 of 31 

locations at depths less than 90 meters while Oligochaeta density was greater than 500 m-2 

at only 3 of 19 locations in depths greater than 90 m (Figure 2, Panels B).  Many of the 

locations with higher densities are located near cities or harbors.  Oligochaete worms were 

also the most ubiquitous organisms in Lake Ontario and were present in 50 of 51 sites in 

all types of sediments and at all depths.  There were 1000+ m-2 oligochaetes at 33% of the 

sampling sites and the maximum density of 4,271 m-2 was found in the western basin at a 

depth of 11 meters (Figure 2, Panel B).  Chironomid abundance exceeded 200 m-2 at 11 of 

32 locations at depths less than 90 meters and exceeded 200 m-2 at 3 of 19 locations at 

depths greater than 90 meters (Figure 2, Panel C). The majority of locations with high 

densities of chironomids were located near Toronto, ON, Hamilton, ON, and Cobourg, 

ON.  Fingernail clams and Diporeia were the least abundant major taxa collected in Lake 

Ontario in 2008 and 2009.   The distribution patterns of Sphaeriidae and Diporeia were 

not very complex (Figure 2, Panel D & E).  For Sphaeriidae, there were 7 of 51 locations 

where densities were greater than 100 m-2. There are large portions of Lake Ontario where 

snails or amphipods are no longer found.  Diporeia were collected in 4 of 51 locations 

with densities greater than 100 m-2.  The maximum density of 228 m-2 was found in the 

western basin at a depth of 98 meters.  

Based on a whole lake, depth weighted mean, the most abundant organism in our 

survey was Dreissena, comprising 70% of all organisms collected in 2008/2009.  The next 

most abundant organisms were oligochaetes, comprising 24% of all benthic organisms 
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collected.  There was considerable variability in number of organisms collected within 

each depth interval.  The largest number of organisms (72% of total) was collected in the 

31-90 m depth interval.  At depths less than 30 m, 16% of all organisms were collected.  

Only 11% of benthic organisms were collected at depths greater than 90 m.   Even if 

Dreissena were excluded, the pattern for percent total abundance (37%, 48%, and 15%) 

remains similar to the results described above for depth intervals of the less than 30, 31-

90, and greater than 90 m, respectively.  Overall, over 88% of the benthic organisms were 

collected at depths less than 90 meters.   

DIPOREIA AND DREISSENA TRENDS (1994-2008)  
For statistical comparisons of depth and location for different taxonomic groups in 

2008, a natural logarithmic transformation was used on densities.  For discussions of 

changes over time and between different lakes, the arithmetic mean was calculated.  Using 

the arithmetic mean allowed comparisons with other studies in the Great Lakes.  The 

densities of Diporeia and Dreissena from 1994 to 2008 are summarized on Figure 3.  The 

scale for Diporeia in 2008 has been modified because of the low number of amphipods 

collected in 2008/2009.  For Diporeia, the situation is dire.  Watkins et al. 2007 provides 

detailed information on how the lake-wide populations of Diporeia have declined within 

the three depth intervals between 1972 and 2003.  In Watkins et al. 2007, they used the 

arithmetic mean.   In 2008, the lake-wide average densities are 1 m-2, 7 m-2, and 38 m-2 

within the 0-30 m, 31-90 m, and greater than 90 m depth interval respectively.  These 

densities are less than an order of magnitude compared to results from the 2003 LOLA 

survey when densities of Diporeia were 0 m-2, 63 m-2, and 545 m-2 within the 0-30 m, 31-

90 m, and greater than 90 m depth interval respectively.   
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In contrast to the declining numbers of Diporeia, Dreissena abundance is still very 

high.  In 2008, the lake-wide average densities are 723 m-2, 6,7118 m-2, and 646 m-2 within 

the 0-30 m, 31-90 m, and greater than 90 m depth interval respectively. These densities 

are comparable to results from 2003 LOLA survey when densities of Dreissena were 

6,535 m-2, 8,358 m-2, and 427 m-2 within the 0-30 m, 31-90 m, and greater than 90 m depth 

interval respectively.  There are indications that the lake-wide densities may have declined 

between 2003 and 2008 in the shallower depth intervals. 

The results from the one-way ANOVA for testing the differences in abundance 

between 2003 and 2008/2009 for Diporeia and Dreissena are shown in Table 3.   As 

indicated above, the population numbers for Diporeia are significantly lower in 2008 at all 

depths.  There was not a significant difference in population numbers for Dreissena 

between 2003 and 2008/2009 although lake-wide estimates of density were lower, i.e. 

3,971 m-2 and 2,451 m-2 in 2003 and 2008/2009 respectively.   

BIOMASS TRENDS (1994-2008) 
 The average biomass was calculated for of Diporeia, Dreissena, oligochaetes, 

sphaeriids, and chironomids for each year between 1994 and 2008.  Biomass was not 

calculated for Dreissena in 1994 since the mussels were not saved for that year.  In 2003, 

biomass of oligochaetes, sphaeriids, and chironomids were estimated from a sub-set of 

samples collected that year.  In 2003, six stations were used to estimate total benthic 

community composition.  The biomass estimates of the five taxa are summarized on Table 

4.  From these data, average lake-wide biomass (ALB) estimates were derived.   The large 

biomass of Dreissena only emphasizes the relative importance of these taxa within the 

benthic macroinvertebrate community of Lake Ontario.  The loss of Diporeia biomass was 

rapid, i.e. 3 to 4 years within a depth interval.   
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 The trends in biomass for the five taxa are shown on Figure 4.  There are several 

patterns that emerge from these data.  One very important trend is that Dreissena ALB 

increased between 1997 and 2003 and then declined in 2008. Dreissena ALB increased 

from 2.9 g m-2 to 13.8 g m-2 between 1997 and 2003.  In 2008, ALB declined to 7.4 g m-2,  

a 45% loss in ALB.  Dreissena biomass was 70%, 84%, and 98% of the total 

macroinvertebrate biomass in 1997, 1999, and 2008 respectively.    In 1994 and 1997, 

Diporeia ALB was 90% and 27% of the total ALB respectively.   However, ALB for 

Diporeia and Sphaeriidae declined between 1994 and 2008.  Over this time period, 

Diporeia ALB declined from 3.1 g m-2 to 0.01 m-2 and Sphaeriidae ALB declined from 

0.10 g m-2 to 0.01 g m-2.  This represents 99.9% and 90% loss for Diporeia and sphaeriids 

respectively.   There was no apparent trend in ALB for oligochaetes and chironomids 

between 1994 and 2008.   The biomass of worms, midge larva, and fingernail clams was 

not a significant portion of the total ALB.  In 1994, the three taxa composed 7% of the 

total ALB and 1% in 2008 in Lake Ontario. 
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Discussion	  

The benthic macroinvertebrate community of Lake Ontario has undergone a major 

transformation between 1994 and 2008.  It continues to follow the pattern of decline for 

susceptible macroinvertebrate taxa and of an increased distribution of Dreissena r. 

bugensis into deeper waters from the early 1990’s to 2008.  The status of Diporeia is no 

longer precarious as suggested by Watkins et al. (2007).  There is no apparent spatial 

distribution pattern for Diporeia, i.e. there are only a very few locations where Diporeia 

were collected.  The densities are very low compared to earlier years.  In fact, these 

comparisons are difficult to make due to the small number of organisms collected in 

2008/2009.  Between 1997 and 2003, the abundance of Diporeia declined most rapidly 

from the eastern basin of Lake Ontario and then from near-shore areas after 1999 (Figure 

3).  Lake-wide mean densities of Diporeia at depths greater than 30 m were 4,715 m-2, 806 

m-2, and 403 m-2 in 1994, 1998, and 2003 respectively.   In  2008, Diporeia was virtually 

absent from all of Lake Ontario, with a mean of 24 m-2 at depths greater than 30 meters.  

This represents only one individual organism per Ponar grab samples at each station.  In 

1994, it was common to collect 300 m-2 or more Diporeia in each Ponar grab sample.  

Unless the population densities of Dreissena decline rapidly after 2008, there is little hope 

that Diporeia will recover soon in Lake Ontario.  Currently, there are no population 

models that can be used to predict how Diporeia population ecology will change if 

dreissenid mussels begin to decline.   In general, the decline of Diporeia in Lake Ontario 

is similar but much more severe compared to declines in Lake Michigan and Lake Huron 

(Nalepa et al. 2009, Nalepa et al. 2007).  Lake wide densities of Diporeia declined from 

5,360 m-2 to 330 m-2 between 1994/1995 and 2005 in Lake Michigan (Nalepa et al. 
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2009a).   Lake wide densities of Diporeia declined from 3,350 m-2 to 700 m-2 between 

1972 and 2003 in Lake Huron (Nalepa et al. 2007).  These values compare to lake-wide 

averages of 347 m-2 and 24 m-2 between 2003 and 2008 in Lake Ontario.  

Dreissena continue to expand in Lake Ontario, especially in deeper waters 

between 2003 and 2008 (Figure 2, Panel A).  At depths greater than 90 m, Dreissena were 

collected at 7%, 15%, 29%, 43%, and 53% of the stations in 1997, 1998, 1999, 2003, and 

2008 respectively.  Average abundance at depths greater than 90 m were 0.4 m-2, 3 m-2, 35 

m-2, 427 m-2, and 660 m-2 in 1997, 1998, 1999, 2003, and 2008 respectively.   However, 

lake-wide average Dreissena densities in 2008 were lower than in 2003, a trend found in 

other lakes.  Tom Nalepa (personal communication) has found that the lake-wide densities 

of Dreissena in Lake Michigan have declined each year between 2008 and 2010.  The 

implications of these trends are undoubtedly important and will have an influence on the 

whole biogeochemical system of the Great Lakes.  Hecky et al. (2004) and Vanderploeg et 

al. (2010) have postulated that dreissenid mussels have re-engineered the ecosystems of 

Lakes Michigan, Huron, and Ontario by redirecting nutrients and energy flow in both the 

nearshore and offshore waters of the Great Lakes.  Calcium concentrations in offshore 

waters of Lake Ontario have decreased by 4 to 5 mg L.1 that coincides with a three fold 

reduction in August turbidity values (Barbiero et al. 2006).  This reduction in calcium 

coincides with dreissenid growth.   The long-term trend in total phosphorus is declining in 

Lake Ontario (Dove 2009).  It is reported that the decline in nutrients is due to the filtering 

acting of dreissenid mussels and that concentrations of major ions such as calcium are 

incorporated in mussel shell (Dove 2009).   



16 
 

The role of Dreissena in the Great Lakes food web is not fully understood.  Nalepa 

et al. (2009) has suggested that Dreissena are a major energy sink Lake Michigan.  He 

estimated that the total energy pool increased 20-fold between 1994/1995 and 2007, i.e. 

16.8 kcal m-2 (Diporeia biomass) to 342 kcal m-2 (Dreissena biomass).  Nalepa et al. 

(2009a) hypothesize that most of the energy will not be used by upper trophic levels.  By 

contrast, Madenjian et al. (2010) used population modeling results to suggest that 

Dreissena are an important food item for lake whitefish (Coregonus clupeaformis) in Lake 

Huron.   In Lake Michigan, Madenjian et al. (2010) estimated that lake whitefish ate ~100 

kt wet weight (tissue and shell) of Dreissena (1,000 kg = 1 mt and 1,000 mt = 1 kt).  Using 

data from Nalepa et al. (2009a), I estimated the total wet weight of Dreissena in Lake 

Michigan to be 72,000 kt in 2005.  This suggests that lake whitefish consume 0.14% of the 

total population of Dreissena in Lake Michigan.  In the same way, I used data from 

Nalepa et al. (2007) to estimate the total wet weight of Dreissena in Lake Huron, which is 

5,800 kt in 2003. (It should be noted that Dreissena are not as abundant in Lake Huron 

compared to Lakes Michigan and Ontario.)  Madenjian et al. (2010) estimated that lake 

whitefish ate approximately800 kt wet weight (tissue and shell) of Dreissena in 2004. This 

suggests that lake whitefish consume 13.8% of the total population of Dreissena in Lake 

Huron.  In Lake Ontario, the total wet weight of Dreissena is calculated to be 5,720 kt.  

Based on the modeling work of Madenjian et al. (2010), lake whitefish may consume 

between 8 to 790 kt of Dreissena in Lake Ontario. 

Dreissena have the capacity to filter large volumes of water.  Vanderploeg et al. 

(2010) determined the clearance rates of Dreissena r. bugensis using seston and a high-

quality algal food at temperatures from 1-7 °C.  These temperatures are the full 
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temperature range that Dreissena r. bugensis would experience during the isothermal 

conditions of deep lakes.  Using measurements of dreissenid biomass from 2008 at 

different depth intervals, Vanderploeg et al. (2010) estimated the fraction of the water 

column cleared per day in each depth interval in Lake Michigan.  The fraction of water 

cleared by Dreissena in Lake Ontario is reported for four depth intervals (Figure 5).  

Maximum clearance rates for Dreissena in Lake Michigan were 30% in the 30-50 m depth 

interval in 2008.  Lake Michigan clearance rates in 2008 were 5%, 30%, 6% and 1% per 

day at the depth intervals of <30 m, 31-50 m, 51-90 m, and >90 m respectively.  The 

maximum clearance rate for Dreissena (25%) in Lake Ontario occurred in 2003 in the 31-

50 m depth interval.   In 2008, the clearance rate were 5%, 8%, 7% and 0% per day at the 

depth intervals of <30 m, 31-50 m, 51-90 m, and >90 m respectively.   The significance of 

these findings is that Dreissena is capable of filtering up to 25% of the 31-50 m interval 

water column in 2003 and between 5% and 8% at depths from 10 to 90 meters in 2008.   

In conclusion, the benthic macroinvertebrate community of Lake Ontario 

continues to be changing in nearshore and offshore areas.  Diporeia is very rare 

throughout the lake at all depths.  There were only four locations with densities greater 

than100 m-2.  Dreissena is more abundant in deeper waters (greater than 90 m) but 

abundance appears to be declining in sediments less than 90 meters.  This trend has been 

found in Lake Michigan (Nalepa personal communication).  Sphaeriids Fingernail clams 

(Sphaeriidae) are less abundant between 1994 and 2008 while worms (Oligochaeta), and 

midge larva (Chironomidae) densities remain constant.  It is estimated that dreissenids 

filter 5% to 8% of the water per day at depths between 0 and 90 meters.  It is estimated 

that the total biomass of dreissenids is be 5,720 kt. 
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Table	  1.	  Geometric	  mean	  (#/m2)	  ±	  2	  standard	  errors	  for	  five	  taxa	  collected	  in	  2008-‐2009	  in	  Lake	  Ontario.	  	  Data	  are	  grouped	  by	  three	  basin	  types	  and	  three	  
depth	  intervals.	  
	  

West	  
Basin	   N 

Surface 
Area-km2  Diporeia  Dreissena   Oligochaeta    Chironomidae  Sphaeriidae 

10-‐30	  m	   4 969  1	   	   (0-4)  255	   	    (242-269)  2,824	   	    (2821-2826)  114	   	    (111-117)  0	    (0-2) 

31-‐90	  m	   6 1,396  3	   	   (0-7)  3,596	   	    (3593-3600)  1,255	   	    (1253-1257)  371	   	    (368-373)  3	    (0-6) 

>	  90	  m	   6 2,229  12	   	   (6-17)  9	   	    (1-17)  253	   	    (249-256)  82	   	    (77-88)  16	    (10-21) 

	      	   	     	   	     	   	     	   	     	    

West	  
Basin	   N 

Surface 
Area-km2  Diporeia  Dreissena   Oligochaeta    Chironomidae  Sphaeriidae 

10-‐30	  m	   6 969  0	   	   (0-4)  231	   	   	  (226-‐236)	    699	   	    (695-702)  44	   	    (39-49)  3	    (0-8) 

31-‐90	  m	   3 1,396  0	   	   (0-7)  6,822	   	   	  (6820-‐6825)	   697	   	    (695-699)  227	   	    (222-231)  0	    (0-2) 

>	  90	  m	   7 2,229  2	   	   (6-17)  15	   	   	  (8-‐21)	    145	   	    (143-148)  4	   	    (0-8)  11	    (7-16) 

	      	   	     	   	     	   	     	   	     	    

West	  
Basin	   N 

Surface 
Area-km2  Diporeia  Dreissena   Oligochaeta    Chironomidae  Sphaeriidae 

10-‐30	  m	   3 969  0	   	   (0-4)  73	   	   	  (55-‐90)	    503	   	    (499-506)  88	   	   	  (83-‐94)	   2	    (0-8) 

31-‐90	  m	   10 1,396  1	   	   (0-7)  4,435	   	   	  (4432-‐4438)	   1,273	   	    (1270-1275)  13	   	    (8-17)  4	    (1-8) 

>	  90	  m	   6 2,229  2	   	   (6-17)  47	   	   	  (40-‐53)	    135	   	    (132-138)  1	   	    (-3-4)  26	    (21-31) 
                      
	  



 
 
Table	  2.	  	  Results	  of	  one-‐way	  ANOVA	  and	  Tukey's	  HSD	  test	  on	  the	  differences	  between	  densities	  of	  five	  taxa	  collected	  from	  Lake	  
Ontario,	  2008-‐2009.	  	  For	  the	  ANOVA,	  basin	  was	  considered	  the	  main	  effect	  and	  sample	  depth	  was	  a	  covariate	  term.	  	  Explanations	  
for	  differences	  in	  densities	  are	  displayed	  in	  the	  last	  column.	  
	  
	   	   F-ratio	   P	  value	   Explanation	  	  

Diporeia	   Basin	   1.1	   0.33	   	  	  
	   Depth	   1.4	   0.24	   	  	  
	   	   	   	   	   	   	  
Dreissenids	   Basin	   1.9	   0.16	   	  	  
	   Depth	   7.2**	   0.01	   Highest	  densities	  at	  depths	  31-‐90	  m	  	  
	   	   	   	   	   	   	  
Oligochaeta	   Basin	   1.1	   0.34	   	  	  
	   Depth	   21.2**	   0.00	   Lowest	  densities	  at	  depths	  >90	  m	  
	   	   	   	   	   	   	  
Chironomidae	   Basin	   11.6**	   0.00	   Greatest	  densities	  in	  western	  basin	  
	   Depth	   12.8**	   0.01	   Lowest	  densities	  at	  depths	  >90	  m	  
	   	   	   	   	   	   	  
Sphaeriidae	   Basin	   0.1	   0.9	   	  	  

	  

Depth	   3.5	   0.07	   (Not	  statistically	  significant	  but	  
densities	  were	  greater	  at	  depths	  >90	  
m)	  

	  



	  
 
Table	  3.	  	  Results	  of	  one-‐way	  ANOVA	  on	  the	  differences	  between	  densities	  of	  Diporeia	  and	  Dreissena	  	  collected	  from	  Lake	  Ontario,	  
in	  2003	  and	  2008-‐2009.	  	  For	  the	  ANOVA,	  collection	  year	  was	  considered	  the	  main	  effect	  and	  sample	  depth	  was	  a	  covariate	  term.	   
	  
	   	   F-ratio	   P	  value	   Explanation	  	  

Diporeia	   Year	   11.0**	   0.001	  
	  2003	  densities	  much	  greater	  
2008/2009	  

	   Depth	   27.4**	   0.000	  
	  Highest	  densities	  at	  depths	  greater	  
than	  90	  meters	  

	   	   	   	   	   	   	  
Dreissenids	   Year	   2.1	   0.154	   	  	  
	   Depth	   28.4**	   0.000	   Highest	  densities	  at	  depths	  31-‐90	  m	  	  
	   	   	   	   	   	   	  
 
	  
	  



	  
Table 4.  Biomass of five taxa was calculated from literature values and densities from 1994-2008.  These values were used to determine 
final lake-wide biomass estimates. 
 

  
Surface 

Area  Diporeia Dreissena Oligochaeta Chironomidae Sphaeriidae 
Year Depthcd km2  g/m2 g/m2 g/m2 g/m2 g/m2 

1994 10 to 30 996 4 0.06 0.00 0.43 0.16 0.05 
1994 31 to 90 1396 12 6.44 0.00 0.17 0.03 0.25 
1994 >90 2229 35 2.38 0.00 0.07 0.01 0.03 

         
1997 10 to 30 996 12 0.00 10.56 0.14 0.07 0.06 
1997 31 to 90 1396 28 1.42 2.11 0.10 0.07 0.13 
1997 >90 2229 28 1.47 0.00 0.03 0.03 0.03 

         
1998 10 to 30 996 25 0.00 23.29 0.16 0.20 0.06 
1998 31 to 90 1396 49 0.82 3.06 0.07 0.13 0.07 
1998 >90 2229 40 2.09 0.01 0.03 0.01 0.03 

         
1999 10 to 30 996 9 0.00 6.39 0.19 0.42 0.09 
1999 31 to 90 1396 30 0.45 14.60 0.11 0.07 0.05 
1999 >90 2229 28 1.61 0.12 0.05 0.03 0.02 

         
2003 10 to 30 996 12 0.00 21.83 0.01 0.01 0.05 
2003 31 to 90 1396 13 0.06 27.92 0.23 0.09 0.07 
2003 >90 2229 11 0.46 1.43 0.04 0.01 0.01 

         
2008 10 to 30 996 13 0.00 2.42 0.13 0.12 0.01 
2008 31 to 90 1396 19 0.01 19.25 0.10 0.19 0.00 
2008 >90 2229 19 0.03 2.20 0.02 0.05 0.02 

 



Figure 1. Sampling locations for Lake Ontario Lower Aquatic Foodweb Study benthic 
survey in 2008 and 2009 within depth contours of 30 m.	  	  Sediment classification was 
taken from Thomas et al. (1972). 
	  
 

 
 
 



 Figure 2.  Densities and distribution of Dreissena, Oligochaeta, Chironomidae, 
Sphaeriidae, and Diporeia in 2008/2009 are displayed with 90 meter depth contour in 
Lake Ontario. 
 
 
Panel A. 

 
 
 
Panel B. 



Figure 3. (Continued)  
 
Panel C. 

 
 
 
Panel D. 



Figure 3. (Continued) 
 
Panel E. 
 



Figure 4.  Contour maps of densities of Diporeia and Dreissena are displayed for the 
years between 1994 and 2008.  Contours of Diporeia density are scaled from 0 to 
10,000/m2 for 1994 to 2003 and from 0 to 1,000/m2 in 2008.  Dreissena are scaled from 0 
to 25,000/m2. 
	  

	  
	  



Figure 5.  Lake Ontario lake-wide averages (grams m-2) are displayed with confidence  
bars (±  2SE) for five taxa between 1994 and 2008.    
 
 

 
 



Figure 6  Biomass and fraction of water column cleared (FC) by Dreissena in different 
depth zones of Lake Ontario at 3 °C using biomass from 2008/2008 LOLA are reported 
for four depth intervals.  Water cleared is based on clearance rates based on feeding 
experiments using Cryptomonas.   
 

 

0	  

0.05	  

0.1	  

0.15	  

0.2	  

0.25	  

0.00	  
5.00	  
10.00	  
15.00	  
20.00	  
25.00	  
30.00	  
35.00	  

1997	   1998	   1999	   2003	   2008	  

W
at
er
	  C
le
ar
ed
	  

B
im
oa
ss
	  (
g)
	   10-30	  m	  

0	  

0.05	  

0.1	  

0.15	  

0.2	  

0.25	  

0.00	  
5.00	  
10.00	  
15.00	  
20.00	  
25.00	  
30.00	  
35.00	  

1997	   1998	   1999	   2003	   2008	  

W
at
er
	  C
le
ar
ed
	  

B
io
m
as
s	  
(g
)	   31-50	  m	  

0	  

0.05	  

0.1	  

0.15	  

0.2	  

0.25	  

0.00	  

5.00	  

10.00	  

15.00	  

20.00	  

25.00	  

30.00	  

35.00	  

1997	   1998	   1999	   2003	   2008	  

W
at
er
	  C
le
ar
ed
	  

B
io
m
as
s	  

51-90	  m	  

0	  

0.05	  

0.1	  

0.15	  

0.2	  

0.25	  

0.00	  

5.00	  

10.00	  

15.00	  

20.00	  

25.00	  

30.00	  

35.00	  

1997	   1998	   1999	   2003	   2008	  

W
at
er
	  C
le
ar
ed
	  

B
io
m
as
s	  
(g
)	   >	  90m	  



	  
Appendix	  A.	  	  Densities	  of	  major	  taxa	  organized	  by	  basin	  and	  depth.	  	  	  
	  

Year	   Depth	  Interval	   Station	   Basin	   Depth	   Dreissena	   Diporeia	   Oligochaeta	   Chironomidae	   Sphaeriidae	  
2008	   10-‐30	  m	   22	   West	   11	   0	   0	   4,419	   114	   0	  
2008	   	   3	   West	   24	   4,634	   7	   1,638	   79	   0	  
2008	   	   1318	   West	   26	   980	   0	   2,181	   329	   0	  
2008	   	  	   35	   West	   28	   951	   0	   4,040	   57	   0	  
2008	   51-‐90	  m	   9	   West	   58	   2,860	   7	   2,517	   872	   21	  
2008	   	   2	   West	   60	   8,667	   0	   908	   222	   14	  
2008	   	   1330	   West	   61	   11,556	   7	   2,060	   186	   0	  
2008	   	   6	   West	   62	   7,351	   0	   815	   715	   0	  
2008	   	   28	   West	   65	   3,054	   86	   1,001	   136	   0	  
2008	   	  	   16	   West	   66	   336	   0	   1,023	   737	   7	  
2008	   >90	  m	   14	   West	   98	   0	   236	   372	   744	   0	  
2008	   	   19	   West	   107	   0	   136	   522	   179	   29	  
2008	   	   24	   West	   120	   7	   0	   129	   250	   179	  
2008	   	   26	   West	   120	   21	   14	   50	   36	   14	  
2008	   	   34	   West	   136	   4,834	   0	   2,024	   272	   0	  
2008	   	  	   33	   West	   138	   0	   7	   100	   0	   265	  

	  	   	   	   	   	   	   	   	   	   	  	  
Year	   Depth	  Interval	   Station	   Basin	   Depth	   Dreissena	   Diporeia	   Oligochaeta	   Chironomidae	   Sphaeriidae	  
2008	   10-‐30	  m	   57	   Central	   13	   1,545	   0	   1,259	   86	   14	  
2008	   	   37	   Central	   19	   343	   0	   629	   14	   0	  
2008	   	   43	   Central	   19	   36	   7	   1,945	   64	   0	  
2008	   	   31	   Central	   20	   1,266	   0	   50	   0	   0	  
2009	   	   38	   Central	   20	   7	   0	   930	   93	   0	  
2008	   	  	   91	   Central	   22	   779	   0	   1,595	   1,001	   322	  
2008	   51-‐90	  m	   42	   Central	   65	   7,780	   0	   765	   865	   0	  
2008	   	   32	   Central	   78	   6,622	   0	   765	   207	   0	  
2008	   	  	   45	   Central	   80	   6,150	   0	   579	   64	   0	  
2008	   >90	  m	   101	   Central	   120	   0	   107	   86	   21	   0	  
2008	   	   52	   Central	   125	   2,989	   0	   343	   29	   86	  
2008	   	   41	   Central	   128	   0	   50	   72	   14	   7	  
2009	   	   102	   Central	   130	   0	   0	   93	   0	   14	  
2008	   	   36	   Central	   140	   79	   0	   164	   7	   21	  
2008	   	   39	   Central	   154	   114	   0	   243	   0	   193	  
2008	   	  	   40	   Central	   190	   7	   0	   172	   0	   0	  



	  	   	   	   	   	   	   	   	   	   	  	  
Year	   Depth	  Interval	   Station	   Basin	   Depth	   Dreissena	   Diporeia	   Oligochaeta	   Chironomidae	   Sphaeriidae	  
2008	   10-‐30	  m	   80	   East	   19	   837	   0	   186	   722	   0	  
2008	   	   82	   East	   27	   479	   0	   687	   21	   0	  
2008	   	  	   77	   East	   29	   0	   0	   994	   43	   29	  
2008	   51-‐90	  m	   75	   East	   32	   2,503	   21	   951	   86	   21	  
2009	   	   106	   East	   33	   5,363	   0	   2,296	   7	   0	  
2008	   	   84	   East	   37	   9,582	   14	   2,331	   0	   7	  
2008	   	   73	   East	   40	   286	   0	   2,017	   558	   0	  
2008	   	   61	   East	   54	   7,351	   0	   1,073	   236	   0	  
2008	   	   94	   East	   54	   8,925	   0	   1,302	   50	   0	  
2008	   	   74	   East	   69	   3,311	   0	   1,137	   50	   107	  
2008	   	   67	   East	   71	   18,879	   0	   2,446	   0	   0	  
2008	   	   107	   East	   84	   6,229	   0	   207	   0	   7	  
2008	   	  	   63	   East	   87	   3,146	   0	   1,337	   0	   122	  
2008	   	  >90	  m	   72	   East	   113	   5,771	   0	   794	   0	   894	  
2009	   	   105	   East	   170	   0	   0	   29	   0	   0	  
2008	   	   69	   East	   185	   43	   0	   93	   0	   43	  
2008	   	   55	   East	   192	   50	   257	   72	   21	   21	  
2008	   	  	   64	   East	   214	   14	   0	   143	   0	   7	  

	  
	  
	  
 


