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Changes in lower food web parameters indicate that Lake Ontario moved from a state 

of mesotrophy to oligotrophy since 1970.  Spring total phosphorus (TP), summer 

chlorophyll-a (chl-a), and zooplankton density and biomass have declined, and the 

ability of the lake to support a recreational fishery could be compromised if these 

declines continue.  We used Secchi depth transparency, TP, soluble reactive 

phosphorus, silica, chl-a, and zooplankton data from spatially-intensive sampling 

programs in 2003 and 2008 to test for differences between habitats (nearshore vs 

offshore) and regions (east vs west) in 2003, to test for differences between years (2003 

vs 2008), and to compare 2003 and 2008 with long-term data (1970 – 2011) to test the 

hypothesis that oligotrophication of Lake Ontario’s offshore waters has continued.  

Results show no spatial differences in key indicators (spring TP, summer chl-a) in 2003, 

higher values in 2008 compared to 2003, and no trend in long-term data since the mid 

to late 1990s.  Oligotrophication has not continued in Lake Ontario in the 2000s. 
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PREFACE 

The Lake Ontario ecosystem has been reshaped during the last 50 years by socio-

political influences and the introduction (both intentional and unintentional) of 

nonindigenous species (Mills et al. 2003; Holeck and Mills 2004).  Pacific salmon were 

stocked in the 1960s to reduce nuisance levels of alewife and to provide recreational 

fishing opportunities (Owens et al. 2003).  Degraded water quality and nuisance algal 

growth prompted the 1970s signing of the Great Lakes Water Quality Agreement 

between the United States and Canada which aimed to reduce phosphorus inputs to all 

the Great Lakes (IJC 1988).  During the 1980s and 1990s, several nonindigenous 

species were unintentionally introduced via the ballast water of transoceanic ships 

(Holeck et al. 2004).  The spiny waterflea (Bythotrephes longimanus; 1985), zebra 

mussel (Dreissena polymorpha; 1989), quagga mussel (Dreissena rostriformis 

bugensis; 1991), and fishhook waterflea (Cercopagis pengoi; 1998) have all become 

established in Lake Ontario (Lange and Cap 1986, Mills et al. 2003).  These events 

have permanently altered the structure and function of the Lake Ontario food web. 

 

Food web changes in Lake Ontario have had both positive and negative consequences.  

Pacific salmon have flourished and play a critical role in sustaining a multi-million dollar 

recreational fishery supported primarily by two other nonindigenous fish species, alewife 

(Alosa pseudoharengus) and rainbow smelt (Osmerus mordax).  Stocking of salmonids 

was so successful that fishery managers shifted from a strategy aimed at controlling 

nuisance levels of alewife to concern about whether the salmon fishery could be 

sustained with a declining alewife population.  Mandated phosphorus reductions were 
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also a success.  With declining phosphorus loadings, Lake Ontario’s water quality 

improved and nuisance Cladophora blooms were reduced.  However, phytoplankton 

and zooplankton levels also declined, decreasing the lake’s capacity to support fish.  

The filter-feeding zebra and quagga mussel also contributed to decreased levels of 

phytoplankton and zooplankton, while the nonindigenous waterfleas fed on native 

zooplankton, thereby competing with zooplanktivorous fish like alewife.  Mills et al. 

(2003) hypothesized that although oligotrophication drove the recovery process of the 

Lake Ontario ecosystem, the lake would not return to historic conditions due to the 

presence of these nonindigenous species. 

 

Oligotrophication has led to competing concerns regarding Lake Ontario’s productivity.  

First, there is a question about the ability of the lake to support current alewife 

production in the offshore due to declining nutrient levels and zooplankton biomass.  At 

the same time, high nutrient levels close to shore are contributing to a resurgence of 

attached algae (e.g., Cladophora) in some shoreline and beach areas (Makarewicz and 

Howell 2007; Kuczyinski et al. 2016).  The collapse of the alewife population and the 

decline in the Chinook salmon fishery in Lake Huron in 2003 may have been due to 

declines in lower trophic levels (Barbiero et al. 2011, Bunnell et al. 2012).  Alewives had 

not returned to Lake Huron as of 2014 (Gorman and Weidel 2015), and concerns of a 

similar crash in Lake Michigan led to a decision to decrease Chinook stocking rates in 

that lake (Lake Michigan Committee 2016).  Continued oligotrophication of Lake Ontario 

could compromise the lake’s ability to support a recreational salmonid fishery. 
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This thesis contains two chapters that assess the condition of the Lake Ontario lower 

food web by examining status of and trends in lower food web indicators.  Chapter 1 

uses Secchi depth, total phosphorus, soluble reactive phosphorus, silica, chlorophyll-a 

and zooplankton (density, biomass, and mean length) to spatially characterize the lower 

food web.  It evaluates differences between habitats (nearshore vs offshore) and 

regions (east vs west) across three seasons (spring, summer, and fall) during 2003.  

Spatial characterization is important prior to evaluation of temporal trends because it 

allows for visualization of differences that might otherwise be obscured by the analysis 

of lake-wide means.  Chapter 2 uses a subset of Chapter 1 indicators (Secchi depth, 

total phosphorus, silica, and chlorophyll-a) to compare data collected in 2003 with data 

from a similar, spatially-intensive sampling effort in 2008 and uses additional long-term 

data collected by multiple agencies in the United States and Canada to test the 

hypothesis that oligotrophication has continued in Lake Ontario into the 2000s. 

 

Few spatial differences of selected food web indicators were observed in Lake Ontario 

in 2003.  For habitat comparisons (nearshore vs offshore), nearshore silica and offshore 

chlorophyll-a were both higher in fall.  For regional comparisons (east vs west) Secchi 

depth and zooplankton mean length were both higher in the east during spring and total 

phosphorus was higher in the west during summer.  Results from 2003 show a general 

lack of expected differences (e.g., higher spring total phosphorus nearshore, higher 

Secchi depth offshore) between nearshore and offshore habitats.  Comparisons of the 

two lake-wide surveys showed that 2008 had higher spring total phosphorus, spring 

silica, spring Secchi disk transparency, and summer chlorophyll-a concentrations 



xi 
 

compared with 2003.  Long-term data indicate change points in Secchi depth, total 

phosphorus, chlorophyll-a, spring silica, and silica utilization in the mid- to late 1990s, 

and no significant changes since.  Results indicate that oligotrophication of the offshore 

waters of Lake Ontario has not continued into the 2000s. 

 

Despite the stability of lower trophic levels observed from the mid- to late 1990s through 

2010-11, further oligotrophication of Lake Ontario’s offshore is possible.  Recent 

analyses show a gradual decline in total phosphorus 1980 – 2013 (Dove and Chapra 

2015) and below average total phosphorus values in 2014 – 2015 compared to 1996 – 

2013 (Holeck et al. 2015, 2016).  Offshore summer chlorophyll-a declined significantly 

2005 – 2015 (Holeck et al. 2016), and similar declines were observed in Environment 

Canada and United States Environmental Protection Agency data since 2005 (Dove 

and Chapra 2015; Rudstam et al. 2016).  Continued lower productivity could impact 

fisheries.  Kao et al. (2016) found that lower nutrient levels and the expansion of quagga 

mussels were largely responsible for the alewife crash in Lake Huron in 2003, and 

warned that similar signs were evident in both Lake Michigan and Lake Ontario.  Lake 

Michigan alewife declined sharply in 2014 (Bunnell et al. 2015; Warner et al. 2015), but 

it is yet unknown whether an alewife “crash” has occurred there as in Lake Huron.  In 

Lake Ontario, alewife year classes were poor 2013 – 2014, but the adult population 

remained relatively stable (Walsh et al. 2016).  If lower phosphorus and chlorophyll 

levels persist, Lake Ontario’s alewife population could decline.   
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The combined effect of reduced nutrient inputs and introduction of nonindigenous 

species on alewife in Lake Michigan and Lake Huron is not evident in Lake Ontario, 

possibly because fish food sources have not declined there.  Despite declines in total 

phosphorus and chlorophyll-a, summer offshore epilimnetic zooplankton density and 

biomass increased 2005 – 2015, and in 2015 biomass was two to four times levels 

observed since 2005 (Holeck et al. 2016).  Also, zooplankton biomass can concentrate 

in the deep chlorophyll layer near the base of the thermocline.  Rudstam et al. (2015) 

found that, in 2008, most of the Lake Ontario’s daytime zooplankton biomass occurred 

at or below the thermocline.  This was also the case in 2015; over 60% of the July 

zooplankton biomass occurred in the metalimnion while the epilimnion accounted for 

just 12% (Holeck et al. 2016).  The distribution of zooplankton in colder waters should 

benefit rainbow smelt and cisco more than alewife, but it is possible that alewife still 

receive some benefit from foraging in this layer.  Finally, Lake Ontario alewife are 

consuming more Mysis (Stewart et al. 2010), and the Mysis population has been stable 

during the past decade (Rudstam et al. 2016).  Lake Ontario’s alewife population 

remains stable, but the contradictory patterns observed in lower trophic level 

parameters warrant caution. 

 

Continued monitoring and new research on Lake Ontario’s lower food web are needed 

to ensure that appropriate management actions can be undertaken to maintain 

ecosystem health and sustain the recreational fishery.  First, continuation of long-term 

monitoring programs is key.  Results presented here could not have been possible 

without data provided by monitoring programs conducted by multiple agencies in the 
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United States and Canada.  The Environment Canada Surveillance Program (1970 – 

2015), Department of Fisheries and Oceans Bioindex Program (1981 – 1995), New 

York State Department of Environmental Conservation Biomonitoring Program (1995 – 

2015), and United States Environmental Protection Agency Great Lakes Monitoring 

Program (1986 – 2015) all perform annual monitoring at differing spatial scales on Lake 

Ontario.  In addition, periodic intensive spatial surveys performed with binational 

cooperation between the United States and Canada provide much needed information 

on the differences present (or absent) in lower food web parameters on a horizontal 

scale (e.g., nearshore vs offshore, east vs west).  However, periodic intensive spatial 

surveys should not overlook the importance of measuring variability in the vertical 

component of lower food web parameters.  Detection of the redistribution of 

zooplankton from the epilimnion to the metalimnion is just one example of the value in 

sampling the vertical spatial component, and variability in the vertical component of 

other parameters such as chlorophyll and nutrients is of interest and importance as well.  

Finally, nutrient loadings should be measured at major points of input.  Input from Lake 

Erie via the Niagara River accounts for 30% of Lake Ontario’s annual phosphorus load 

(Chapra and Dolan 2012), and a new annex to the Great Lakes Water Quality 

Agreement aimed at reducing phosphorus loads to the western and central basins of 

Lake Erie by 40% could fuel further oligotrophication in Lake Ontario.  Maintenance of 

long-term monitoring programs combined with sampling of areas and parameters that 

have either been overlooked (e.g. metalimnetic zooplankton) or that have not been re-

measured in decades (phosphorus loading) will provide managers with the tools they 

need to make informed decisions regarding the future of the Lake Ontario ecosystem. 
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