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Abstract 

          Understanding the reasons for long-term population change in a species requires an 

evaluation of ecological variables that may account for the observed dynamics. In this study, 

long-term changes in indices of Smallmouth Bass condition and population levels were 

examined for eastern Lake Ontario and the Bay of Quinte. Smallmouth Bass are an extremely 

important recreational fish species native to Lake Ontario. They have experienced numerous 

changes in their environment through direct human impacts, climate change, predation, and 

habitat sharing with non-native species. Smallmouth Bass have experienced an increase in body 

length and weight likely due to a diet shift from crayfish to predominantly Round Gobies which 

has allowed them to increase their growth rate. According to existing assessment data however, 

this increase in body size has not been associated with an increase in abundance. Long-term data 

from gill net sampling shows that Smallmouth Bass populations have been declining since the 

late 1980s with no indication of recovery. This could be due to a variety of factors, but it is most 

likely due to a change in the selectivity of gill nets because of the change in body size as well as 

a habitat shift away from gill net sampling sites. Adjusting for gill net selectivity has revealed 

that sub-adult bass abundance is currently greater than it was historically, and that very large 

bass are likely not being retained within the gill nets that are currently used. The use of a long-

term data set in this study has led to a much better understanding of Smallmouth Bass abundance 

and ecology. 
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Chapter 1: Introduction 

     Fish populations in several Laurentian Great Lakes have been undergoing change in relative 

abundance and ecology corresponding to general declines in lake productivity.  Invasion by 

dreisennid mussels, declines in total phosphorus and downward trends in fish abundance all 

characterize the general decline in lake productivity (Bunnell et al., 2014).  This pattern is 

relatively consistent among lakes and appears to be due to food web change stemming from the 

invasion of dreissenid mussels (Madenjian et al., 2002; Mills et al., 2005; Hogan et al., 2007). 

     One of the most important alterations to the Lake Ontario system was the arrival of dreissenid 

mussels. Zebra mussels (Dreissena polymorpha) and Quagga mussels (Dreissena bugensis) have 

changed the physical and chemical characteristics of Lake Ontario in both the nearshore and the 

offshore. High densities of dreissenid mussels, particularly in the nearshore, have likely diverted 

phosphorus from the offshore zone into the nearshore benthos (Hecky et al., 2004). Hecky et al. 

(2004) noted that a possible indication of this rerouting of phosphorus is an increase in the 

abundance of Cladophora algae, as this species is limited both by phosphorus and by area 

available for its attachment. Dreissenid mussels provide both of these requirements and have also 

contributed to increased water clarity by filtering suspended particles out of the water column 

(Griffiths et al., 1993; Holland 1995). Detritivore consumption of dreissenid faeces has also 

increased the amount of CO2 available in these areas (Hecky et al., 2004). As plants and algae 

are limited by available CO2, phosphorus, sunlight, and attachment locations, the presence of 

dreissenids contribute to the increase in plant and algae growth in the benthic nearshore and 

therefore increased productivity in these zones. The Laurentian Great Lakes support lower 

relative biodiversity when compared to other parts of the world. In situations such as this where 
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limiting compounds are rerouted and/or made more available in certain areas, increases in 

unwanted species such as Cladophora and Round Goby (Neogobius melanostomus) are observed 

(Hecky et al., 2004). A shift to eutrophy in the nearshore zone and oligotrophy in the offshore is 

likely to change the habitat preference of species which are able to take advantage of the newly 

available nutrients in the benthos and over time, change the food web and overall ecosystem in 

Lake Ontario (Hecky et al., 2004). 

     In addition to the changes brought on by dreissenid mussels, Lake Ontario has experienced 

major ecological and physical changes which have contributed to alterations to the ecosystem. 

During this time period there has been a great deal of stress put on Lake Ontario due to human 

population growth and urbanization on and around the shorelines (Weimer and Keppner, 2000). 

In addition to these anthropogenic changes and as a consequence of their impacts, there have also 

been several major alterations to Lake Ontario. Mills et al. (2005) noted that the loss and decline 

of native fish populations, eutrophication from farmland runoff, increasing abundances of 

invasive species, and habitat loss are some of the most important large-scale impacts that have 

affected Lake Ontario in a relatively short period of time.        

    As mentioned above, Lake Ontario has undergone dramatic changes in the past 60 years that 

still have repercussions today. The only way to fully appreciate the impact of these changes is 

through the continued sampling of the system over a long period of time. Long-term studies are 

invaluable in their ability to provide answers to questions about large-scale problems such as 

ecosystem health, community dynamics, climate change, and changes in the ecology and 

abundance of species (Casselman et al., 1999; Lindenmayer et al., 2012). Studies which do not 

span a long period of time are not able to provide insights into large-scale issues (Lindenmayer et 

al., 2012).  This thesis is unique because it used 57 years of data to understand long-term trends 
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in Smallmouth Bass (Micropterus dolomieu) ecology. In addition to addressing very broad 

questions, long-term data sets are also extremely valuable as sources of information when using 

simulation modeling to predict the future of a system (Lindenmayer et al., 2012). This type of 

modeling has become increasingly important in recent years in management and conservation 

biology (Lindenmayer et al., 2012). For this reason, long-term data sets, such as the one which is 

ongoing for Lake Ontario, must be maintained and built upon in the future.  

     Smallmouth Bass is a member of the Centrarchidae family and is native to Lake Ontario 

(Scott and Crossman, 1973). In Lake Ontario, Smallmouth Bass spawn in June and July in order 

to provide the fry with enough time for growth before winter temperatures arrive and growth 

ceases (Scott and Crossman, 1973). Optimal temperature for growth is between 25-29°C in fish 

held in a lab setting (Horning and Pearson 1973; Coutant and DeAngelis 1983). Adult 

Smallmouth Bass are most often considered a warm water species and are able to tolerate 

temperatures up to 32°C (Edwards et al. 1983) with their lower temperature limit ranging from 

7-10°C (Shuter et al. 1980). Water temperature is one of the most important factors in fry 

recruitment and year class strength. Forney (1972) noted that higher water temperatures during 

the first growing season were linked to a larger year class, likely due to the larger size of these 

fish as they entered the winter season. 

     Adult Smallmouth Bass consume mainly fish, crayfish, and insects. Juvenile bass, after 

exhausting their yolk sac, feed on zooplankton, aquatic insects, and finally fish as they age and 

grow (Scott and Crossman, 1973). Ideal habitats for Smallmouth Bass are large lakes or streams 

that are clear, provide rocky shoals, and are an average of 9 m deep (Edwards et al. 1983). 

Smallmouth Bass are often associated with littoral drop-off areas and they appear to prefer rocky 

bottom composed of cobble and gravel (Pflug, 1981). Smallmouth Bass will also seek out logs, 
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and rocky outcrops, but are rarely associated with aquatic vegetation (Pflug, 1981; Etnier and 

Starnes 1993). 

     Smallmouth Bass is an important species to Lake Ontario and the Bay of Quinte due to its 

ecological niche as a top predator. In addition, Smallmouth Bass is an economically important 

species for the province of Ontario because it is a popular target species for recreational anglers 

(Tufts et al., 2015). Black Bass (specifically Smallmouth and Largemouth Bass in Ontario) are 

the most sought after recreational species in both the American and Canadian waters of Lake 

Ontario (McCullough and Einhouse, 2004; Kerr, 2012). Smallmouth Bass have been reported to 

be targeted for 48% of the total angling time of recreational anglers in New York during bass 

season (McCullough and Einhouse, 2004). In Ontario, recreational fishing tournaments that 

target bass species make up 32% of all events held each year (Kerr, 2012). In addition, 

tournament angling for bass appears to be more frequent on large lakes such as Lake Ontario in 

recent years as opposed to smaller back lakes (Kerr, 2012). Because of this interest in 

Smallmouth Bass and their economic value, it is important to understand how this species 

responds to its environment in order to sustain the population for future generations.  

     Additionally, evaluating Smallmouth Bass responses to environmental change is critical for 

predicting future abundance. As of yet, there has been no complete evaluation of the changes in 

abundance of Smallmouth Bass in Lake Ontario and the Bay of Quinte and the events that 

resulted in the population we observe today. This study is unique in that it combines 57 years of 

community indexing data intended to monitor the status of several Lake Ontario species 

including Smallmouth Bass. Invasion episodes and climatic data are well documented in Lake 

Ontario and thus provide a clear point of occurrence when examining a time series of catch or 

body size. This data set is one of the longest running freshwater datasets in the world and 
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therefore can provide valuable insight into how the abundance and ecology of Smallmouth Bass 

has changed over this time period. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

6 
 

Chapter 2: Literature Review 

2.1 Smallmouth Bass Abundance in Lake Ontario and the Bay of Quinte 

     In Lake Ontario, there has been a reported decline in Smallmouth Bass abundance which 

began in the early 1990s (Hoyle, 1999). Smallmouth Bass occurred at a high abundance in the 

early 1970s and then began to decrease into the 1980s with a small recovery in the early 1990s 

(Hoyle, 1999). From 1992, there was a steady and rapid decline until 1996, but populations did 

show the beginning of an increase during 1997-1999 (Hoyle, 1999). However, Smallmouth Bass 

populations have never returned to a state comparable to that which was reported in the 1970s. 

Hoyle (1999) reported that young Smallmouth Bass show changes in abundance characterized by 

peaks and valleys in certain years where adult bass had shown a steady decline from the late 

1970s to late 1990s. Hoyle (1999) predicted that the abundance of Smallmouth Bass would 

increase during the early 2000s due to warm summers which would promote higher recruitment. 

This was not the case and Smallmouth Bass still occur at much lower abundances than was seen 

historically (Hoyle, 2015). At present, however, it is not clear whether this decline reflects a real 

event that has taken place within the time series, or if perhaps Smallmouth Bass ecology has 

changed in such a way that bass are no longer captured with the same efficiency or are present in 

the same locations as previously observed. The study presented here aims to address these 

considerations.    

2.2 Factors affecting Smallmouth Bass Abundance and Ecology 

     Several factors including climate change, predation, human impacts, habitat alteration and co-

existence with non-native species are all likely to have an impact on Smallmouth Bass 

abundance. Additionally, these factors may contribute to cumulative impacts on Smallmouth 
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Bass in ways that can be difficult to determine. In the Bay of Quinte, phosphorus control 

measures were initiated in 1972 (Mills et al., 2005) that may have lowered productivity of the 

ecosystem leading to a decline in Smallmouth Bass. More recently, invasions of Lake Ontario by 

dreissenid mussels (Dreissena polymorpha 1989, Griffiths et al., 1991; Dreissena bugensis 1990, 

Mills et al., 1993) and Round Goby (1999, Hoyle et al., 2003; Dietrich et al., 2006) provide 

different temporal occurrences of drivers of food web structure that could also account for 

changes in relative abundance of Smallmouth Bass. Finally, climate change has been ongoing 

over several decades and includes factors that affect conditions over the Laurentian Great Lakes 

and possibly Smallmouth Bass populations.  

2.2.1 Recreational Fishing 

     Recreational angling of Smallmouth Bass is very popular in Lake Ontario and the Bay of 

Quinte (McCullough and Einhouse, 2004; Kerr, 2012). The creel survey by McCullough and 

Einhouse (2004) reported that Smallmouth Bass were the most often caught and harvested 

species in the American waters of Lake Ontario with anglers harvesting 0.2 Smallmouth Bass per 

angler per hour. Recreational anglers who were fishing during bass season targeted Smallmouth 

Bass 48% of the time, a number that had remained consistently high since a previous creel 

survey in the 1960s (McCullough and Einhouse, 2004). This interest in Smallmouth Bass as a 

recreational fishing target is reflected on the Canadian side of Lake Ontario. Kerr’s (2012) 

competitive fishing events report showed that bass were the target of the highest percentage of 

recreational angling tournaments, representing 32.1% of all events held in Ontario. The number 

of competitive fishing tournaments in Ontario is now over 1000 events per season, and so this 

percentage accounts for 425 tournaments.  
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2.2.2 Climate Change 

     Water temperature is one of the most important factors affecting the life cycle of Smallmouth 

Bass. Appropriate water temperatures are critical for recruitment and survival, particularly 

during egg development and fry recruitment ; survival during these stages is directly linked to 

year class strength (Forney, 1972). Forney (1972) noted that higher water temperatures during 

the first growing season were linked to a larger year class due to the larger size of these fish as 

they entered the winter season. In Lake Ontario, Smallmouth Bass spawn in June and July in 

order to permit the fry enough growth time before the winter temperatures arrive and growth 

ceases (Scott and Crossman, 1973). Male Smallmouth Bass guard their nests from predators until 

the eggs hatch and fry are a suitable size to disperse on their own (Brown et al., 2009). In 

instances where the temperature is below the optimal for spawning, the nest may be abandoned 

by the male and the eggs will not develop, or will be entirely consumed by predators (Brown et 

al., 2009). In such cases, recruitment is assumed to be effectively zero due to extremely low fry 

production and survival (Brown et al., 2009). This temperature dependence can have large 

impacts on the population as a whole. Since climate has been changing over the past century, it is 

important to examine how these changes impact populations of vulnerable fish species such as 

the Smallmouth Bass. 

      Large-scale global events impact fish species in Lake Ontario. In particular, large-scale 

climate factors impact the strength and size of Smallmouth Bass cohorts in their more northern 

habitats where successful recruitment has been linked to El Niño events during the winter 

months (Suski and Ridgway, 2007). In North America, these events are characterized by higher 

than average temperatures and fewer extreme winter storm conditions (Hurrell et al., 2003). 

These types of broad scale climate conditions are much more indicative of trends in Smallmouth 
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Bass recruitment than regional weather variations as global climate conditions include a whole 

host of factors such as changes in precipitation, temperature, and other weather characteristics 

(Stenseth et al., 2003). The combination of local weather trends and overall climate are crucial 

considerations when describing environmental effects on the ecology of Smallmouth Bass in 

Lake Ontario. 

     There is a large body of evidence indicating that Smallmouth Bass recruitment is more 

successful in years with higher temperatures (Christie, 1957; Watt, 1959; Forney 1970; Shuter et 

al., 1980; King et al., 1999; Casselman et al., 2002; Suski and Ridgway, 2007). Casselman et al. 

(2002) examined a long-term gill netting data set similar to the one used for this study in order to 

determine the effects of global climate events on Smallmouth Bass recruitment. They found that 

the strongest year classes were those years classified as El Niño years while the weaker year 

classes were correlated with La Niña. In addition, the weakest year class identified by Casselman 

et al. (2002) was the 1992-1993 year class, one that had an uncharacteristically cool summer as a 

result of the Mount Pinatubo eruption. The authors also stated that a global temperature increase 

of 1°C would result in an increase in bass year class strength almost 2.5 fold and a 2°C would 

increase the recruitment 6 fold (Casselman et al., 2002). 

     Watt (1959) and Forney (1972) agree that water temperature is more important to Smallmouth 

Bass recruitment than even the number of spawning adults that are active in any particular year. 

Global climate events must continue to be monitored in terms of their impacts on Smallmouth 

Bass habitat. Additionally, the effects that these climatic events have on Smallmouth Bass need 

to be described in order to predict future recruitment.    
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2.2.3 Double-crested Cormorant Predation 

     There has been considerable evidence published in the literature that Double-crested 

Cormorants (Phalacrocorax auritus) are important predators of juvenile Smallmouth Bass 

(Lantry et al., 2002; Mills et al., 2005; Johnson et al., 2010). Double-crested cormorants existed 

in very high numbers in eastern Lake Ontario from the mid-1970s to the 1990s due to their 

protected status and an abundance of prey (Mills et al., 2005). Smallmouth Bass abundance 

declined rapidly during the late 1980s and early 1990s which coincided with high abundances of 

double-crested cormorants (Lantry et al., 2002). Lantry et al. (2002) reported that cormorant 

predation on Smallmouth Bass made a significant contribution to lower than average recruitment 

during this time.  

     In recent years, cormorant abundance has declined and a shift in their diet has occurred 

(Lantry et al., 2002; Somers et al., 2003; Johnson et al., 2010). Cormorant control through egg 

oiling began in the 1990s in the eastern basin of Lake Ontario and a significant decrease in the 

numbers of nests on Little Galloo Island has been observed (Mills et al., 2005). In addition, 

cormorants have shifted their diet to favor the Round Goby (Neogobius melanostomus) in all 

parts of Lake Ontario (Somers et al., 2003; Johnson et al., 2010). However, the potential impact 

of cormorant predation is still important to consider when looking at long-term changes in 

Smallmouth Bass abundance. 

2.2.4 Dreissenids 

     Zebra Mussels (Dreissena polymorpha) were first discovered in Lake Ontario in 1989 with 

the first record of Quagga Mussels (Dreissena bugensis) in 1990 (Griffiths et al.,1991; Mills et 

al., 1993 ). Both species are members of the Dressinidae family and are small bivalve filter 
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feeders which attach themselves to benthic substrates (Stoeckmann, 2003).  Both of these species 

are thought to have been introduced to the Great Lakes system through the ballast water of cargo 

ships from outside of North America as either veliger larvae or as adults (Mills et al., 1999).  

     Zebra mussels and Quagga mussels have drastically changed Lake Ontario in the short time 

since their colonization. Both species of dreissenids occur at extremely high densities in Lake 

Ontario, likely due to their lack of natural predators and their ability to reproduce in large 

numbers (Vanderploeg et al., 2002).  They are also both filter feeders and there is evidence that 

water clarity has increased as a result of these organisms filtering phytoplankton and other 

suspended particles out of the water; their high densities result in the filtering of large amounts of 

water each day (Howell 1996; Vanderploeg et al., 2002; Mills et al., 2005). This change in water 

clarity may have an impact on benthic invertebrates as well as on macrophytes as both of these 

groups are often limited by light (Vanderploeg et al., 2002). There is the possibility that with 

continually increasing densities of dreissenids, water clarity will also increase further which 

could cause a shift from areas dominated by phytoplankton to ones occupied mainly by 

macrophytes (Vanderploeg et al., 2002). This not only reduces the amount of phytoplankton 

available for consumption by zooplankton, but also changes the habitat structure in these areas 

(Vanderploeg et al., 2002). 

     In 1972, an initiative to reduce the amount of phosphorus in Lake Ontario was undertaken 

through the Great Lakes Water Quality Agreement in an effort to reduce eutrophication (Mills et 

al., 2005). Although these measures were extremely successful, the arrival and establishment of 

dreissenids species in Lake Ontario was unexpected (Mills et al., 2005). The establishment of 

dreissenids along with the reduction in phosphorus concentration led to a drastic increase in light 

penetration and water clarity (Mills et al., 2005). This caused an increase in energy production in 
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benthic habitats and reduced production in pelagic zones altering the energy availability at 

different levels of the Lake Ontario food web (Mills et al., 2005). Mills et al. (2005) proposed 

that this alteration would change energy pathways in such a way that benthic areas would be 

more productive. Hecky et al. (2004) support this idea of a shift in productivity to the benthic 

nearshore. The arrival and establishment of dreissenids in the nearshore zones of Lake Ontario 

has likely caused a fundamental shift in productivity. Dreissenids have altered this environment 

by allowing more phosphorus to be available in nearshore areas through filtering suspended 

particles out of the water column and excreting them as faeces or pseudofaesces (Hecky et al., 

2004). This shifted phosphorus away from the offshore zones and made this limiting element 

available for detritivores and plant and algal species such as Cladophora in nearshore zones 

(Hecky et al., 2004). The increase in water clarity and phosphorus, as well as the increase in CO2 

through detritivore facilitated decomposition of dreissenid faeces, and alteration of the benthic 

floor in such a way that provided more areas for attachment of algae, has completely changed the 

dynamics of nearshore Lake Ontario by reducing the limitations placed on aquatic plants and 

algae (Heckey et al., 2004). This allowed more nutrients to be concentrated in the nearshore 

which attracts species that are able to take advantage of these zones such as Cladophora and 

Round Goby (Hecky et al., 2004). This in turn will favor those species that live in these areas 

and those that are able to make the best use of the newly abundant energy in the benthos. 

Additionally, this alteration in the nearshore is likely to contribute to a shift in the nearshore 

species composition and food web (Hecky et al., 2004; Mills et al., 2005). 

     In addition to increasing water clarity, both species of dreissenids have likely contributed to a 

decline in crustacean zooplankton production due to competition for resources that occurs via 

dreissenid consumption of algae and other primary production species (Mills et al., 2005). This 
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occurs mainly in the nearshore zones of Lake Ontario (Mills et al., 2005) and will therefore 

impact the food webs in these areas by removing a portion of the biomass from the lowest 

trophic level. Other studies have shown that dreissenid species consume not only algae, but also 

microinvertebrates (Vanderploeg et al., 2002). Microinvertebrates are both predated on by 

dreissenids and are also forced to compete with the mussels for resources (Vanderploeg et al., 

2002). These interactions compound one another and limit the invertebrates in two different 

ways. This has the potential to alter the food web and to lead to decreases in microinvertebrate 

species such as protozoa and rotifers (Vanderploeg et al., 2002). 

     The large densities of dreissenids that occur in Lake Ontario have now completely changed 

the characteristics of the lake bottom. Both quagga and zebra mussels attach themselves to rocky 

as well as soft substrate and exist in such close quarters, that often the substrate beneath them is  

not visible (Vanderploeg et al., 2002). These colonies create areas where algae can live and also 

add variation to the benthic structure which creates additional surface area where small 

invertebrates can find refuge and food sources (Vanderploeg et al., 2002). This alters the habitat 

in areas where dreissenids exist at high densities and may result in a change in the other species 

that live in these areas.    

     Dreissenids have drastically changed the appearance of the lake through increased water 

clarity, and alterations to the benthic landscape and food web. Although we have a good 

understanding of these habitat impacts, we do not know how Smallmouth Bass have been 

affected by these changes.  
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2.2.5 Round Goby 

     Round Goby was introduced into Lake Ontario in much the same way as the introduction of 

Dressenidae. It is believed that Round Gobies were also brought to the area through ballast water 

from Eurasia in the early 1990s (Jude et al., 1992). They were first detected in the St. Clair River 

in 1990 (Jude et al., 1992) and in the Eastern Basin of Lake Ontario in 1999 (Hoyle et al., 2003; 

Dietrich et al., 2006).  

     Round Gobies are a small, bottom dwelling fish that are quite similar to our native sculpins. 

They naturally feed on dreissenids as they are from the same area of the world where they are 

native predators of the mussel species (Vanderploeg et al., 2002). However, in Lake Ontario, 

they have been known to consume the eggs of other fish species as well as outcompete small 

native fish species such as sculpins and darters which occupy the same niche (Jude et al., 1992). 

For these reasons, there is concern that Round Gobies are changing the food web, decreasing 

diversity, and reducing recruitment rates of fish species in Lake Ontario with consequences that 

we do not yet fully understand.  

     The Roundy Goby has likely been very successful in Lake Ontario for a variety of reasons 

including its tolerance to a wide range of temperatures, high fecundity, and its size (Crane et al., 

2015). In the Great Lakes region, they have been reported to reach densities of 1-14 individuals 

per square metre (Barton et al., 2005; Johnson et al., 2005a). When invasive fish exist at such 

high densities in novel environments, there is a concern about changes to the food web, the 

transfer of more contaminants through the different trophic levels, and the loss of native species 

due to competition (Crane et al., 2015). However, in the case of the Round Goby, it is also 
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important to note that this new prey species has become very important to top level predators 

(Crane et al., 2015) 

     As mentioned above, Smallmouth Bass are a top level predator in that they consume a variety 

of prey from lower trophic levels (Brown et al., 2009). Adult Smallmouth Bass prey mainly on 

various fish, crayfish, and insect species (Scott and Crossman, 1973). Historically, adult 

Smallmouth Bass in Lake Ontario have consumed mainly Rusty Crayfish (Orconectes rusticus) 

and Alewife (Alosa pseudoharengus) as well as other small fish such as Rainbow Smelt 

(Osmerus mordax) and various sculpin species (Brown et al., 2009). Since their arrival in Lake 

Erie, Round Gobies have become one of the most commonly found species in the stomach 

contents of top level predators with Smallmouth Bass being no exception (Johnson et al., 2005b). 

Smallmouth Bass in Lake Erie prey very heavily on Round Gobies as they share similar 

preferred habitat and gobies are present in very high densities which reduces searching time for 

prey (Crane et al., 2015). Since the introduction of Round Gobies in Lake Ontario, the diet of 

Smallmouth Bass in the Bay of Quinte has shifted and now predominantly includes this invasive 

species (Taraborelli et al., 2010). The consumption of Round Gobies has contributed to increased 

survival in young-of-the-year Smallmouth Bass as well as increased body size in adults 

(Steinhart et al., 2004b; Crane et al., 2015). The presence of Round Gobies likely allows young-

of-the-year Smallmouth Bass to switch from a zooplankton diet to piscivory earlier in their life 

(Steinhart et al., 2004b). This allows the bass to reach a larger size before the winter which 

increases overwinter survival (Steinhart et al., 2004b). In addition, adult Smallmouth Bass have 

been taking full advantage of the high density of Round Gobies, particularly in Lake Erie, where 

it was reported that approximately 75% of their diet consisted of Round Gobies (Johnson et al., 

2005b). This diet shift is likely responsible for the increase in average size of adult Smallmouth 
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Bass that has been reported in Lake Erie and Lake Ontario in recent years (Crane et al., 2015). 

Further investigation into how this diet shift has altered Smallmouth Bass ecology is warranted. 

2.3 Goals of this Study 

     The numerous changes to food web structure and climate described above may have 

collectively contributed to changes in relative abundance and body size of Smallmouth Bass in 

eastern Lake Ontario. Since several of these factors have occurred at different times, changes in 

Smallmouth Bass relative abundance can be evaluated with regard to the timing of potentially 

important ecosystem changes. This study aims to summarize and evaluate the changes in 

Smallmouth Bass abundance and ecology in Lake Ontario and the Bay of Quinte since 1958. 

This will be accomplished using the long-term dataset of gill netting information collected by the 

Lake Ontario Management Unit (LOMU) at the Glenora Fisheries Station (GFS) by examining 

changes in the size of Smallmouth Bass as well as their abundance and habitat use. In addition, 

this study will evaluate the selectivity of the gill nets used by the GFS in order to account for any 

gear bias. It will also address whether there has been a shift in Smallmouth Bass diet as well as 

habitat preference. Finally, the potential importance of changes in environmental conditions as 

well as species interactions on Smallmouth Bass during this time period will be evaluated as a 

way to understand their past influence on adult bass abundance. This will facilitate the 

development of predictions about the future abundance of Smallmouth Bass, as well as provide 

insight on how bass react to changes in their preferred habitats.   

     It is hypothesized that Smallmouth Bass abundance declines are true declines, but that the 

effects of sampling method and habitat choice have also had a previously unidentified impact on 

catch per unit effort (CPUE) of Smallmouth Bass. It is also hypothesized that Smallmouth Bass 

have increased in body size over the time period covered by the data set as a result of a shift in 
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their diet to preferentially consuming Round Goby. Because of this diet shift, it is predicted that 

Round Goby presence will be indicative of Smallmouth Bass abundance.  
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Chapter 3: Methods 

3.1 Study Site  

     Lake Ontario is the 17
th

 largest lake in the world and its surrounding area is composed of 

forests, agriculture, and urbanization (Stewart et al., 1999; Mills et al., 2005). It has a surface 

area of 18 960 km
2
 (Beeton et al., 1999) and is home to more than 158 species of fish (Crossman 

and van Meter, 1979). It is also under the Canadian jurisdiction of the Lake Ontario Management 

Unit (LOMU) and it is from this research station that the data for this study has been collected.  

     The sites addressed in this study were sampled by LOMU and are located within the Eastern 

Basin of Lake Ontario and the Bay of Quinte (Figure 1). These sites range from the Canadian 

shoreline almost all the way to the American border of Lake Ontario and are enclosed on the 

West by Prince Edward County and the East by Wolfe Island.  

     For the purposes of this study, sites have been characterized into three groups; deep lake sites 

(deeper than 18 m), shallow lake sites (shallower than 18 m), and Bay of Quinte sites (shallower 

than 18 m). These were chosen as they are the most likely habitat of Smallmouth Bass out of the 

sites sampled by GFS and Smallmouth Bass have historically been captured in each of these 

locations. The lake sites are clearer waters with rocky and/or sandy bottoms and are often located 

near shoals which are also good Smallmouth Bass habitats. Bay of Quinte sites were also used 

due to their historical success in capturing Smallmouth Bass. The number of nets set in each of 

these areas for all years since 1958 can be found in Appendix A. 
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3.2 Gill Netting Methods  

     Data collection has occurred in the spring/summer field season (June, July, and August) each 

year using gill nets since 1958. Prior to 1992, gill net set locations often changed from year to 

year. In 1992 methods became more standardized and gill nets made of monofilament mesh were 

used for the Community Index Program. These nets are comprised of panels made of varying 

mesh sizes ranging from 1.5” (38 mm) up to 6” (152 mm) increasing by 0.5” (mm) increments 

(Figure 2). Each panel used in Lake Ontario since 1992 has been 6’ (1.83 m) tall and 50’ (15.24 

m) long and each net is made up of 10 panels for a total of 500’ (152.40 m) of net. For the 

purposes of this project, a mesh refers to a panel of net of the same mesh size. Multiple meshes 

of varying size (1.5”- 6” (38 mm-152 mm)) were attached together in a line and were considered 

one net. A gang was when two or more nets were tied together to be set at a particular location. 

In this project since 1992, each gang consisted of two or more nets tied end to end using a 50’ 

(15.24 m) long line to separate them. Gangs were then set at predetermined sites at varying 

depths. At most sites, these depths include 7.5 m, 12.5 m, 17.5 m, 22.5 m, and 27.5 m. Each gang 

was left to soak for approximately 24 hours before being lifted. Once the gangs had been lifted 

from the water, the fish were disentangled from the meshes and brought to the lab for further 

sampling. For a more in depth look at sampling methods for a particular year, please refer to 

LOMU Annual Reports (http://www.glfc.org/lakecom/loc/mgmt_unit/).  

     For the purposes of this study, each mesh panel (each panel of the net), is considered one 

sampling event. Therefore, there are 10 sampling events taking place within each net as a single 

net contains 10 mesh panels. Each gang consists of two nets and there are 5 gangs set at each 

site. Overall, this provides 100 sampling events with each “set day” at each site. Sites are 
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sampled at least twice over the course of the field season and so 200 sampling events are 

associated with each site for each year.  

3.3 Habitat Information and Fish Processing 

     Water temperature, water clarity, and time of day were recorded when the gill net gangs were 

set.  This information can be used in developing models to examine changes in the habitat that 

Smallmouth Bass occupy.  

     Fish that were collected in gill nets were lethally sampled and taken to the lab for further 

processing. Several attributes were recorded for a subset of the collected Smallmouth Bass. Fork 

length, round weight, sex, and stomach contents were all reported. In addition, aging structures 

in the form of scales were collected for future examination. Fork length was measured in 

millimetres as the distance from the tip of the snout to the deepest point in the caudal fin fork. 

Round weight was measured in grams and referred to the weight of the fish before any structures 

have been removed. Sex was recorded as either male or female and stomach contents were 

weighed and items were recorded to the species level if the sampler could identify the items. 

Alternatively, unidentifiable diet items were reported as digested material or unknown species. 

Scales were taken from behind the left pectoral fin and were dried for future processing.   

3.4 Statistical Methods      

3.4.1 Changes in Body Size  

     The size distribution caught in each mesh size was calculated to evaluate the magnitude of a 

shift in the size of Smallmouth Bass over the past 57 years. This analysis was completed in R 

v.3.2.3 using the RStudio interface. The 57 year data set was divided into 7 time periods to look 

for changes in size distribution. A one way analysis of variance (ANOVA) and Tukey’s HSD test 
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were completed in R using the mean values from the largest three mesh sizes in each time period 

to look for a difference in length and weight of Smallmouth Bass between these time periods. 

3.4.2 Diet Information 

     Information about the diet items was collected since 1992 and was summarized as a total 

proportion of all diet items identified in order to observe changes through time. Diet items were 

classified to species level whenever possible, and if they could not be identified, they were 

labelled as either “Unidentifiable fish remains” or “Unknown”. For the purposes of looking at 

changes through time, only the contents that were identified as Alewife, Rusty Crayfish, or 

Round Goby were examined as these were the most abundant items found in Smallmouth Bass 

stomachs.   

3.4.3 Changes in Abundance through Time 

     Information on the number of Smallmouth Bass caught each year was extracted from the 

Ontario Ministry of Natural Resources and Forestry (OMNRF) R database using the packages 

gfsR, dplyr, and stringr by creating dataframes including only the relevant information about the 

site, area, year, species, fish length, and fish weight. The abundance data were represented as 

catch per unit effort (CPUE) in R using the package ggplot2. Due to year-to-year changes in 

fishing effort, count data was transformed by standardizing the nets from each year to a what is 

considered a “standard set”. This standard is characterized by all ten meshes in each net having a 

standard length of 50’ (15.24m), and by a 24 hour soak time. Count numbers were adjusted 

accordingly to fit this standard by altering the gear length and changing the count of bass in the 

same manner. Increasing the soak time did not increase the amount of Smallmouth Bass 

captured, and so counts were not standardized to a specific soak time (Figures 6 and 7). These 
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calculations were completed in R v.3.2.3 and were then used to construct any further 

representations and to complete additional analysis.  CPUEs were often displayed for only 

particular site depths, and site locations so as to show differences in the geographical locations, 

as well as the depth of water at which the fish were captured.  

3.4.4 Evaluating Selectivity of Gill Nets 

     The omnr.gillnet package was used in R for this portion of the analysis. Smallmouth Bass 

captures were divided into seven time periods: 1958-1965, 1966-1973, 1974-1981, 1982-1989, 

1990-1997, 1998-2005, and 2006-2014. These seven time periods were selected in order to easily 

observe changes through time.  

     Fork lengths and capture-mesh size were used in this portion of the analysis to create a 

selectivity curve for gill nets during each of the time periods.  

     This selectivity curve was then used to create length frequency graphs that had been adjusted 

for selectivity for seven time periods. This was done by dividing the number of fish of each in 

each length category (0-200mm, 201-300mm, 301-400mm, 401-500mm, 501mm+) from the 

original length frequency distribution, and dividing that number by the selectivity value for the 

corresponding length category from the R generated selectivity curve: 

Frequency adjusted for selectivity =                 Frequency             

                                                               Selectivity Curve Value 

      

     These newly calculated values were then used to calculate the selectivity adjusted length 

frequency distributions for Smallmouth Bass for each of the 7 time periods. The count 

information is multiplied by the value given from the selectivity curve for the same time period 
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to estimate the true number of fish that would have been retained within the gill net.  For 

additional information related to the methods used to produce selectivity curves, please refer to 

Appendix B. 

3.4.5 Linear Regression Models 

     Various linear regression analyses were performed in order to evaluate the environmental 

impacts that are the most likely predictor(s) of adult Smallmouth Bass abundance. 

     Adult Smallmouth Bass was recorded as CPUE using the methods described above. In 

examining environmental factors that may predict the abundance of adult bass, the presence of 

Round Goby, presence of dreissenids, the North Atlantic Oscillation (NAO) values from 4 and 5 

years previous, and the El Niño values from 4 and 5 years previous were all identified as likely 

predictors from the literature. Round Goby and dreissenids were either recorded as 1 or 0 to 

indicate presence or absence. Values for presence were recorded as 0 for the time before the non-

native arrived in the system and as a 1 for all years afterwards. In addition to the year that the 

invasive was first detected in Lake Ontario, the year that they were assumed to be established 

was also used as a separate predictor. For dreissenid mussels this was 1991 (Mills et al., 2003) 

and for Round Goby this was 2005 (Hoyle et al., 2012). NAO and El Niño index values were 

obtained from the Climate Prediction Center (CPC). Environmental factors used predict adult 

Smallmouth Bass abundance are as follows: 

 Dreissenid presence 

 Round Goby presence 

 Established dreissenid presence 

 Established Round Goby presence 
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 Average El Niño index values (Dec., Jan., Feb., Mar.) lagged 4 years 

 Average El Niño index values (Dec., Jan., Feb., Mar.) lagged 5 years 

 NAO index values lagged 4 years 

 NAO index values lagged 5 years 

 Winters (Dec., Jan., Feb., Mar.) characterized as El Niño (1 or 0) lagged 4 years 

 Winters (Dec., Jan., Feb., Mar.) characterized as El Niño (1 or 0) lagged 5 years 

     In addition to environmental factors, population variables were included as predictors as well. 

The total CPUE of the previous year, the total CPUE of the Eastern Basin from the previous 

year, the total CPUE of the Bay of Quinte from the previous year, and the population growth rate 

between years were also used as predictors. CPUE of different locations from the previous year 

were used to determine if one portion of Lake Ontario, either the Eastern Basin or the Bay of 

Quinte, were contributing more bass to the overall population. 

     All analyses were completed using R in order to find factors that were most likely to predict 

adult abundance. All factors were added to the model in order to identify which environmental 

variables best predicted adult bass abundance at each location. The factors that were determined 

to be likely predictors of abundance were those which were associated with a p-value of less than 

0.05 within the model. The predictors that were most strongly associated with adult Smallmouth 

Bass abundance were combined into one model to predict abundance from year to year.  
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Figure 1: Gill netting sites used by the Lake Ontario Management Unit in recent years. These 

sites are extremely similar to the sites used throughout this data series. Only the sites in the 

Eastern Basin and the Bay of Quinte will be addressed in this study (shown in the boxes). 

Obtained from the Lake Ontario Management Unit’s 2013 Annual Report 

(http://www.glfc.org/lakecom/loc/mgmt_unit/LOA%2014.01.pdf) 
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Figure 2: The standard set-up of a gill net used by the Glenora Fisheries Station. The image here 

shows one panel of gill net that is the same mesh size for the entire length of the panel. Source: 

http://www.miseagrant.umich.edu/explore/fisheries/know-your-nets/gill-nets/gill-net-outline/ 
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Chapter 4: Results 

4.1 Changes in Body Size 

Changes in body size were evaluated by creating boxplots of the distribution of lengths 

and round weights of fish that were captured by each mesh size for the 7 time periods (Figures 3 

and 4). The results show that larger fish, in terms of both length and weight, were caught more 

frequently in recent years. In order to further examine the change in body length, a one-way 

ANOVA was completed by comparing each of the three largest mesh sizes for each of the 7 time 

periods. There was a statistical difference between the different time periods when examining 

fork length (p<0.001, F-stat=88.33, df=1, 332). A Tukey test was performed to determine where 

this difference occurred and the number of fish in the largest three mesh sizes during the two 

most recent time periods (1998-2005 and 2006-2014) were statistically different from all other 

groups (p<0.001) but not statistically different from each other. A second one-way ANOVA was 

performed in order to examine the difference in body weight of fish caught in the three largest 

mesh sizes over the 7 time periods. Again, a statistically significant difference was found 

between time periods (p<0.001, F-stat=262.5, df=1, 330). A Tukey test was completed to 

identify which time periods were different from the others and it was discovered that the first 

time period (1958-1965) was significantly different from all of the others (p<0.001). In addition, 

the last two time periods (1998-2005 and 2006-2014) were different from all other time periods 

(p<0.001).  

4.2 Change in Diet 

     In a recent publication by Johnson et al. (2005b) it was shown that Round Goby had become 

the main prey item of Smallmouth Bass in Lake Erie and that this had likely contributed to an 
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increase in the average body size of bass. Crane et al. (2015) suggested that this diet shift and 

subsequent increase in growth is likely mirrored in Lake Ontario. Since it was also found in this 

study that there has been a body size increase both in terms of length and weight (Figures 3 and 

4) it seems that Smallmouth Bass in the Eastern Basin of Lake Ontario and the Bay of Quinte 

have also become heavily reliant on Round Goby as their main diet source. Diet information in 

the GFS dataset is limited to only a subset of 353 bass that have been captured each year since 

1992, but while Smallmouth Bass historically depended primarily on crayfish as their main prey 

item, since 2004 there has been a very clear shift in diet to Round Goby (Figure 5). 

4.3 Change in Abundance through Time     

In examining the changes in numbers of bass caught by the OMNRF each year, it is clear 

that there has been a decrease in the number of bass captured. The data regarding the number of 

Smallmouth Bass captured was standardized to a “typical modern net” which is composed of 10 

panels of mesh made up of varying sizes ranging from 1.5” (38mm) mesh up to 6” (152mm) 

mesh. Each of the mesh panels in this typical net are 50’ (15.2m) long and the net is left to soak 

for 24 hours. In evaluating the factors that contribute to the capture of bass, increasing the 

amount of time that a net spent in the water did not increase the instance of capture of a 

Smallmouth Bass (Figures 6 and 7). In addition, the highest instances of capture tended to 

revolve around a 24 hour net set duration (Figure 7). For this reason, the nets over the entire time 

period were not standardized for set time, but were standardized for gear length where each panel 

was adjusted to be 50’ (15.2m) in length.   

     Figure 8 shows standardized CPUE of Smallmouth Bass caught at all gill net sites during the 

field season each year since 1958 and suggests a decrease in abundance. Nets that were set in 

areas that are considered to be the Eastern Basin of Lake Ontario were examined next in order to 
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determine if this trends was consistent across various sites in Lake Ontario (Figure 9). A similar 

trend is seen here where there has been a drastic decline in the number of bass captured since the 

early 1990s (Figure 9). It is possible that Smallmouth Bass may have shifted their habitat 

preference since the mid-1990s and therefore may not be living at the same locations where the 

nets are continually set year after year. This could contribute to the apparent decline in 

abundance. Smallmouth Bass may no longer be occupying these areas and this shift may account 

for the decrease in abundance observed in the data.  

     It is noteworthy that bass were historically caught at depths greater than 18 meters, but are no 

longer found there (Figure 10). Since this could be an indication of a habitat shift, the data from 

the shallow (less than 18 m) gill net sets were examined in more detail (Figure 11). There is also 

a decline in abundance in the shallow gill net sets, but the majority of bass living in the Eastern 

Basin of Lake Ontario appear to be occupying these shallower locations in recent years.  

     Since Smallmouth Bass seemed to be moving to shallower habitat types, they may have 

increased their abundance in the Bay of Quinte sites which are also shallower than 18 m. Data 

from the Bay of Quinte was therefore examined to determine if abundance had increased in a 

shallow regimen (Figure 12). This was not observed and Smallmouth Bass have largely 

disappeared from the Bay of Quinte as well. Since bass captures are still being reported in recent 

years, but there are very few records from deep Eastern Basin Lake Ontario sites or Bay of 

Quinte sites, the only reports of Smallmouth Bass are coming from the shallower nets in the 

Eastern Basin of Lake Ontario. Together, these results suggest that there has been a habitat shift 

that should be explored further.      
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4.4 Evaluating the Selectivity of Gill Nets 

Selectivity of gill nets was evaluated by dividing the time series into 7 time periods in 

order to better observe changes in selectivity through time (Figure 13). There is a clear difference 

between these selectivity curves, and it appears that the selectivity of the gill nets has changed 

over time although the nets themselves have not changed very much. In 1992, gill netting 

methods were standardized and the material of the net was changed from multifilament to 

monofilament mesh (Casselman and Scott, 1992). Casselman and Scott (1992) tested whether the 

new material would catch fish differently and found no significant difference associated with the 

gear change. Selectivity of the gill nets was still examined throughout the time period covered by 

the data set to look for selectivity changes that may be associated with other factors. These 

selectivity curves were used to adjust length frequency information for each of the mesh sizes in 

the 7 time periods. The original length frequency figures can be found in Appendix C, but since 

it was possible to calculate the selectivity for the gill net for the same time period, the 

frequencies could be adjusted to take the influence of the gear into account (Figure 14). Figure 

14 shows the selectivity adjusted length frequency as a proportion of the total catch of 

Smallmouth Bass for each of the 7 time periods and is divided into 5 length bins. These results 

suggest that there has been an increase in the number of smaller bass in more recent years.  

     Since it appeared that here has been an increase in the sub-adult bass population, the two 

smallest bins (100 and 200 mm) and the three largest bins (300, 400, and 500 mm) were 

combined to make sub-adult and adult categories. The proportions of these fish captured is 

shown as a selectivity adjusted length frequency figure (Figure 15). In the earliest time period, 

the proportion of sub-adults to adults was approximately 50/50 whereas in more recent years 
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there has been a notable change in composition with sub-adults making up approximately 75% of 

the catch (Figure 15).  

4.5 Predicting Adult Smallmouth Bass Abundance 

     In order to evaluate the environmental factors that may be contributing to a decline in 

Smallmouth Bass, multiple linear regressions were performed to identify the factors that best 

predict adult bass abundance. The El Niño index values and North Atlantic Oscillation (NAO) 

index values in previous years, and the presence of dreissenids and Round Goby were all 

considered as potential environmental predictors of Smallmouth Bass abundance in any 

particular year. Population-level predictors included the population growth rate, and the total 

CPUE from the Eastern Basin and the Bay of Quinte from the previous year.  

     Both the Eastern Basin (F(1, 54)=11.19, p=0.0015) and the Bay of Quinte (F(1, 54)=27.62, 

p<0.0001) populations were found to contribute to the overall CPUE for Smallmouth Bass in 

Lake Ontario. This indicated that one area was not contributing more significantly to the 

population than the other and that both must be considered when predicting bass abundance.   

     In examining environmental effects on abundance, NAO index values lagged both 4 years 

(F(1, 54)=4.26, p=0.044) and 5 years (F(1, 54)=3.91, p=0.053) were found to significantly 

predict Smallmouth Bass abundance. However, El Niño index values did not predict abundance 

in any of the linear regressions performed. Both dreissenid (F(1, 54)=3.76, p=0.058) and Round 

Goby (F(1, 54)=13.91, p=0.000461) presence significantly predicted Smallmouth Bass CPUE, 

with Round Goby presence having more statistical strength. The time period in which these 

invaders actually became abundant in Lake Ontario were also evaluated. Again both abundant 
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dreissenid presence (F(1, 54)=5.52, p=0.023) and abundant Round Goby (F(1,54)=8.75, 

p=0.005) were found to be predictors of adult Smallmouth CPUE.   

     Population growth rate was also examined from year to year as a cycling pattern was 

observed in the historical record, but was not seen in more recent years (Figure 16). The only 

factor that was indicated as a predictor of population growth rate was the CPUE of Smallmouth 

Bass from the Eastern Basin of Lake Ontario (F(1, 54)=4.26, p=0.044). However, this predictor 

may be confounded by the fact the population growth rate is a function of the total CPUE. 

Further investigation is needed in this area.  
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Figure 3a: Distribution of fork lengths of Smallmouth Bass caught in gill nets in Lake Ontario and the Bay of Quinte and retained for 

biological sampling during the months of June, July, and August. The mesh size in millimetres is shown along the x-axis and the mean 

fork length in millimetres is shown on the y-axis. The fork length versus mesh size figures have been divided into 7 time periods in 

Figures 3a-3d so as to better observe trends through time. The 400 mm fork length line was added for reference. 

 

 



 

34 
 

 

Figure 3b: Distribution of fork lengths of Smallmouth Bass caught in gill nets in Lake Ontario and the Bay of Quinte and retained for 

biological sampling during the months of June, July, and August. The mesh size in millimetres is shown along the x-axis and the mean 

fork length in millimetres is shown on the y-axis. The fork length versus mesh size figures have been divided into 7 time periods in 

Figures 3a-3d so as to better observe trends through time. The 400 mm fork length line was added for reference. 
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Figure 3c: Distribution of fork lengths of Smallmouth Bass caught in gill nets in Lake Ontario and the Bay of Quinte and retained for 

biological sampling during the months of June, July, and August. The mesh size in millimetres is shown along the x-axis and the mean 

fork length in millimetres is shown on the y-axis. The fork length versus mesh size figures have been divided into 7 time periods in 

Figures 3a-3d so as to better observe trends through time. The 400 mm fork length line was added for reference. 
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Figure 3d: Distribution of fork lengths of Smallmouth Bass caught in gill nets in Lake Ontario and the Bay of Quinte and retained for 

biological sampling during the months of June, July, and August. The mesh size in millimetres is shown along the x-axis and the mean 

fork length in millimetres is shown on the y-axis. The fork length versus mesh size figures have been divided into 7 time periods in 

Figures 3a-3d so as to better observe trends through time. The 400 mm fork length line was added for reference. 

 



 

37 
 

 

Figure 4a: Distribution of round weight of Smallmouth Bass caught in gill nets in Lake Ontario and the Bay of Quinte and retained 

for biological sampling during the months of June, July, and August. The mesh size in millimetres is shown along the x-axis and the 

mean round weight in grams is shown on the y-axis. The round weight versus mesh size figures have been divided into 7 time periods 

in Figures 4a-4d so as to better observe trends through time. The 1000g line was added for reference.  
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Figure 4b: Distribution of round weight of Smallmouth Bass caught in gill nets in Lake Ontario and the Bay of Quinte and retained 

for biological sampling during the months of June, July, and August. The mesh size in millimetres is shown along the x-axis and the 

mean round weight in grams is shown on the y-axis. The round weight versus mesh size figures have been divided into 7 time periods 

in Figures 4a-4d so as to better observe trends through time. The 1000g line was added for reference. 
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Figure 4c: Distribution of round weight of Smallmouth Bass caught in gill nets in Lake Ontario and the Bay of Quinte and retained 

for biological sampling during the months of June, July, and August. The mesh size in millimetres is shown along the x-axis and the 

mean round weight in grams is shown on the y-axis. The round weight versus mesh size figures have been divided into 7 time periods 

in Figures 4a-4d so as to better observe trends through time. The 1000g line was added for reference. 
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Figure 4d: Distribution of round weight of Smallmouth Bass caught in gill nets in Lake Ontario and the Bay of Quinte and retained 

for biological sampling during the months of June, July, and August. The mesh size in millimetres is shown along the x-axis and the 

mean round weight in grams is shown on the y-axis. The round weight versus mesh size figures have been divided into 7 time periods 

in Figures 4a-4d so as to better observe trends through time. The 1000g line was added for reference. 
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Figure 5: Diet composition of Smallmouth Bass as collected from 1992-2014. Bass were collected in gill nets set in the Eastern Basin 

of Lake Ontario and the Bay of Quinte by the Lake Ontario Management Unit and retained for biological sampling to obtain diet 

information. The percentage of total diet items is shown on the y-axis. For each year, the remainder of diet items is comprised of 

unidentifiable material.   

Legend 
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Figure 6: Net set duration in hours versus the number of bass captured in number of bass for all gill nets set in the Eastern Basin of 

Lake Ontario and the Bay of Quinte from 1958-2014 
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Figure 7: Net set duration in hours versus the number of bass captured in number of bass for all gill nets set in the Eastern Basin of 

Lake Ontario and the Bay of Quinte from 1958-2014. Set times longer than 50 hours have been omitted as they were rare and were not 

shown to increase catches of Smallmouth Bass (Figure 6). This figure reflects Figure 6, but catches higher than 60 fish were omitted to 

better see the relationship between net set duration and catch count of Smallmouth Bass. For captures of more than 60 fish, please 

refer to Figure 6. 
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Figure 8: Catch per unit effort of Smallmouth Bass in Gill nets at all Lake Ontario Management Unit set locations in the Eastern 

Basin of Lake Ontario and the Bay of Quinte. Catch counts have been adjusted to refelect a standard net comprised of ten 50’ panels 

of varying sizes of mesh ranging from 1.5” mesh up to 6” at 0.5” increments. These numbers reflect the catch per uint effort of 

Smallmouth Bass captured during the “field season” which includes the months of June, July, and August. The years in red along the 

x-axis show those classified as El Niño years by the National Oceanic and Atmospheric Administration (NOAA).  
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Figure 9: Catch per unit effort of Smallmouth Bass in Gill nets at Lake Ontario Management Unit gill net set locations in the Eastern 

Basin of Lake Ontario from 1958-2014. Catch counts have been adjusted to refelect a standard net comprised of ten 50’ panels of 

varying sizes of mesh ranging from 1.5” mesh up to 6” at 0.5” increments. These numbers reflect the catch per uint effort of 

Smallmouth Bass captured during the “field season” which includes the months of June, July, and August. The years in red along the 

x-axis show those classified as El Niño years by the National Oceanic and Atmospheric Administration (NOAA).  
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Figure 10: Catch per unit effort of Smallmouth Bass in gill nets at Lake Ontario Management Unit set locations in the Eastern Basin 

of Lake Ontario at sites with a bottom depth of 18m or deeper. Catch counts have been adjusted to refelect a standard net comprised of 

ten 50’ panels of varying sizes of mesh ranging from 1.5” mesh up to 6” at 0.5” increments. These numbers reflect the catch per uint 

effort of Smallmouth Bass captured during the “field season” which includes the months of June, July, and August. The years in red 

along the x-axis show those classified as El Niño years by the National Oceanic and Atmospheric Administration (NOAA).  
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Figure 11: Catch per unit effort of Smallmouth Bass in Gill nets at Lake Ontario Management Unit gill net set locations in the Eastern 

Basin of Lake Ontario at sites with a bottom depth of shallower than 18m. Catch counts have been adjusted to refelect a standard net 

comprised of ten 50’ panels of varying sizes of mesh ranging from 1.5” mesh up to 6” at 0.5” increments. These numbers reflect the 

catch per uint effort of Smallmouth Bass captured during the “field season” which includes the months of June, July, and August. The 

years in red along the x-axis show those classified as El Niño years by the National Oceanic and Atmospheric Administration 

(NOAA).  
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Figure 12: Catch per unit effort of Smallmouth Bass in Gill nets at the Lake Ontario Management Unit gill net set locations in the Bay 

of Quinte. Catch counts have been adjusted to refelect a standard net comprised of ten 50’ panels of varying sizes of mesh ranging 

from 1.5” mesh up to 6” at 0.5” increments. These numbers reflect the Smallmouth Bass captured during the “field season” which 

includes the months of June, July, and August. The years in red along the x-axis show those classified as El Niño years by the 

National Oceanic and Atmospheric Administration (NOAA).  
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Figure 13: Selectivity curves for gill nets set by the Lake Ontario Management Unit in the   

Eastern Basin of Lake Ontario and the Bay of Quinte during 7 time periods from 1958-2014. The 

x-axis shows the Smallmouth Bass fork length in mm while the y-axis shows the proportion of 

fish captured in the gear. These figures reflect only the Smallmouth Bass that were retained for 

biological sampling and do not include all bass captured. In addition, these figures represent the 

field season which includes the months of June, July, and August

2006-2014 
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Figure 14: Selectivity adjusted length frequency distributions of 

Smallmouth Bass captured in gill nets set by the Lake Ontario 

Management Unit at all sites in the Eastern Basin of Lake Ontario 

and the Bay of Quinte. These numbers reflect only the bass that 

were retained for biological sampling and do not include all bass 

captured. The x-axis shows the fork length in mm while the y-axis 

shows the proportion of bass caught per each time period. All 

numbers shown in Figure 14 have been adjusted using the gill net 

selectivity values calculated by the assessment of the gear shown 

in Figure 13. Selectivity adjusted length frequencies have been 

divided into 7 time periods so as to better observe trends through 

time.  
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Figure 15: Selectivity adjusted length frequency distributions of 

Smallmouth Bass captured in gill nets set by the Lake Ontario 

Management Unit at all sites in the Eastern Basin of Lake Ontario 

and the Bay of Quinte. Fish shorter than 300mm have been binned 

together as sub-adults and fish longer than 300mm have been 

binned together as adults. These numbers reflect only the bass that 

were retained for biological sampling and do not include all bass 

captured. The x-axis shows the fork length in mm while the y-axis 

shows the proportion of bass caught per each time period. All 

numbers shown in Figure 15 have been adjusted using the gill net 

selectivity values calculated by the assessment of the gear shown 

in Figure 13. Selectivity adjusted length frequencies have been 

divided into 7 time periods so as to better observe trends through 

time.   
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Figure 16: Population growth rate of Smallmouth Bass from 1958-2014 as calculated by subtracting the previous year’s CPUE from 

the year of interest. The red line has been added as the 0 reference line so as to more easily observe years of negative and positive 

population growth.   



 

58 
 

Chapter 5: Discussion 

     Smallmouth Bass in Lake Ontario have experienced measurable changes in the past 57 years. 

Over this time period, bass have shown an increase in body size  as observed by both increased 

body length and weight. Although body size has increased, abundance has not increased over this 

same time frame. The size structure of the Smallmouth Bass population has shifted to a higher 

proportion of sub-adult bass in more recent years when compared to historical records. Finally, a 

habitat shift and a change in diet have also been indicated by the data presented in this study. 

These findings suggest that Smallmouth Bass in Lake Ontario and the Bay of Quinte have 

undergone a change in abundance and ecology over the past 57 years.  

5.1 Changes in Body Size 

     Results of this thesis indicate that there has been both a change in the size structure of the 

population of Smallmouth Bass in Lake Ontario as well as altered selectivity of the gill nets used 

in the sampling program. Smallmouth Bass have been found to have increased not only in body 

length, but also in weight. Smallmouth Bass that have been captured in the past 18 years are 

longer than any other bass previously captured in the data series. In addition, the weight of 

Smallmouth Bass is higher during this same time period as compared with the rest of the data. 

This indicates that the body size of Smallmouth Bass has increased in the past 20 years and that 

the bass we observe today are longer and larger than at any other time period in recorded Lake 

Ontario history.  

     Smallmouth Bass in the New York waters of Lake Ontario and in Lake Erie have experienced 

an increase in body condition since 1993 which has been attributed to the arrival of Round Goby 

(Crane et al., 2015). Round Goby presented a new and abundant prey item for Smallmouth Bass 
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which is hypothesized to contribute to faster growth and a larger body size (Crane et al., 2015). 

Crane et al. (2015) reported that the average size of Smallmouth Bass sampled from 1993-2004 

was greater than those sampled from 2005-2012. The time period of the study presented here is 

not identical to those reported by Crane et al. (2015), so the results appear slightly different. A 

clear difference was seen by Crane et al. (2015) in the bass captured from 1990-1997 and the 

bass captured from 1998-2014 where the bass in the latter time period were larger. No significant 

difference was found in the LOMU data set between the fork lengths of the bass captured from 

1998-2005 and 2006-2014 even though these two time periods showed bass that were longer 

than had been seen in any other time period. In addition, when comparing average body weight 

of Smallmouth Bass during these two most recent time periods, there was no statistically 

significant difference observed. 

     Steinhart et al. (2004b) have also noted that the presence of Round Goby in Lake Erie 

contributed to an increase in the growth rate of young-of-the-year Smallmouth Bass. The young-

of-the-year that consume Round Gobies are able to begin eating fish sooner in their first growing 

season and so can grow larger before they overwinter (Steinhart et al., 2004b). This ability to 

grow larger before the winter months increases their survival (Steinhart et al., 2004b). Higher 

growth rates after the introduction of Round Goby was indicated in this study as well as is shown 

in the change in the selectivity of the gill nets (Figure 13), and the Smallmouth Bass sampled 

with gill nets have been reaching larger sizes since the arrival of Round Goby.     

     In addition to noted increases in Smallmouth Bass body size, Lake Ontario bass are becoming 

recognized by anglers as an excellent source of large, trophy sized fish. Interest in recreational 

fishing in Lake Ontario has been increasing and there has been a recorded movement of anglers 

from smaller inland lakes to the larger waters of Lake Ontario in order to target Smallmouth Bass 
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(Kerr, 2012). Since the recreational fishing of Smallmouth Bass represents a large source of 

economic input for the province of Ontario, a reputation of large bass in Lake Ontario can serve 

to benefit the province.  

     Based on the literature and the data presented here, Smallmouth Bass in Lake Ontario are 

larger than they have ever been before. However, an increase in body size does not necessarily 

translate to an increase in relative abundance.  

5.2 Diet Shifts  

     A diet change was found within the population of Smallmouth Bass in Lake Ontario. Stomach 

contents from fish captured in gill nets from 1992-2014 were examined and the diet items were 

identified and recorded. The preferred prey of Smallmouth Bass in Lake Ontario and the Bay of 

Quinte shifted from Rusty Crayfish to Round Goby after the arrival of Round Goby in 1999 

(Figure 5). This finding is consistent with the results of several studies on Lake Ontario 

Smallmouth Bass, as well as with Smallmouth Bass from other Great Lakes (Johnson et al., 

2005b; Mills et al., 2005; Taraborelli et al., 2010; Crane et al., 2015).  

      As mentioned above, Crane et al. (2015) suggested a change in Smallmouth Bass diet in 

Lake Ontario that would mimic the observed diet shift in Lake Erie where the bass population 

began consuming Round Goby soon after this novel prey item arrived in the system. Johnson et 

al. (2005b) noted that Smallmouth Bass diet in Lake Erie was comprised of 75% Round Goby. 

At the time of that study Round Goby had been present in Lake Erie for 11 years, had been 

successful in establishing a presence throughout the lake in a matter of four years, and had 

become a diet staple for Smallmouth Bass (Steinhart et al., 2004b; Johnson et al., 2005b). In 

Lake Ontario, Taraborelli et al. (2010) reported that Round Goby account for 20-50% of the prey 
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items found in the stomach contents of Smallmouth Bass captured in both the Upper and Lower 

Bay of Quinte during the spring and summer seasons. Johnson et al. (2005b) also noted that 

Round Goby is a particularly aggressive competitor due to their ability to establish a population 

in a new area very rapidly and to reach high densities in a relatively short period of time. This 

ability to colonize an area has also been noted in Lake Ontario by Balshine et al. (2005). 

Balshine et al. (2005) showed that Round Gobies are successful at establishing territories and 

excluding native species from preferential habitats, which contributed to the decline of the native 

species. This evidence of Round Gobies outcompeting native species for territory and food 

sources indicates that they are able to become the most abundant small benthic fish species in 

Lake Ontario. Due to a lack of variety of prey items, predators like Smallmouth Bass may be 

forced to consume Round Goby as their man food source.    

     Previous to the invasion of Round Goby, Smallmouth Bass preferentially fed on crayfish 

whereas now they have shifted to a Round Goby dominated diet. Round Goby and crayfish are 

both benthic species that prefer the same substrate type and likely overlap in range within Lake 

Ontario (Steinhart et al., 2004b). As mentioned above, Round Goby is quite aggressive and is 

able to establish territories in its preferred locations. Thus, it is possible that gobies are actively 

competing with crayfish for territory. In addition, it has been reported that gobies consume 

crayfish as part of their diet (Corkum et al., 2004). If their success in reducing the abundance of 

native fish species is any indication of how well Round Gobies are able to compete with current 

residents of Lake Ontario such as Logperch (Balshine et al., 2005), they may also be depleting 

the numbers of crayfish. Edwards et al. (2009) reported that all species of crayfish have 

experienced declines in the 100 Ontario lakes that were sampled. It was hypothesized that these 

declines were due to decreases in in Al and Ca in the sampled lakes (Edwards et al., 2009). If a 
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similar mechanism is contributing to a decline in crayfish in Lake Ontario, its effects may be 

compounded by the competition for habitat with Round Goby. Although the reason for the 

extreme change in Smallmouth Bass diet from crayfish to Round Goby is not entirely clear, the 

new diet may be contributing to an increase in body size.       

     While the increased reliance on Round Goby as a diet item of Smallmouth Bass has 

contributed to a higher growth rate and a larger body size of bass, there have also been some 

concerns raised about this new energy pathway. Round Gobies are known to consume dreissenid 

species as a main component of their diet (Campbell et al., 2009). The transfer of energy, and 

potentially contaminants from dreissenids to top predators such as the Smallmouth Bass is a 

novel mechanism in Lake Ontario. Dreissenids species are filter feeders that have been shown to 

incorporate metals from the water into their bodies during growth, especially when water 

temperatures are high (Al-Asam et al., 1998). There is concern that these metals could be 

transferred to Round Gobies and then onto Smallmouth Bass which may in turn pass them along 

to humans when bass are harvested and consumed. Although there has been a decline in the 

amount of mercury in the sediments of Lake Erie, Smallmouth Bass have continued to show a 

consistent level of mercury in their tissues (Hogan et al., 2007). As Smallmouth Bass continue to 

consume Round Gobies over the course of their lifetime, they may reach a higher concentration 

of mercury than was historically observed (Hogan et al., 2007).    

5.3 Changes in Abundance  

     Smallmouth Bass have experienced a decline in relative abundance at all locations sampled 

by the Lake Ontario Management Unit. Decreases since the late 1980s have been observed 

throughout all of Lake Ontario and the reasons for this decline are still unclear. One possible 

cause of the decline is an increase in recreational fishing pressure on Smallmouth Bass. Black 
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bass species, including Smallmouth and Largemouth Bass, are the most sought after recreational 

fish species in Ontario (Kerr, 2012). According to Kerr (2012), there has also been an increase in 

the number of recreational fishing tournaments that target black bass species in Ontario and more 

of these are occurring on Lake Ontario. The information from Kerr (2012) suggests that 

recreational fishing has probably increased during the same time period that Smallmouth Bass 

abundance has declined, and so fishing may be a factor in the decline through harvest, or catch-

and-release angling during the spawning and nesting seasons. The removal of large, sexually 

mature adults from the population through harvest can have a direct, negative impact on the 

number of eggs and fry that could be produced in future spawning seasons. Additionally, catch-

and-release angling outside of the fishing season can indirectly impact the Smallmouth Bass 

population through nest failure. Smallmouth Bass nests are vulnerable to predation when the 

guarding male bass is removed by anglers, and this potential avenue for egg loss could contribute 

to a decline in the population (Steinhart et al., 2004a).          

     There are several other potential explanations for the decline in Smallmouth Bass based on 

information from the literature. Other possible factors include cormorant predation, a shift in 

habitat preference, and a response to changing environmental conditions. It has been reported 

that cormorant predation of sub-adult (<305mm) Smallmouth Bass in the American waters of 

Eastern Lake Ontario was likely the largest factor that contributed to one of the most notable 

declines in the time series (Lantry et al., 2002). This decline began after the observation of large 

year classes in the late 1980s and was recorded well into the 1990s with the lowest numbers of 

Smallmouth captured in 1995 (Lantry et al., 2002). A similar trend was seen as in the current 

study with very large year classes of Smallmouth Bass appearing in the gill net gear in the late 

1980s and then rapidly declining to their lowest point in 1996. Lantry et al. (2002) examined 
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numerous other factors that may have contributed to this decline including food availability and 

water quality, but found that the most likely explanation for this large decline of sub-adult 

Smallmouth Bass was Double-crested Cormorant predation.  

     Since the arrival of Round Goby in Lake Ontario in 1999, there has been a diet shift of 

Double-crested Cormorants to a predominantly goby dominated diet in both the western (Somers 

et al., 2003) and eastern basins (Johnson et al., 2010) of Lake Ontario. Historically, Double-

crested Cormorants have been shown to consume predominantly Alewife with cormorant 

abundance tightly linked to Alewife abundance (Mills et al., 2005). Examination of the stomach 

contents of cormorants two years after Round Goby arrival in the western basin of Lake Ontario 

indicated that the main diet item of cormorant chicks was still Alewife, but the second most 

abundant diet item was Round Goby (Somers et al., 2003). In addition Somers et al. (2003) 

reported that cormorant consumption of sport species, including Smallmouth Bass, was 

negligible. A similar finding was reported by Johnson et al. (2010) in the eastern basin of Lake 

Ontario when comparing the diet of cormorants before and after Round Goby invasion. In 

examining cormorant pellets Johnson et al. (2010) discovered that the main prey item was Round 

Goby. The switch to Round Goby as the main diet item of cormorants indicates that there is 

likely less top down pressure on sub-adult Smallmouth Bass in Lake Ontario.  

     As was mentioned above, the arrival of Round Goby in Lake Ontario contributed to a higher 

growth rate of young-of-the-year Smallmouth (Steinhart et al., 2004b) as well as an overall 

increase in body weight and length. Perhaps this increase in growth rate and larger body size 

decreases the time period where Smallmouth Bass are vulnerable to cormorant predation. When 

combined together, the decrease in cormorant abundance, the decline in predation pressure on 

sub-adult Smallmouth Bass by cormorants, and a higher growth rate of sub-adult Smallmouth 



 

65 
 

Bass, suggests that cormorant predation on Smallmouth Bass may not be a critical element when 

looking at future abundance.    

5.4 Habitat Preference  

     Based on the gill net data collected by OMNRF, it appears as though there has been a shift in 

habitat preference of Smallmouth Bass from deep sites (>18 m) in Lake Ontario and all sites in 

the Bay of Quinte to predominantly shallow (<18 m) sites in Lake Ontario. Smallmouth Bass 

have all but disappeared from the Bay of Quinte and from the deep sites in Lake Ontario. The 

reasons for this shift are not clear, but may be due to the arrival of non-native dreissenids 

species. 

     The change from Smallmouth Bass occupying deep Lake Ontario sites and sites in the Bay of 

Quinte to shallower locations in the lake occurred in the early 1990s. This event coincides with 

the time period where dreissenids species became abundant in Lake Ontario after their initial 

arrival in 1989 (Griffiths et al.,1991; Mills et al., 1993). Currently there is no reported link 

between dreissenids and Smallmouth Bass habitat shifts, but these results suggest that this may 

be an important issue. Dreissenids are known to alter the landscape of the lake bottom, and it is 

possible that Smallmouth Bass may react to these changes in a way that we do not yet 

understand. In order to examine this habitat shift more closely, various environmental factors, 

including the presence or absence of dreissenids, were examined with regards to their 

relationship with adult Smallmouth Bass abundance.  

     According to Hecky et al. (2004), dresissenids have altered the lake in such a way that 

phosphorus is now directed away from the offshore and into the nearshore. Thus higher 

productivity now occurs in nearshore benthic zones of Lake Ontario (Hecky et al., 2004). It has 
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been demonstrated by Steinhart et al. (2004b), Johnson et al. (2005), and Taraborelli et al. 

(2010) as well as in this study, that Smallmouth Bass are able to take advantage of this additional 

energy in the nearshore benthos through their consumption of Round Gobies. This abundance of 

energy in a novel area is likely a strong factor in their apparent habitat shift.  

     As was outlined by Hecky et al. (2004), increases in phosphorus in the nearshore zone can 

lead to increased abundance of both algae and aquatic vegetation. High densities of aquatic 

vegetation are often associated with muddy substrate and so this increase in phosphorus in the 

nearshore may have contributed to a change in the habitat characteristics of the Bay of Quinte. 

Since Smallmouth Bass prefer areas with rocky substrates and clear water, the Bay of Quinte 

may no longer be a preferential habitat for Smallmouth Bass and this change could have 

facilitated a habitat shift towards the Eastern Basin of Lake Ontario.  

5.5 Factors that Affect Adult Smallmouth Bass Abundance  

     Smallmouth Bass abundance is dependent upon a variety of environmental factors. In this 

study the effects of various environmental factors including El Niño events, the NAO, and the 

presence or absence of dreissenids species and Round Goby, were examined to determine which 

of these may be most important in predicting adult Smallmouth Bass abundance. 

5.5.1 El Niño and the North Atlantic Oscillation  

     Results from the linear regression analysis only indicated a relationship between the NAO 

indexes lagged 4 and 5 years and Smallmouth Bass CPUE. There was no link found between El 

Niño index values and Smallmouth Bass CPUE.  Although this appears to conflict with the 

results of numerous other published studies on this topic, most other investigations into this 

relationship were focused on Smallmouth Bass recruitment (Watt, 1959; Forney, 1970; King et 
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al., 1999; Casselman et al., 2002). In the current study, the connection between El Niño events 

and adult relative abundance was examined. In this analysis, there was no significant relationship 

between these two variables. There are a few possible reasons for this. As noted by Lantry et al. 

(2002), large Smallmouth Bass that are captured in gill nets are likely older than 6 years old 

since Smallmouth Bass are estimated to recruit to the gear anytime between age 3 to age 5. It is 

possible that these bass are not affected as strongly by changes in water temperature and El Niño 

events as young of the year bass. The relationship between El Niño events and increased 

Smallmouth Bass recruitment has been well documented and established (Forney, 1970; 

Casselman et al., 2002), but it appears as though these events do not continue to affect bass in 

the same way throughout their lifetime. 

     In this time series, a change in population growth rate has been observed where the change in 

population size from year to year appeared to fluctuate more dramatically in the historical record 

when compared to recent years (Figure 16). The stabilization of population growth rate appears 

to have occurred soon after the arrival of dreissenids in Lake Ontario (Figure 16). This indicates 

that the climatic factors evaluated in this study affect bass populations differently depending on 

the time period being examined. Dividing the time series into periods characterized by 

significant ecological changes,  such as the arrival of dreissenids, and the arrival of Round Goby, 

could provide insight on how climatic variables have affected bass populations in the past and 

how these effects are the same or different than what is observed today. 

5.5.2 Non-Native Species 

     Dreissenids were found to be a significant predictor of increased adult bass CPUE. The 

increase in CPUE associated with dreissenids may not be due to the mussels themselves, but is 

likely a byproduct of an increase in water clarity due to their water filtering properties. Sweka 
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and Hartman (2003) found that Smallmouth Bass foraging success and prey consumption was 

linked to water clarity and that bass were more likely to consume prey when turbidity was low. 

This indicates that Smallmouth Bass rely heavily on vision for successful foraging and prey 

capture. An increase in water clarity as brought on by dreissenid presence (Vanderploeg et al., 

2002; Mills et al., 2005) could therefore be linked to an increase in foraging success and 

potential survival of adult Smallmouth Bass.   

     As mentioned, the presence of dreissenids allocates more energy to the benthic habitat and 

away from pelagic zones (Mills et al., 2005; Hecky et al., 2015). Mills et al. (2005) suggested 

that fish species that are able to take advantage of the benthic zone will thrive in this new energy 

pathway. Since Smallmouth Bass adults have been shown to have taken advantage of this new 

pathway through Round Goby consumption, it is likely that their increase in abundance as linked 

to dreissenids may be caused by a sharing of habitat in the benthic zone. Smallmouth Bass 

consume Round Gobies which feed on dreissenids species; this allows them to take advantage of 

a higher concentration of energy in the benthic environment. This was also supported by the 

results of the linear regression analysis as it related to Round Gobies where Round Goby 

presence was a significant predictor of increased adult Smallmouth Bass CPUE. 

5.6 Evaluating Selectivity of Gill Nets  

     In 1992, the OMNR (now OMNRF) changed their sampling protocol and adjusted the type of 

material used for gill nets from multifilament to monofilament mesh. Previous to this change, 

paired gill nets had been set together in order to evaluate whether the selectivity of the gill net 

was altered by the change in material (Casselman and Scott, 1992). Casselman and Scott (1992) 

did not find a significant difference in selectivity during this testing, but Smallmouth Bass was 

not one of the species that was evaluated. For this study it was important to examine selectivity 
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of Smallmouth Bass in the gill nets throughout the entire time period. Gill net selectivity of 

Smallmouth Bass was found to change over time as was determined by looking at the 1958-2014 

time series which was broken down into 7 time periods. In more recent years, Smallmouth Bass 

were shown to be growing faster and “jumping” through the mesh sizes as opposed to a slow 

gradual movement through the various mesh sizes in the net as would be expected with slow, 

continuous growth (Figure 13). This finding provides further evidence that Smallmouth Bass 

have recently been growing faster and larger when compared to historical time periods. Figure 

13 shows the selectivity curves in recent years which reveal a steep increase up to a large mesh 

size and do not slope away on either side of the peak as would be predicted if the population was 

evenly distributed around a median length that is captured by the medium sized gill net mesh. In 

recent years, there are large Smallmouth Bass that the gill nets may not be capturing and so these 

fish are being missed through this sampling method.  

     Selectivity curves were used to adjust the length-frequency distributions for the same time 

periods to account for the gear bias. This method provides a better representation of the true 

distribution of the population without the influence of the gear (Walker et al., 2013). In more 

historical time periods, the number of sub-adults and adults is approximately equal (Figure 15) 

whereas more recently the abundance is skewed towards the sub-adults (Figure 15).  

     There may be several reasons why more sub-adults have been observed in recent years. First, 

as shown when looking at gill net selectivity, it appears as though there are large bass that are 

being missed by the gear. This omission may be due to the fact that Smallmouth Bass are larger 

bodied now than in previous time periods and are not as susceptible to the gear. An 

underestimation of adults through this mechanism could contribute to the lower numbers of 
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adults seen in recent years. However, even when adjusting the frequency of capture in order to 

account for this issue, there are still many fewer adults than sub-adults present in the data.  

     A second cause for this difference could be the rapid growth of sub-adults that was observed 

in this study. Sub-adult bass may be recruited to the gear much more quickly as a result of their 

rapid growth. As noted by Steinhart et al. (2004b), higher growth rate of juveniles due to Round 

Goby consumption also increases overwinter survival and therefore likely contributed to an 

increase in sub-adults in the population. An increase in growth rate could be examined further by 

processing age data based on scales that were collected from these fish. The age of the fish as 

determined by the scales could be used to evaluate if sub-adult bass are recruiting to the gear at a 

younger age in more recent time periods. If sub-adult bass are susceptible to gill nets at an earlier 

age in the more recent data record, this would indicate that they are growing more quickly. 

Additionally, a reduction in cormorant predation as noted by Mills et al. (2005) could also 

contribute to an increase in sub-adult abundance that was not previously seen in any other time 

period. 

     Finally, the potential suppression of sub-adult bass by adult bass is an avenue that requires 

further investigation. Ridgway et al. (2002) suggest that sub-adult Smallmouth Bass abundance 

is influenced by the abundance of adult bass present in the same locations. This was seen in Lake 

Opeongo where high abundance of adult bass forces sub-adults to search for longer periods of 

time and for further distances for territory and resources (Ridgway et al., 2002). If this same 

mechanism is in place in Lake Ontario, the decline in numbers of adult Smallmouth Bass in 

recent years could have provided the opportunity needed for sub-adult abundance to increase.   
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     To my knowledge, there is no information published about selectivity corrected frequencies 

of Smallmouth Bass and the abundance of sub-adult bass in Lake Ontario. This could be an area 

to concentrate further study. Results from this study show that the evaluation of selectivity 

improves relative abundance estimates of fish species. In order for any fish to be counted, it must 

encounter the net, become entangled in the net, and remain within the mesh (Bravener and 

McLaughlin, 2013). This study was able to address the habitat changes that alter the instances of 

encountering the net, while also investigating the changes in selectivity of the gear that may 

influence abundance estimates. I believe that this is a beneficial approach as it addresses all 

stages where individuals may be missed through either a poor site choice based on the habitat, or 

through the bias of the gear.  

5.7 Limitations and Future Directions  

     This study relied heavily on the data collected over a 57 year time period by the OMNRF. 

The data set examined here is one of the longest running freshwater fisheries data series in the 

world and is a true testament to the hard work and commitment of the biologists and technicians 

that maintain it from year to year. The value of a data series such as this cannot be overstated. 

Without the extensive information collected from this field program over the years, this study 

would not have been possible. The ability to monitor a species through time in order to examine 

the long-term changes it undergoes can give us great insight into how the ecology of the species 

has been influenced by various physical and environmental factors.  

     Future study in this area, if it were to focus on one species in particular, may benefit from the 

use of randomized net set locations. The use of randomly selected locations within a particular 

area could give a better representation of the overall community dynamics in the area without the 

bias introduced by using the same site locations each year. In addition, the use of randomized 
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nets would allow more shallow sites to be sampled which would provide more information on a 

potential habitat shift of Smallmouth Bass. 

     Another avenue for future research is the use of occupancy modeling. Although this approach 

for population analysis was considered for this study, it was not pursued because the data set was 

so large and there would be too much uncertainty for this analysis. It was therefore concluded 

that a confident estimate of occupancy and detection was not possible.  

     The occupancy methods used by MacKenzie et al. (2002) dictate that the data must be 

collected by visiting specific sites multiple times within the same season. From this data 

collection, the species in question will either be detected or not detected (Bailey et al., 2004). 

The end result of this method gives an estimate of the proportion of sites that are occupied ѱ, 

even when we know that an individual of the species may not be detected although it may be 

living in the area at the time of the sampling event (Bailey et al., 2004). At each site, the species 

is either detected or not detected. If the species is detected, then the site must be occupied, ѱ x p 

(Bailey et al., 2004). If however, the species is not detected, then the species is present but not 

detected, ѱ x (1 - p), or is not present, (1-ѱ) (Bailey et al., 2004). Areas where a particular 

species is truly not present is referred to as a structural zero, while an area where a species is 

present but is not detected is called a sampling zero (Royale, 2006). 

    This method has been used in other studies when practices such as mark-recapture are too 

costly and when the long-term monitoring of the species of interest is impractical with traditional 

methods (Bailey et al., 2007). By using presence and absence data, we are able to determine 

changes in site occupancy over time by sampling the same areas at different periods of time 

(McKenzie et al., 2006). In addition, Mackenzie et al. (2002) argue that the larger the data set is, 
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the more accurate are the estimations made regarding abundance and these estimations can be 

very close to the true values, even when the detection probability of the species of interest is low. 

Since the GFS data spans such a long time period and samples the same locations each year, it is 

a prime data set for this type of analysis. 

     This data set is ideal for this type of analysis in that it is very large and has repeated sampling 

of set locations multiple times each season and across multiple seasons. This means that the 

estimations derived from this data are more likely to be close to the true abundance even when 

detection probability is low (MacKenzie et al., 2002). This is because species detection 

probabilities are not always 1, and they are not constant across time and sites (Bailey et al., 

2004). However, in this dataset, a large number of sampling events combined with very limited 

detection of Smallmouth Bass does not allow accurate occupancy estimates to be made. 

Therefore, further sampling in habitats that are more likely to support Smallmouth Bass would 

allow this analysis to provide reliable information.  

     This model also allows the incorporation of covariate information such as habitat type, 

weather, water temperature, predation, invasive species, and other environmental variables as 

well as allowing for missing observations (for example: less visits in a particular year, changes in 

set duration). The collection of additional habitat information could be added to the protocol for 

future years in order to answer more specific questions about the effects of environmental factors 

on occupancy and detection of Smallmouth Bass.  
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Chapter 6: Summary and Conclusion 

     Lake Ontario has undergone numerous environmental and physical changes in the past half 

century, many of which still have consequences today. The use of long-term data sets is the only 

way to monitor these changes and examine cumulative impacts in order to determine how they 

affect the species in Lake Ontario. Understanding how economically important species such as 

Smallmouth Bass respond to environmental perturbations and how their ecology and population 

sizes have changed over time is extremely important information for future management and 

conservation efforts.  

     By examining this long-term data set, new information about Smallmouth Bass abundance 

and ecology was obtained. There has been an increase in the body size of Smallmouth Bass as 

characterized by an increase in both length and weight. The increase in body size was attributed 

to the arrival of the Round Goby in Lake Ontario and the subsequent diet shift of Smallmouth 

Bass from mainly crayfish to this novel and abundant prey item.  

     Despite an increase in body size, there was not an increase in relative abundance. Smallmouth 

Bass have declined significantly in numbers since the late 1980s and have yet to rebound to the 

historic amounts. Although there seems to be a gradual increase in Smallmouth Bass captures, 

these increases pale in comparison to the historic record. There are various reasons for this but 

one of the main causes cited in this study is the potential habitat shift that may have occurred. It 

appears that Smallmouth Bass have shifted their preferential habitat range from deep sites in 

Lake Ontario and sites in the Bay of Quinte to shallow sites in Lake Ontario. This may be 

contributing to the perceived decline as less than half of the nets set in Lake Ontario are set at 

shallow locations. 
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     The selectivity of gill nets changed throughout the time series (Figure 14). This is likely 

attributed to the increase in the growth rate of Smallmouth Bass as a result of the Round Goby 

invasion and may not be a factor related to the net itself. Smallmouth Bass are larger now than 

they were historically and so are being selected by the gill net differently. Taking into account 

this change in selectivity, there were more sub-adult type bass captured in modern times as 

compared with the historical data. Again, this is most likely a factor associated with the Round 

Goby invasion and the subsequent increase in growth rate of small bass which allows them to 

recruit to gill nets at an earlier age.     

     This study contributed to the overall knowledge of Smallmouth Bass in Lake Ontario. Until 

now, no comprehensive study encompassing such a large time span has been published on the 

ecology of Smallmouth Bass. I believe that long-term data sets are extremely useful tools for 

examining the changes that a particular species has undergone. Without this thorough 

assessment, current ecology of any one particular species cannot be fully understood. Based on 

the findings presented here, the arrivals of both dreissenid mussels and the Round Goby are 

arguably the most important factors in the history of Smallmouth Bass ecology. However, this 

conclusion would not have been reached without the use of this extensive data series. This study 

clearly demonstrates that long-term studies are critically important to the field of ecology.  
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Appendix A:  Number of gill nets set at each location within Lake Ontario  

Table 1: Number of gill nets set at each location type each year. The number of nets here 

represents only those set during the June, July, August field season. 

Year Bay of 

Quinte 

Deep 

Lake  

Sites 

Shallow 

Lake 

Sites 

1958 19 2 0 

1959 19 20 32 

1960 10 0 0 

1961 7 48 0 

1962 6 37 4 

1963 7 18 6 

1964 4 0 6 

1965 3 2 1 

1966 1 13 10 

1967 7 17 0 

1968 3 16 0 

1969 4 27 0 

1970 0 18 0 

1971 0 24 0 

1972 19 21 3 

1973 18 20 10 

1974 22 18 11 

1975 26 22 10 

1976 30 23 3 

1977 26 20 7 

1978 30 21 1 

1979 30 20 1 

1980 30 19 0 

1981 10 38 1 

1982 9 20 1 

1983 9 15 1 

1984 10 11 2 

1985 3 21 1 

1986 9 40 36 

1987 10 41 34 

1988 17 71 48 

1989 25 145 39 

 

 

Year Bay of 

Quinte 

Deep 

Lake  

Sites 

Shallow 

Lake 

Sites 

1990 84 137 31 

1991 48 123 36 

1992 18 61 127 

1993 3 62 106 

1994 18 62 52 

1995 12 44 32 

1996 12 43 36 

1997 18 81 38 

1998 18 82 37 

1999 18 71 52 

2000 12 100 46 

2001 16 84 56 

2002 16 84 56 

2003 14 116 56 

2004 14 118 54 

2005 14 112 52 

2006 12 86 54 

2007 14 96 52 

2008 14 102 54 

2009 14 112 60 

2010 10 98 50 

2011 14 122 50 

2012 14 88 46 

2013 14 114 46 

2014 20 138 56 
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Appendix B: Gill net selectivity curve calculations 

 

The size distribution within each mesh size is calculated. From this, the mean length of fish 

captured in each mesh size is derived.  

The mean length values are then used within the following distributions: 

 Normal 

 Log-normal 

 Gamma  

 Location normal 

 Inverse Gaussian 

Gill net selection curves are most often bell-shaped, and so normal, log-normal, and gamma 

distributions are the most often used as they are the most useful when describing bell shaped 

curves.  

The means calculated from the different distributions are then compared to the true means from 

the data and the one which best represents the data (highest delta AIC value) is chosen as the best 

distribution.  

Selection values are calculated from the data that has been fit to the chosen distribution and then 

are plotted to give the selectivity curve for the specified time period.  

These methods are based on those developed by Walker et al. (2013) and so a more complete 

explanation of the use and development of selectivity curves for gill net data can be found in 

their report. 

 

 

 

 

 

 

 



 

87 
 

Appendix C: Length frequency distributions of Smallmouth Bass captured in gill nets set by 

the Lake Ontario Management Unit  
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Figure 1: Length frequency distributions of 

Smallmouth Bass captured in gill nets set by 

the Lake Ontario Management Unit at all 

sites in the Eastern Basin of Lake Ontario 

and the Bay of Quinte. These numbers 

reflect only the bass that were retained for 

biological sampling and do not include all 

bass captured. The x-axis shows the fork 

length in mm while the y-axis shows the 

proportion of bass caught per each time 

period. Length frequencies have been 

divided into 7 time periods so as to better 

observe trends through time.  

 

 

 

 

 


