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Abstract: 

 This three year study (2012-2014) investigated the age and growth parameters of two 

economically important recreational fish species, Smallmouth Bass (Micropterus dolomieu) and 

Largemouth Bass (Micropterus salmoides). Age and length data were obtained for both species 

through sampling at competitive fishing events held on Lake Ontario and the Bay of Quinte. 

Scales, dorsal spines, and otoliths were used to determine age in both species. The results of this 

study found that scales and dorsal spines were effective aging structures for fish up to an age of 9 

in Smallmouth Bass, and 7 in Largemouth Bass. As previously demonstrated, otoliths were 

found to be an effective aging structure at all ages. A comparison of the aging structures for 

tournament bass indicated that scales would be an effective aging structure for most tournament 

caught Smallmouth Bass, while otoliths would be required to effectively age tournament caught 

Largemouth Bass. Growth was determined through back calculation of length-at-age. Growth in 

Lake Ontario Smallmouth Bass was found to be greater than growth in Largemouth Bass, which 

is in contrast to findings of growth studies on other North American bass populations. Growth in 

present day Smallmouth Bass also exceeds growth of historical Smallmouth Bass from Lake 

Ontario. The results of this growth study indicate that there has been a recent change in the 

ecology of Lake Ontario Smallmouth Bass populations that makes it unique relative to other 

North American populations. The potential of competitive fishing tournaments as an assessment 

tool for recreationally important fish populations in large water bodies is demonstrated through 

this study. Although tournaments are biased towards the older fish in a population, data obtained 

through tournaments can provide information about an important component of the population 

that is not well represented with other sampling approaches. Using this information, fisheries 
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managers are able to more fully understand and better manage recreationally important fish 

populations for sustainable use.  
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Chapter 1: Introduction 

Canada’s recreational fisheries are amongst the best in the world. With over two million 

lakes and rivers, Canada’s freshwater fisheries represent a significant socio-economic resource. 

In 2010, Fisheries and Oceans Canada estimated that Canada’s recreational fisheries contributed 

8.3 billion dollars to various local Canadian economies. In 2010, a third of 2.7 million resident 

anglers (anglers fishing in their home provinces) fished in Ontario, making it the most popular 

fishing province in Canada (Fisheries and Oceans Canada, 2012).  

In view of the value of recreational fisheries, there has recently been considerable effort 

to understand how they function and their potential for sustainability. Several publications in this 

area have highlighted similarities and differences with commercial fisheries. Commercial 

fisheries are often driven by economic incentives that cause fishermen to over-exploit declining 

fish stocks (Steele, 1996; Masood, 1997; FAO, 2012). In commercial fisheries, these incentives, 

coupled with the ability of modern technology to exploit fish populations even at low densities 

have been responsible for driving a growing number of wild fish populations into commercial 

extinction (Post et al., 2002). In 2002, Post and colleagues proposed that there are similarities 

between commercial and recreational fisheries that have led to the decline of some recreationally 

important fish populations. Post et al. (2002) also noted that these declining populations may go 

unnoticed for some time since managers of recreational fisheries have thousands of distinct water 

bodies to monitor and are constrained by shrinking budgets. There have been cases in the 

literature where recreational anglers have continued to target declining fish populations when 

there were no reasonable alternative fishing opportunities (Cox, 2000). Other authors have noted, 

however, that there are important differences between recreational fisheries and commercial 
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fisheries. For example, according to Hansen et al. (2000) recreational fisheries are intrinsically 

self-regulating since recreational anglers will seek out alternative fishing opportunities if they are 

not satisfied with the quality of their current experiences. In recreational fisheries, angler effort 

has also been found to dissipate in a compensatory manner when fish populations decline, which 

leads to stabilization of predator-prey dynamics between anglers and fish populations (Johnson 

and Carpenter, 1994). Despite some similarities between recreational and commercial fisheries, 

recent effort by the scientific community has shown that many recreational fisheries are well on 

their way towards sustainability. 

 The recent shift of many recreational fisheries towards sustainability has been due to a 

number of factors. Most importantly, Tufts et al. (IN PRESS) argue that selective harvest and 

catch and release angling provide the foundation for sustainability in recreational fisheries. A 

survey of angler diaries from a northern Wisconsin study showed that release rates for 

Muskellunge, black bass (Smallmouth Bass and Largemouth Bass), Northern Pike, Walleye, and 

panfish were 99, 97, 86, 67, and 67% respectively (Gaeta et al., 2013). In Lake Ontario, the 

retention rate of recreationally caught fish has also declined dramatically since the 1970’s from a 

retention rate of 98% in 1977 to a retention rate of 40% in 2013 (Ontario Ministry of Natural 

Resources, 2014). The general impact of lower retention rates in recreational fisheries is that fish 

populations will be able to sustain greater fishing effort while maintaining a healthy biomass 

(Tufts et al., IN PRESS). 

 Since catch and release angling has become such an important aspect of modern 

recreational fisheries, there has been a considerable effort to learn more about how conservation 

can be maximized from this practice. A significant body of literature in this area has identified a 

variety of best practices that improve the survival of released fish. Some factors that have been 
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found to impact survival of released fish include: gear type (active versus passive) (Persons and 

Hirsch, 1994), hooking location (Hulbert and Engstrom-Heg, 1980; Jordan and Woodward, 

1994; Schill, 1996; Schisler and Bergersen, 1996), playing time/handling time (Ferguson and 

Tufts, 1992; Schisler and Bergersen, 1996; Schreer et al., 2001), bait type (Pauley and Thomas, 

1993; Diodati and Richards, 1996; Schisler and Bergerson, 1996), depth of capture 

(Bartholomew and Bohnsack, 2005), and water conditions (Tufts et al., 1997; Furimsky et al., 

2003). One of the most important conclusions that have come from this research is that the vast 

majority of released fish survive (Muoneke and Childress, 1994; Tufts et al., 1997), which 

indicates that catch and release practices can play a large role in promoting the sustainability of 

recreational fisheries.  

 Given the prevalence of selective harvest in recreational fisheries today, it is important to 

understand that there are two main reasons why anglers will practice catch and release angling. 

In the recent study on catch and release retention rates in northern Wisconsin, the authors found 

that voluntary catch and release was the most common reason for releasing fish (Gaeta et al., 

2013). Anglers are now aware of the benefits of catch and release practices on the health of 

recreational fish populations and are actively incorporating it into their angling behaviour. 

According to Bartholomew and Bohnsack (2005), the sport fishing industry promotes the 

voluntary release of fish as a way to improve the quality of recreational fisheries. In some cases, 

for the purpose of maintaining healthy fish populations, catch and release is legislated and 

strictly enforced by management agencies. Fishing regulations such as creel limits (daily catch 

limits), size limits, and open/closed seasons are all established by regional management agencies 

based on the results of assessment programs. In Canada, 9 out of 10 provinces have funds 

dedicated to aquatic conservation initiatives which are levied through taxes and fishing licence 
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fees (Tufts et al., IN PRESS). In this way, the success and popularity of recreational fishing fuels 

scientific research that enables management agencies to establish effective regulations which 

promote the health and sustainability of recreational fisheries. 

A form of recreational fishing that has been gaining widespread popularity is competitive 

tournament angling. Tournament fishing involves an organized group of anglers competing 

against one another for prizes and recognition. Depending on the tournament, anglers will weigh-

in bags of three to five fish, whose combined weight will determine an angler’s place in the final 

tournament standings. Since 1989, the number of competitive fishing events in Ontario has 

increased dramatically from 100 events per year to over 1000 events per year in 2008 (Kerr, 

2012). The number of competitive angling events has since stabilized at just over 1000 events 

per year (Kerr, 2012).  

Over the past 15 years the number of competitive fishing events held on large water 

bodies such as the Great Lakes has been steadily increasing (Kerr, 2012). There may be a 

number of reasons for this shift towards larger water bodies. Larger water bodies accommodate 

larger tournaments which may become necessary as various tournament series gain popularity. 

Events on large water bodies also serve to curb some of the social conflicts between competitive 

and non-competitive anglers that management agencies have identified as common issues (such 

as crowding and access limitations) (Kerr and Kamke, 2003). Although the number of events on 

large water bodies such as Lake Ontario and the Bay of Quinte are increasing, there are many 

things that are not known about the fish populations that are now the main targets of competitive 

fishing events. In order to use these important fish populations sustainably, it is important to 

understand as much as possible about the ecology of these populations.  
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1.1: Competitive Bass Fishing 

Bass have a long history as a popular sport fish in North America. In Ontario, 

Smallmouth Bass have been consistently ranked as the third most popular game species behind 

Yellow Perch and Walleye (Largemouth ranked sixth) (Funnell, 2012). In terms of competitive 

angling, bass are by far the most popular game species in Ontario with tournaments targeting 

bass (Smallmouth or Largemouth) representing 1/3 of all competitive events (Kerr, 2012).  

Competitive angling practices have evolved dramatically since these events first began. 

The majority of all competitive fishing events are now catch and release. This was one of the 

first and potentially most important changes in tournament formats. In more recent years, there 

have also been many improvements in the way that fish are handled throughout the tournament 

process. Many of these changes were the direct result of scientific research into the biological 

impacts of different aspects of the tournament process (Ferguson and Tufts, 1992; Killen et al., 

2003; Furimsky et al., 2003; Suski et al., 2004). At this time, policies such as live release, water 

weigh-ins, monitoring water quality (temperature and oxygen), and weight penalties for dead fish 

all help to minimize the extent of fish mortality associated with tournaments.  

Tournament associated mortality can be separated into two categories, initial mortality 

(proportion of fish that are dead before live release) and delayed mortality (proportion of fish 

that die post release) (Wilde, 1998). Post release mortality can be hard to quantify since 

estimates may be extremely variable due to differences in experimental method (Wilde, 1998). 

Initial mortality on the other hand is readily observable and may serve as an indicator of how 

well new tournament policies and practices are working to reduce fish mortality. In southern 

Ontario, bass tournaments sampled by this study experienced low levels of initial mortality with 

Smallmouth events consistently experiencing ~5% initial mortality, and Largemouth events 
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experiencing close to 0% initial mortality (frequently less than 1%). These estimates of initial 

mortality are considerably less than the 19.5% initial mortality rates estimated for bass 

tournaments for the 1970’s (Wilde, 1998). This indicates that current practices are working well 

to ensure survival of tournament released fish. In general, the effects of tournaments on bass 

mortality are not as problematic as many non-competitive anglers would believe (Wilde, 1998; 

Roberge, 2004). 

The difference in initial mortality rates between Smallmouth Bass and Largemouth Bass 

is small but may be significant since it highlights key differences between the two species. 

Smallmouth Bass usually reside in deeper water and are therefore more susceptible to 

barotrauma if tournaments are held on water bodies with depths greater than 5m (Morrissey et 

al., 2005). Smallmouth Bass are also less tolerant of hypoxia than Largemouth Bass (Furimsky et 

al., 2003). Thus, the weigh in process at tournaments are likely more stressful for Smallmouth 

Bass than Largemouth Bass. 

Although there have now been many studies that have examined the biological impacts of 

tournaments on bass, many of these studies have been focused on the physiology, behavior and 

survival of fish. Currently, there are many other important things that are still unknown about the 

bass populations that are now being affected by tournaments. For example, there are relatively 

few comprehensive studies of bass populations as a whole, which results in very little available 

data on important general population parameters. Particularly in larger water bodies such as Lake 

Ontario and the Bay of Quinte, this type of information is rare and difficult to acquire. 

Management agencies such as the Ontario Ministry of Natural Resources and Forestry (OMNRF) 

do monitor fish populations within the Bay of Quinte and Lake Ontario, but their assessment 

programs are responsible for monitoring the entire fish community and do not focus much effort 
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on bass. Additionally, for unknown reasons, adult bass do not appear to be fully susceptible to 

the general fish community sampling gear used by the OMNRF (personal communications, Jim 

Hoyle). Thus, at the present time there is a need to gain more information about the biology of 

these populations and a need for new approaches to obtain it. 

Roberge (2004) took a unique approach to learning more about bass populations by using 

competitive fishing events as a sampling tool. Large numbers of adult fish are weighed-in at 

competitive angling events. This makes them ideally suited as scientific sampling tools since 

they give researchers access to a quantity of samples that would otherwise be logistically 

unobtainable at low costs. Roberge (2004) was able to use tournament collected data to estimate 

a number of important population parameters such as population size, biomass, and production 

for a Largemouth Bass population in a medium sized lake system (~10,000 ha).  

1.2: Age Determination 

 Accurate age data about a population is one of the most important metrics in determining 

important population parameters such as population growth, population structure, and rate of 

mortality. 

 There are three methods of determining age in fish populations, the direct method, 

length-frequency and modal progression analysis, and interpretation of calcified structures 

(Casselman, 1987): 

- The direct method involves fish of known origin, such as stocked fish, or fish reared 

in semi-natural conditions such as those in ponds or reservoirs. The precise age, and 

therefore growth, of these fish can be easily determined if they are sampled in 

subsequent years. These fish need to be marked if they are released into water bodies 

with already existing wild populations, and/or if multiple year classes are released 
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into the same water body. Partially known ages are also possible with wild fish that 

are captured, marked, released and later recaptured. 

- Length-frequency and modal progression analysis involves compiling several length-

frequency plots throughout a season and observing the shifts in the modes (or peaks) 

of the plot. Each mode represents an influx of recruits in a given year. The 

progression of the modes visualizes the growth of a year class within a season. The 

sampling period for each length-frequency plot must be adequate in effort (number of 

samples) as well as speed, since long term sampling may confound results with 

seasonal growth (Casselman, 1987). 

- Interpretation of calcified structures requires analysis of hard structures that grow 

with fish size. Depending on the type of structure, changes in calcium deposition due 

to seasonal feeding patterns will result in visible aberrations as the structure is viewed 

from the focus (the origin of growth) towards the distal edges. In scales the 

aberrations will be breaks, checks or changes in the spacing between circuli. In other 

structures such as dorsal spines or otoliths, changes in seasonal growth results in 

zones that are optically different in translucency (Casselman, 1987). The checks and 

zones that are subjectively interpreted to be associated with annual growth are 

enumerated to determine age.  

In the context of a tournament fishery, interpretation of calcified structures is the best 

method for determination of age. The direct method of age determination requires that the origin 

of each fish is known, which is not the case in wild populations. Length-frequency and modal 

progression analysis only works if assessment includes individuals from every age class 

(Casselman, 1987). Additionally, as fish age, somatic growth becomes variable, and is often 
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reduced in favour of investing more energy into reproductive effort (Quince et al., 2008). 

Therefore, in older fish populations peaks in the length-frequency distribution can no longer be 

reliably attributed to a single year class.  

1.2.1: Interpretation of Calcified Structures 

 The estimation of age with the use of bone-like, hard or calcified tissue is used widely in 

the field of fisheries science. The earliest applications of this technique can be dated back more 

than 250 years (Casselman, 1974).  

 The interpretation of calcified structures involves subjective identification of annuli, 

which are concentric rings characterized by breaks in the circuli of scales, and optically distinct 

‘zones’ in other structures. Certain life history events such as dietary shifts or spawning may 

produce marks on hard structures that resemble annuli and may be misleading to inexperienced 

agers (Casselman, 1987). These false annuli may be distinguished from true annuli since the 

checks of true annuli can be detected in all (or the majority of all) regions of the structure 

(Casselman, 1987).  

 Of the structures commonly used for fish age estimation, scales, dorsal spines and 

otoliths are the most common. Other structures such as operculum bones, pectoral fin rays and 

vertebrae are also used, but they are not as common since their effectiveness varies considerably 

between species (Ihde and Chittenden, 2002; Rude et al., 2012; Sotola et al., 2014). Scales are 

the easiest calcified structure to obtain and their preparation requires the least amount of time 

and resources to complete (Long and Fisher, 2001; Ihde and Chittenden, 2002). Dorsal spines are 

also easily obtained however this study has found that the preparation of dorsal spines requires 

significantly more time and resources to complete when compared to scale preparation. Otoliths, 

which are bones found within the inner ears of most teleost fish, are the most difficult structure 
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to obtain and require the fish to be lethally sampled. They require the same amount of processing 

as dorsal spines to complete, however in certain situations additional processing may be 

necessary depending on which aspect of fish age is being investigated (Gary Ridout, personal 

communications). Each structure has associated advantages and disadvantages. This study aims 

to determine which aging structure is most suitable for the tournament bass population found in 

Lake Ontario and the Bay of Quinte. 

 Historically, scales have been used in black bass aging (DeVries and Frie, 1996) but their 

accuracy and consistency can vary considerably depending on the age of the fish. Long and 

Fisher (2001) found that scales consistently underestimate age in older black bass, although their 

study only contained fish up to an age of 7. Of the possible aging structures, scales are the most 

vulnerable to environmental conditions. Fish can lose scales which are replaced with regenerated 

scales that cannot be used for aging. Growth of scales adjacent to lost scales can also become 

distorted, further complicating age interpretation (Casselman, 1987).  

 Otoliths have widely been accepted as the most accurate and reliable aging structure in 

fish across multiple species (Campana and Thorrold, 2001; Ihde and Chittenden, 2002; Rude et 

al., 2013). Several studies also note that with less experienced agers, otoliths yield more 

consistent results than other structures (Long and Fisher, 2001; Rude et al., 2013). Otoliths have 

also been used to identify variations in environmental conditions based on their chemical 

compositions (Campana and Thorrold, 2001). 

Of all possible hard structures used for aging, otoliths are uniquely suited for age 

interpretation (Campana and Thorrold, 2001). Otolith growth is continual and not dependant on 

somatic growth (Campana and Thorrold, 2001). Unlike other calcified tissues, otoliths are non-

skeletal and do not serve as structural support or protection. Skeletal structures obligatorily 



11 
 

conform to the growth of the organism and therefore in periods of non-feeding or poor growth 

skeletal structures also cease growth. In contrast, otoliths maintain growth even in periods where 

somatic growth is nonexistent (Maillet and Checkley, 1990), making them well suited for age 

determination even in older fish.  

 In order to determine which aging structure is appropriate for a given fish population, two 

main factors have to be considered: how old are the fish that are being aged; and how important 

is it that each fish is kept alive? In a tournament fishery, anglers target the largest fish in the 

population. Since age is directly related to size, these fish are also the oldest fish in the 

population. Additionally, the competitive tournament angling culture has evolved in such a way 

that fish care is amongst its greatest concerns. The care and live release of tournament fish, 

especially the largest and oldest fish, are extremely important to tournament organizers. This 

makes sense for this activity to be sustainable, but it also has implications for efforts to age 

tournament fish. These two conditions make the choice of aging structure quite difficult since 

older fish cannot be accurately aged with scales and the desire to keep fish alive prohibits the 

harvesting of large numbers of otoliths.  

1.3: Growth 

 In recent years, the abundance of large Smallmouth Bass in Lake Ontario has attracted 

the interest of a growing number of recreational anglers and competitive fishing events. At the 

present time, however, it is not known whether the relative size of the fish in this population is 

due to the fact that the majority of the fish in this population are relatively old, or whether it is 

due to the fact that they have high growth rates. A better understanding of this issue may have 

very important implications for fisheries managers. In this study, I investigate these issues by 

examining growth rates and life history parameters of bass populations in Lake Ontario. 



12 
 

In fish populations, growth can be affected by a variety of factors. Some of the more 

important factors that influence growth in fish include length of growing season, diet 

composition, prey abundance, altitude, water temperature, and water chemistry. Mullner and 

Huber (1993) found that growth of Smallmouth Bass increases with length of growing season up 

to a maximum of 180 days, beyond which growth is not affected by length of growing season. 

Diet composition can also play a key role in growth rates as Steinhart et al. (2004) found for 

young of year Smallmouth Bass in Lake Erie. A study of Bass populations within a 147 km long 

reservoir in southern Wyoming found that the trophic quality of a habitat affects the growth rates 

of age-1 fish, with the slowest growing age-1 fish inhabiting the least eutrophic area of the 

reservoir (Mullner and Huber, 1993). In Alabama, faster growth rates in Spotted Bass were 

associated with lower elevation (Dicenzo et al., 2011). Glover et al. (2013) found that water 

temperature and water salinity both affected growth rates of Largemouth Bass from a brackish 

aquatic environment. Salinity plays a particularly interesting role in Largemouth Bass growth. 

Glover et al. (2013) found that a high saline environment resulted in increased growth in age-1 

and 2 Largemouth Bass, but that the trend was reversed in older individuals, likely due to the 

disproportionate increase in the cost of ionoregulation for large individuals.  

Determining growth and productivity in a population is very closely associated with age. 

Growth is a rate, the change in size over a period of time, and so the determination of growth 

normally requires some understanding of age. Growth is most easily measured from fish of 

known age or partly known age such as those that are marked, released and then recaptured. 

Indirect methods of measuring growth include length-frequency analysis, size-at-age and back 

calculation of size-at-age using calcified structures (Casselman, 1987).  
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In the context of a tournament fishery, back calculation of size-at-age through the use of 

calcified structures may be the most suitable method for measuring growth. Unlike the other 

indirect methods of measuring growth, back calculation of size-at-age does not require samples 

from the youngest fish in the population (which tournaments are unable to provide). Back 

calculation of length-at-age estimates the previous sizes of sampled individuals through 

examination of hard structures (Francis, 1990; Roberge, 2004). Using back calculated length-at-

age data, growth curves can be constructed through regression (Francis, 1990; Roberge, 2004). 

 An important point of note to consider for the back calculation of size-at-age is that rates 

of growth may vary substantially between fish of the same age (Lee, 1912; Francis, 1990). Lee 

(1912) discovered that the back calculated sizes-at-age of the oldest fish in a population were 

consistently smaller than the back calculated sizes-at-age of younger fish, indicating that the 

oldest fish in a population are the slowest growing. Conversely, an implication of Lee’s (1912) 

findings is that the larger, faster growing individuals in the population have higher mortality 

rates (Ricker, 1969; Francis, 1990). Tournament anglers only target the largest fish in the 

population, so the youngest tournament fish will be the fastest growing fish in the population, 

and would not accurately represent the growth of young fish in the general population. Similarly, 

due to Lee’s phenomenon, back calculated sizes-at-age for the oldest tournament fish would 

underestimate growth of fish in the general population. Therefore the most representative growth 

curve for the general population will come from back calculated sizes-at-age of middle aged 

tournament fish. 

 In view of the importance of Lake Ontario bass populations as a natural resource, it is 

surprising that so little is known about their biology. Although some monitoring of Lake Ontario 

bass populations is conducted by the OMNRF, the adult population, for unknown reasons, is 
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under-represented in their assessment data. Tournaments have the potential to become an 

important biological sampling tool for adult sport fish species. This study will determine the 

usefulness of tournaments as a sampling tool to obtain assessment information on a large water 

body. The first part of this thesis examines the utility of different aging structures in tournament 

bass. The second part of the thesis then examines the size and age structures of the tournament 

bass populations. Finally, using back calculation of size-at-age, the growth rate of the general 

population along with various life history parameters are also determined. In the context of these 

goals, I hypothesize that: 

1. There will be differences in the effectiveness of scales, spines, and otoliths as age 

interpretation structures, and that these differences will vary with fish age. 

2. There will be differences between the growth rates of Lake Ontario Smallmouth Bass and 

Lake Ontario Largemouth Bass, with Smallmouth Bass growing faster, and to a larger 

size, than Largemouth Bass. 

3. Individuals sampled through tournaments will represent an important portion of Lake 

Ontario bass populations that are currently missing from standard assessment programs. 

The information gathered in this study will have important implications for fisheries 

managers. By providing information about a portion of the population that is underrepresented in 

classical assessment approaches, managers will have access to a more complete understanding of 

this recreationally important population. Through this understanding, hopefully, this 

economically and culturally significant resource can be sustainably used by generations to come. 
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Chapter 2: Methods 

2.1: Study Area 

 Competitive fishing events held on the Bay of Quinte (44.15 N, -77.25 W) (Figure 1) and 

the eastern Lake Ontario basin (44.10 N, -76.60 W) (Figure 2) were sampled during the summers 

(June – September) of 2012-2014. Anglers caught fish from as far east as Mallorytown on the St. 

Lawrence River (60km down river), as far south as upstate New York, and as far west as Trenton 

on the Bay of Quinte. The majority of Smallmouth Bass sampled were from Lake Ontario and 

the St. Lawrence River, whereas most Largemouth Bass sampled were from the Bay of Quinte.  

 Lake Ontario is an oligomesotrophic lake, with a diverse fish community. According to 

fish community assessments by the OMNRF, abundant fish species include yellow perch, round 

goby, walleye, Smallmouth Bass, lake trout, lake whitefish, round whitefish, burbot, alewife, 

chinook salmon, brown trout and cisco (Ontario Ministry of Natural Resources, 2013). The Bay 

of Quinte similarly contains diverse fish assemblages dominated by alewife, yellow perch, 

walleye, freshwater drum, gizzard shad, bluegill and cisco (Ontario Ministry of Natural 

Resources, 2013). In recent years, the recreational fishery associated with the Bay of Quinte has 

demonstrated that there are strong populations of large sport fish species such as pike and 

Largemouth Bass in the Bay of Quinte as well.  

 Bathymetry surveys show that the eastern Lake Ontario basin (200,000 ha) has a diverse 

depth profile with a maximum depth of 50 m, an average depth of 30 m, and also abundant near 

shore regions where depth is < 10 m. The Bay of Quinte (25,000 ha) has a maximum depth of 10 

m, an average depth of 5 m, and contains much shallower near shore regions where depth is < 2 

m. 
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2.2: Tournament Format 

 Lake Ontario and the Bay of Quinte are two of the top four most popular locations for 

competitive fishing in Ontario (Kerr, 2012). Over the course of three summers (2012 – 2014), a 

total of 38 tournament days were sampled (appendix A1). 12 tournament days were from 

tournaments held in Kingston (9), Morrisburg (2) and Gananoque (1). The fish weighed in at 

these tournaments were caught almost exclusively from the eastern Lake Ontario basin, and 

down the St. Lawrence River. The remaining 26 tournament days were from tournaments held in 

Belleville (24), Trenton (1) and Deseronto (1). 12 of these tournaments restricted anglers to 

Largemouth Bass, the vast majority of which would have come from the Bay of Quinte. The 

remaining events allowed anglers to weigh in both Smallmouth and Largemouth Bass, which 

often resulted in anglers leaving the Bay of Quinte to angle for fish from the eastern Lake 

Ontario basin and the St. Lawrence River. The majority of tournaments had a five fish limit, 

meaning teams would only keep their 5 heaviest fish for the weigh in at the end of the 

tournament. One Belleville tournament used an alternate format where anglers were allowed to 

weigh in 1 fish for every hour of the 8 hour tournament, with prizes given out for the largest fish 

weighed in each hour.  

 All tournaments were live-release with weight penalties for any dead fish (0.5lb/dead 

fish). Additionally, minimum size regulations restricted anglers from weighing in fish measuring 

less than 12 inches (305mm).  
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2.3: Tournament Sampling 

 Sampling crews arrived at tournaments an hour before the scheduled weigh-in time in 

teams of three (one data recorder, one fish handler and one fish tagger). Sampling stations were 

generally set up behind the weigh-in areas and consisted of two aerated holding troughs and one 

sampling table per team sampling. After fish were weighed-in they were placed in one of the 

aerated holding troughs where sampling crews could easily access them. 

Fish were retrieved from the holding trough and placed onto measuring boards. For each 

fish: the total length (tip of the mouth to the tip of the caudal fin when closed) and fork length 

(tip of the mouth to the fork in the caudal fin when open) was recorded; 4-6 scale samples were 

taken from under the tip of the left pectoral fin; the third hard dorsal spine was taken from as 

close to the base as possible (if time permitted); two T-tags containing a tag number, a website 

for electronic reporting of recaptures, and a phone number were inserted just under the soft 

dorsal spines (one on each side). After each fish was sampled it was placed in the second aerated 

holding trough and subsequently transferred to the live release boats by tournament staff and 

volunteers. Fish were sampled at tournaments under Queen’s University animal care protocol 

#2013-040. 

 A total of 5190 fish were sampled at tournaments, 2991 were Largemouth Bass, and 2199 

were Smallmouth Bass. Scale and spine samples were placed in 6cm x 11cm scale envelopes and 

allowed to dry after each tournament. Fish lengths and tag numbers were entered into a 

spreadsheet that was updated after each event. When recaptures were reported, fish could be 

identified by their tag numbers. The specific tournament, date and size of the fish at the time of 

tagging could all be determined based on the tag number of any recaptured fish.  
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 Fish that were weighed-in dead were returned to the lab for processing. Over the course 

of the study period, 340 tournament mortalities were collected, 72 of which were Largemouth 

Bass, and 268 were Smallmouth Bass. Tournament mortalities were stored in a -15 
O
C freezer 

until they were processed. For each processed fish: fork and total lengths were measured; weight 

was measured; scales (20-30) were taken from under the tip of the left pectoral fin; If available, 

the third hard dorsal spine was taken as close to the base as possible, if the third spine was not 

available then the fourth spine was taken instead; otoliths were extracted, cleaned and dried; the 

sex of the fish was determined; the stomach contents of the fish were removed, weighed and 

identifiable fish species were noted; approximately 50g of skeletal muscle was removed and 

frozen; any noteworthy anomalies were also documented, i.e. bloated swim bladders, wounds or 

scars on the fish, any visible parasites, etc.  

2.4: Aging Structure Preparation and Interpretation 

 Three structures were used throughout the course of this study to determine fish age: 

scales, hard dorsal spines and otoliths.  

Sampled scales were dried at room temperature. Once dried, imprints of 2 to 4 scales per 

fish were made on 2cm x 5cm acetate slides using a jeweller’s rolling mill (Wildco PN: 110-

H10). Acetate slides were viewed using a microfiche reader at 42x magnification. Scales were 

first evaluated for regeneration. If regeneration obstructed the first annulus (or the region where 

the first annulus was likely to be), the scale was omitted from the aging analysis.  

Hard dorsal spines were stripped of their epidermal coating and encased in a two part 

resin (System Three, Mirror Coat). Teflon trays with forty-eight 1cm x 1cm x 4cm wells were 

used in the resin encasing process. First a thin layer of resin (approximately filling 1/3 of the 

well) was applied to each well. The trays were heated at 80 
O
C for 1 hour and then allowed to dry 
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for another 1 hour. Spines were then placed into each well on top of the thin layer of dried resin. 

The wells were then filled in with resin. Before being placed into the drying oven, each well was 

inspected to make sure that the spines were vertically aligned in the well, and that each spine was 

completely submerged in resin. The same temperature and duration was used to harden the 

completed resin wells. Once dry, the completed resin cells (with spines encased) were removed 

from the Teflon trays prior to sectioning.  

Otoliths were encased in resin using the same procedure as the dorsal spines. Otoliths 

were oriented so that the long axis of the otolith ran parallel to the long axis of the resin wells.  

Encased otolith and spine samples were sectioned using a Buehler low-speed Isomet saw. 

Two diamond coated saw blades were used in parallel to section the encased structures. Blades 

were spaced 0.5mm apart. Cutting was performed at a speed setting of 4 out of 10 

(approximately 100 RPM) with high weight (300g). Otoliths were cut across the horizontal axis 

through the focus, and spines were similarly cut across the horizontal axis close to the base of the 

spine.  

Once sectioning was complete, the sections were mounted on labeled glass slides. 

Mounting involved placing sections in small beads of wet resin (on glass slides), and then 

covering them with another small drop of wet resin. Mounted slides were dried in the same 

manner as in the encasing process. Completed slides were viewed under 25x and 50x 

magnification using a Leica DM1000LED microscope. Digital images were captured with a 5 

megapixel mounted camera and processed using the Leica Application Suite v4.4 photo editing 

software.  

Scale, spine and otolith annuli were enumerated to obtain scale, spine and otolith 

interpreted ages respectively. Scales were viewed from the origin of growth to the distal edge of 
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the scale at the 3 o’clock position, or in some cases, the 9 o’clock position. Checks and breaks in 

scales were only evaluated as annuli if they met the following criteria: breakage in the circuli 

was uniform and extended all the way to the base of the scale; if breakage could not be resolved 

around the entire scale then breakage had to be at least visible on both sides of the origin and 

identifiable as being a part of the same annulus.  

Spine annuli were characterized by translucent zones separating opaque regions of 

seasonal growth. Translucent zones were only evaluated as annuli if they could be completely 

resolved in all regions of the spine except in the case of annuli that were partially obstructed by 

spinal fluid from the core of the spine. This exception was frequently the case for the first 

annulus.  

Annuli in otolith sections were characterized by dark bands separating translucent zones. 

Checks in otoliths were only evaluated as annuli if they could be resolved in all regions of the 

otolith. In some cases, only broken otoliths were available for sectioning. Broken otoliths 

sometimes produced sections with ambiguous regions. In those cases, if the checks could be 

resolved in all clear regions of the otolith, they would still be evaluated as annuli. In general, 

there was very little ambiguity in otolith annuli. 

For each structure that was used in aging, a confidence rating was assigned to that 

structure. Confidence ratings can range from 1 to 9. A confidence rating of 9 indicated that the 

structure was clear and easy to read, each annulus was distinct and unambiguous. A confidence 

rating of 9 implies that the true age of the fish is likely the same as or very close to the structure 

interpreted age. A confidence rating of 1 indicates that the structure was highly ambiguous and 

that there was very low confidence associated with the interpreted age. A summary of confidence 

ratings and associated descriptions is provided in appendix A3. In this study, the lowest 
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confidence rating assigned to a structure that was still included in the analysis was 4. High 

confidence improves the reliability of age estimates, and is therefore an important characteristic 

in a good aging structure. Differences in structure confidence were investigated in this study by 

comparing scale, spine and otolith confidences at each age.  

 Differences between the interpreted ages of the different structure types were examined. 

Only fish which had interpreted ages from all three structures were used in this analysis. Fish 

were sorted by ascending otolith age. For each otolith age class, the mean ages of associated 

scales were plotted against otolith age. Similarly, for each otolith age class, the mean ages of 

associated spines were plotted against otolith age. Spines and scales were compared by sorting 

fish by ascending spine age. For each spine age class, the mean associated scale ages were 

plotted against spine age.  

 Using otolith interpreted ages, age distributions for Smallmouth Bass (n = 83, sampled 

from 2012 tournament mortalities) and Largemouth Bass (n = 50, sampled from 2013 

tournament mortalities) were constructed. 

2.5: Size and Growth 

 Total lengths of all Bass encountered at tournaments were used to construct a size 

distribution of the tournament fishery. Weights were not available for these fish since most 

tournaments weighed fish in groups of 5 and not individually. Tournament mortalities did 

however provide a dataset with complete length, weight and age information. Using this smaller, 

more complete dataset, length-weight relationships, length-age relationships and condition factor 

were all examined for both species. Condition factor is described by the formula: 

𝐾 =  100(𝑊/𝐿3) 
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 where K (g/cm
3
) is the condition factor, W (g) is the weight of the fish and L (cm) is the length 

of the fish (Johnstone, 1912).  

 Growth was examined in two ways. First, for both species, growth trajectories starting at 

age 0 were produced. To do this, the Fraser-Lee method of back calculating size-at-age was used. 

The Fraser-Lee equation is as follows:  

𝐿𝑖 = 𝑎 +
(𝐿𝑐 − 𝑎)𝑆𝑖

𝑆𝑐
 

where Li (mm) is the length of the fish at age i, Lc (mm) is the length of the fish at capture, Si is 

the distance from the focus (origin of growth) of the structure to annulus i, Sc is the distance from 

the focus of the structure to the edge of the structure and a (mm) is the length of the fish at age 

zero (this is the intercept of the growth trajectory in the length-age plot) (Francis, 1990). Only a 

small sub-sample of structures was used in this analysis. The criteria used in selecting structures 

for this analysis are as follows:  

1. Only scales were used;  

2. Scales which had interpreted ages that differed from their associated otoliths were 

excluded from the analysis; 

3. Only scales with confidence ratings of 7 or higher were used; 

4. Only scales with interpreted ages of 7, 8 or 9 were used; 

Following these criteria, 8 scales (5 aged 7, 1 aged 8 and 2 aged 9) were selected for Smallmouth 

Bass, and 6 scales (1 aged 7, 4 aged 8 and 1 aged 9) were selected for Largemouth Bass. Scales 

were used over otoliths in this analysis because otolith growth is not dependant on somatic 

growth, even in periods of zero somatic growth, otolith growth persists (Maillet and Checkley, 

1990). This characteristic makes otoliths ideally suited for age interpretation but incidentally 
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makes them poorly suited for length analysis (Campana, 1990). Spacing between otolith annuli 

past the age of maturity is not representative of somatic growth. Therefore, if otoliths are used in 

this analysis, predicted growth would be greater than actual growth in post maturity years, and 

less than actual growth in pre-maturity years. The accuracy of the scales used in this analysis was 

important, so only scales which had matching otolith ages were used. The Fraser-Lee method 

requires aging structures that have clear and distinct annuli that can be measured, so only scales 

which were given high confidence ratings (7 or greater) were used. For aged 7 Smallmouth Bass, 

only scales which had a confidence rating of 9 were used. Finally, only age 7, 8 and 9 Bass were 

used in this analysis because the accuracy and reliability of scale ages decreases dramatically 

after age 9. In addition, Bass that are younger than the age of 7 are not fully recruited to the 

tournament angling gear. Tournament Bass younger than the age of 7 represent only the largest 

and fastest growing fish in their age class and therefore growth in these individuals would not be 

representative of typical growth in the population. 

 Seasonal growth of Largemouth Bass in the Bay of Quinte was also investigated using 

Bay of Quinte tournament data. Samples collected from two tournament weekends, one in mid-

June and one in late-September were used in this analysis. Scales from 205 Largemouth Bass 

sampled on June 15/16, 2013 were aged and used as a representative sample of the tournament 

population in spring. Scales from 177 Largemouth Bass sampled on September 28/29, 2013 were 

aged and used as a representative sample of the tournament population in fall. The length 

distribution of spring age 6 (n = 22), age 7 (n= 49) and age 8 (n = 70) fish were plotted with the 

length distribution of fall age 6 (n = 42), age 7 (n = 27) and age 8 (n = 11) fish. Mean total 

lengths of fish in each season (separated by age) were compared to obtain seasonal growth. Fish 
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older than age 8 were not used in this analysis because the numbers of fish in older age groups 

were not sufficient.  

2.6: Statistical Analysis 

 Analysis of variance for the comparison of structure confidences and Student’s t-tests for 

the comparison of structure biases were run in R v.3.0.2 using the default ‘stats’ package. 

Breakpoint analyses for segmented regression in the analysis of back calculated length at age 

growth curves were run in R v.3.0.2 using the package ‘segmented’. The von Bertalanffy growth 

parameters and the survival and instantaneous rate of mortality life history parameters were 

estimated using the package ‘fishmethods’ in R v.3.0.2.  
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Figure 1.- Map of the Bay of Quinte 
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Figure 2.- Map of the Eastern Lake Ontario Basin 
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Chapter 3: Results 

3.1: Smallmouth Bass Aging Structures 

Smallmouth Bass aging structures were evaluated for confidence within each age group. 

Table 1 and Figure 3 summarize the results. Otoliths produced consistently high confidence 

values across all ages. Mean structure confidence was over 8.0 in all age groups except for 8 year 

olds (mean confidence of 7.6). For spines aged 9 and younger, confidence values were all over 

7.00. Similarly, scales produced mean confidence values over 7.00 in age groups 4 through 11. 

The only scale samples that produced low confidence values were aged at 3 (confidence value of 

4) and 13 (confidence value of 5) years old. Both scales and spines produced mean structure 

confidences that trended downward with increasing age. Conversely, mean structure confidence 

associated with otoliths was not correlated with age. Analysis of variance (ANOVA) on mean 

structure confidences between scales, spines and otoliths revealed significant differences at age 

groups 5, 7 and 10 (Table 2).  

Figure 4 shows the bias between otolith interpreted ages and scale interpreted ages. 

Scales tend to underestimate otolith age after age 7. Scale interpreted ages deviate significantly 

from the 1:1 (otolith to scale) age agreement line in otolith age groups 8, 10, 11 and 13. Figure 5 

illustrates the relationship between otolith interpreted ages and spine interpreted ages. Spines 

also tend to underestimate otolith age in fish older than 7. Spine interpreted ages were found to 

deviate significantly from the 1:1 (otolith to spine) age agreement line in otolith age groups 8, 9 

and 13, with a near significant difference in age group 10 (p = 0.051). Figure 6 shows the 

relationship between spine interpreted ages and scale interpreted ages. The results indicate that 

scales may underestimate spine age in the oldest fish. Scale interpreted ages differed 
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significantly from spine ages at age 10. Tables 3, 4 and 5 summarize one-tailed t-test statistics 

for each structural pairwise comparison.  

3.2: Largemouth Bass Aging Structures 

Largemouth Bass structures were also evaluated for confidence at each age group. Table 

6 and Figure 7 summarize these results. Otoliths produced consistently high (over 8.00) mean 

confidence values at all ages. Spines produced variable mean confidence values, with high 

confidence in age groups 3 and 4 but medium to low confidence in all other age groups. Scales 

produced high and medium mean confidence values in age groups younger than 9, but low 

confidence values in age groups 9 and older. As in Smallmouth Bass, otolith confidence does not 

appear to be correlated with age. Spine confidence, with the exception of a single sample 

producing low confidence at age 2, is negatively correlated with age. Scale confidence also 

appears to be negatively correlated with age. However, spine confidences decrease more sharply 

with age than scale confidences.  ANOVA on mean structure confidence between scales, spines 

and otoliths showed significant differences at age groups 8, 9, 10 and 11. Table 7 summarizes the 

ANOVA results.  

The relationship between otolith interpreted ages and scale interpreted ages for Lake 

Ontario Largemouth Bass is shown in Figure 8. Scales underestimate otolith age after age 7. 

Among the different structures, Largemouth Bass scales are the least effective at estimating 

otolith age in older individuals (change in scale interpreted ages with otolith interpreted ages is 

near zero in older fish). Scale interpreted ages deviate significantly from the 1:1 (otolith to scale) 

age agreement line at otolith interpreted ages of 8, 9, 10, 11 and 12. Figure 9 shows the 

relationship between otolith interpreted ages and spine interpreted ages. Spine interpreted ages 

underestimate otolith age at ages 9 and older. Spine interpreted ages deviate significantly from 
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otolith interpreted ages at age groups 9, 10, 11 and 12. The relationship between spine 

interpreted ages and scale interpreted ages is illustrated in Figure 10. Scale interpreted age 

underestimate spine age at ages 8 and older. There were significant differences between scale 

interpreted ages and spine interpreted ages at age groups 8, 9 and 10. Tables 8, 9 and 10 

summarize the results of one-tailed t-tests performed for all three pairwise comparisons. 

3.3: Age Distributions 

Age distributions constructed from otolith interpreted ages are shown in Figure 11. For 

Smallmouth Bass, 7 year olds (2005 year class) were most dominant in the sample, representing 

43% of sampled individuals. The second most frequent age in the Smallmouth Bass age 

distribution were 10 year olds (2002 year class), which represented 16%  of sampled individuals. 

For Largemouth Bass, 8 year olds were most dominant in the sample (2005 year class), 

accounting for 28% of sampled individuals. The second most frequent age group in Largemouth 

Bass were 9 year olds (from the 2004 year class) representing 24% of the entire sample. The 

maximum and minimum otolith interpreted ages for Smallmouth Bass were 17 (1 individual) and 

4 (1 individual) respectively. The maximum and minimum otolith interpreted ages for 

Largemouth Bass were 18 (1 individual) and 2 (1 individual) respectively. 

The age distributions imply that Smallmouth Bass become fully recruited to the 

tournament angling gear by age 7 and that Largemouth Bass become fully recruited to the 

tournament angling gear by age 8. In the context of tournament angling, full recruitment means 

that all fish in fully recruited age classes are likely to be kept by anglers for the weigh in. In 

contrast, only the largest and fastest growing fish from non-fully recruited age classes would be 

large enough to be kept by tournament anglers for the weigh in.  
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3.4: Length and Weight 

Length frequency plots were constructed for all tournament sampled Largemouth Bass (n 

= 2574) and Smallmouth Bass (n = 2052) that had available length data. Figure 12 contains both 

the Largemouth and Smallmouth Bass length distributions. Both species have normally 

distributed length distributions with an elongated left tail. The Smallmouth Bass length 

frequency distribution peaks at 450 – 460 mm total length with fish in this size range accounting 

for 11.7% of all tournament sampled Smallmouth. The Largemouth Bass length frequency 

distribution peaks at 420 – 430 mm total length with fish in this size range representing 15.3% of 

all tournament sampled Largemouth. The maximum total length for all Smallmouth Bass 

sampled was 535 mm, while the minimum total length for all Smallmouth Bass sampled was 308 

mm. For Largemouth Bass, the maximum total length of all samples was 516 mm, while the 

minimum total length was 300 mm.  

Figure 13 illustrates the weight versus length relationships for both species. The results 

show that Smallmouth Bass weigh more at a given length than Largemouth Bass. This difference 

is also more pronounced in the higher length categories. The Smallmouth Bass that weighed the 

least was 0.5 kg and had a fork length measurement of 310 mm. On the other hand, the heaviest 

Smallmouth Bass weighed 2.48 kg and had a fork length measurement of 481 mm. For 

Largemouth Bass, the lightest individual weighed 0.41 kg and had a fork length measurement of 

295 mm, while the heaviest individual weighed 2.25 kg and had a fork length measurement of 

464 mm.  

 The minimum, mean, and maximum condition factors (K) found in Smallmouth Bass 

tournament mortalities (n = 193) were 1.29, 1.85, and 2.35 respectively. For Largemouth Bass 
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tournament mortalities (n = 72), the minimum, mean, and maximum condition factors were 1.28, 

1.69, and 2.04 respectively. 

3.5: Growth 

3.5.1: Back Calculation of Length-at-Age 

Figure 14 illustrates the length-at-age results for both species determined through back 

calculation techniques. The mean total lengths at each age determined using the same approach 

for both species are presented in Tables 11 and 12. Growth curves constructed with mean back 

calculated lengths-at-age (Figure 14) show that Smallmouth Bass and Largemouth Bass have 

markedly different growth trajectories. Largemouth Bass grow rapidly in their first three years 

with growth exceeding 90 mm/year. This rapid growth period is followed by a transitional period 

in their 4
th

 year where growth slows to 53 mm/year. After the transitional 4
th

 year, growth slows 

considerably reaching a low of 3 mm/year in the 10
th

 year (the last year with available data). In 

contrast, Smallmouth Bass exhibit a growth trajectory with less dramatic changes in growth 

between years. Following the first year of rapid growth (82 mm/year), Smallmouth Bass 

maintain moderate growth in the next 5 years of growth (2
nd

 – 6
th

) between 47 and 58 mm/year. 

Growth slows in the 7
th

 through 10
th

 years of growth, reaching a low of 12 mm/year in the 10
th

 

year. Table 13 summarizes growth rate values for both species across all years. Breakpoint 

analysis on the growth curve of Largemouth Bass indicates that the rate of growth changes at age 

3.7 ± 0.2 SE (within the 4
th

 year of growth), while breakpoint analysis on the growth curve of 

Smallmouth Bass indicates that the rate of growth changes at age 6.3 ± 0.2 SE (within the 7
th

 

year of growth). Figure 15 illustrates an alternative way to view growth in the two species via 

annual change in length.  
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3.5.2: Bay of Quinte Largemouth Bass Seasonal Growth 

Figure 16 shows the results of the seasonal growth analysis on Largemouth Bass from the 

Bay of Quinte. Seasonal growth of tournament caught 6 year old Largemouth Bass was 18.5 mm, 

with mean total lengths being 414.6 mm ± 19.9 mm in June and 433.1 mm ± 20.8 mm in 

September. This growth is likely not representative of 6 year old fish in the general population 

since 6 year olds are not fully recruited to the tournament gear. 7 year old Largemouth Bass 

experienced a seasonal growth of 8.8 mm, with mean total length in June being 426.9 mm ± 17.5 

mm and mean total length in September being 435.7 mm ± 33.4 mm. Finally, 8 year old 

tournament Largemouth had mean total lengths of 436.1 mm ± 19.7 mm in June and 449.7 mm ± 

14.9 mm in September, representing a seasonal growth of 13.6 mm.   

3.5.3: Population Growth Parameters 

 The von Bertalanffy growth model is frequently used to estimate trends in fish growth. 

Using the back calculated lengths at age data, I estimated the asymptotic maximum length (L∞) 

to be 560 mm for Smallmouth Bass, and 455 mm for Largemouth Bass. The growth constant (K) 

was calculated to be 1.78x10
-1

 for Smallmouth Bass and 3.30x10
-1

 for Largemouth Bass. Finally, 

the theoretical age at length zero (t0) was estimated to be -2.03x10
-1

 for Smallmouth Bass and 

1.97x10
-1

 for Largemouth Bass.  

 Using otolith interpreted age distributions (the most accurate age distribution available to 

us), the population parameters S (annual rate of survival) and Z (instantaneous total mortality) 

for both species were estimated. S was estimated to be 0.69 ± 0.04 and Z was estimated to be 

0.37 ± 0.06 in the Smallmouth Bass population. Similarly for the Largemouth Bass population, S 

was estimated to be 0.62 ± 0.04 and Z was estimated to be 0.48 ± 0.06. 
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Figure 3.- Mean Smallmouth Bass structure confidence for scales, dorsal spines, and otoliths 

compared against one another at each age group. Asterisks denote significant differences found 

by ANOVA (p < 0.05) in mean confidence between structures. Error bars denote 95% 

confidence intervals for all mean confidences composed of more than one unique confidence 

value. 
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Figure 4.- Mean scale interpreted ages plotted against their associated otolith ages in 

Smallmouth Bass. The dashed line represents a 1:1 agreement between scale interpreted ages and 

otolith interpreted ages. Asterisks denote a significant difference found by paired Student’s T-

tests (p < 0.05)  between scale interpreted ages and otolith interpreted ages at a given otolith age 

group. Error bars represent 1 standard deviation around the mean scale ages. 
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Figure 5.- Mean spine interpreted ages plotted against their associated otolith ages in 

Smallmouth Bass. The dashed line represents a 1:1 agreement between spine interpreted ages 

and otolith interpreted ages. Asterisks denote a significant difference found by paired Student’s 

T-tests (p < 0.05) between spine interpreted ages and otolith interpreted ages at a given otolith 

age group. The open circle denotes a near significant difference (p = 0.051). Error bars represent 

1 standard deviation around the mean spine ages. 
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Figure 6.- Mean scale interpreted ages plotted against their associated spine ages in Smallmouth 

Bass. The dashed line represents a 1:1 agreement between scale interpreted ages and spine 

interpreted ages. The asterisk denotes a significant difference found by a paired Student’s T-test 

(p < 0.05) between scale interpreted ages and spine interpreted ages in fish with spine interpreted 

ages of 10. Error bars represent 1 standard deviation around the mean scale ages. 
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Figure 7.- Mean Largemouth Bass structure confidence for scales, dorsal spines, and otoliths 

compared against one another at each age group. Asterisks denote significant differences found 

by ANOVA (p < 0.05) in mean confidence between structures. Error bars denote 95% 

confidence intervals for all mean confidences composed of more than one unique confidence 

value. 
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Figure 8.- Mean scale interpreted ages plotted against their associated otolith ages in 

Largemouth Bass. The dashed line represents a 1:1 agreement between scale interpreted ages and 

otolith interpreted ages. Asterisks denote a significant difference found by paired Student’s T-

tests (p < 0.05) between scale interpreted ages and otolith interpreted ages at a given otolith age 

group. Error bars represent 1 standard deviation around the mean scale ages. 
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Figure 9.- Mean spine interpreted ages plotted against their associated otolith ages in 

Largemouth Bass. The dashed line represents a 1:1 agreement between spine interpreted ages 

and otolith interpreted ages. Asterisks denote a significant difference found by paired Student’s 

T-tests (p < 0.05) between spine interpreted ages and otolith interpreted ages at a given otolith 

age group. Error bars represent 1 standard deviation around the mean spine ages. 
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Figure 10.- Mean scale interpreted ages plotted against their associated spine ages in 

Largemouth Bass. The dashed line represents a 1:1 agreement between scale interpreted ages and 

spine interpreted ages. Asterisks denote significant differences found by paired Student’s T-tests 

(p < 0.05) between scale interpreted ages and spine interpreted ages in spine age groups 8, 9 and 

10. Error bars represent 1 standard deviation around the mean scale ages. 
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Figure 11.- A) Tournament Smallmouth Bass age distribution constructed from otolith 

interpreted ages. Total sample size is 83. All samples were collected from 2012 tournaments. B) 

Tournament Largemouth Bass age distribution constructed from otolith interpreted ages. Total 

sample size is 50. All samples were collected from 2013 tournaments. 
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Figure 12.- Length distribution of all tournament sampled Smallmouth Bass (n = 2574) and 

Largemouth Bass (n = 2052) between the years of 2012 and 2014. 
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Figure 13.- Weight versus fork length scatter plot for Smallmouth Bass (n = 193) and 

Largemouth Bass (n = 72). Samples are collected from tournaments throughout the study period 

(2012-2014). 
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Figure 14.- Mean lengths-at-age for tournament Smallmouth and Largemouth Bass determined 

using scale back-calculated lengths-at-age. Error bars represent one standard deviation. The 

dotted and dashed lines represent breakpoint values for the Smallmouth and Largemouth Bass 

growth curves respectively.  
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Figure 15.- Change in mean length between years of growth calculated using back-calculated 

length at age data. 
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Figure 16.- A) Length frequency distribution of scale aged 6 year old Largemouth Bass in June 

2013 and September 2013. B) Length frequency distribution of scale aged 7 year old 

Largemouth Bass in June 2013 and September 2013. C) Length frequency distribution of scale 

aged 8 year old Largemouth Bass in June 2013 and September 2013. 
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Table 1.- Smallmouth Bass structure confidence: Mean structure confidence values for all 

Smallmouth Bass aging structures separated by structure age 

 

  

Structure 

Age 

Mean Scale 

Confidence 

95% 

CI 

Mean Spine 

Confidence 

95% 

CI 

Mean Otolith 

Confidence 

95% 

CI 

3 4.00 (n = 1) - - - - - 

4 9.00 (n = 2) - 8.00 (n = 3) 0.69 8.67 (n = 3) 0.40 

5 8.40 (n = 5) 0.38 7.00 (n = 3) 0.74 8.75 (n = 4) 0.35 

6 8.00 (n = 7) 0.57 7.40 (n = 5) 0.66 8.75 (n = 4) 0.35 

7 7.94 (n = 33) 0.64 7.95 (n = 37) 0.82 8.69 (n = 36) 0.43 

8 7.33 (n = 12) 0.48 7.20 (n = 5) 0.33 7.60 (n = 5) 1.24 

9 7.30 (n = 10) 0.50 7.30 (n = 10) 0.86 8.29 (n = 9) 0.52 

10 7.22 (n = 9) 0.49 6.67 (n = 9) 1.06 8.62 (n = 13) 0.35 

11 7.00 (n = 1) - 5.00 (n = 2) - 8.80 (n = 5) 0.31 

12 - - - - - - 

13 5.00 (n = 1) - - - 8.67 (n = 3) 0.40 

14 - - - - 8.00 (n = 1) - 

15 - - - - 8.00 (n = 1) - 

16 - - - - - - 

17 - - - - 9.00 (n = 1) - 
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Table 2.- Smallmouth Bass structure confidence ANOVA statistics: Analysis of variance 

between the three structures at each age group. F-statistic subscripts denote degrees of freedom. 

P-values are rounded to the nearest 1/1000th. 

Age Group F-statistic P-value 

4 F2,5 = 1.25 0.363 

5 F2,9 = 6.51 0.018 

6 F2,13 = 3.31 0.069 

7 F2,103 = 8.50 0.000 

8 F2,19 = 2.42 0.788 

9 F2,24 = 3.08 0.064 

10 F2,28 = 15.24 0.000 
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Table 3.- Smallmouth Bass otolith age versus scale age Student’s T-test statistics: T-statistic 

subscripts represent degrees of freedom. P-values are rounded to the nearest 1/1000
th

. 

Otolith Age 

Group T-statistic P-value 

4 t2 = -1.00 0.211 

5 - - 

6 t3 = 0.00 0.500 

7 t33 = 0.00 0.500 

8 t4 = -3.16 0.017 

9 t6 = -1.55 0.086 

10 t12 = -4.50 0.000 

11 t4 = -5.88 0.002 

12 - - 

13 t2 = -5.50 0.016 
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Table 4.- Smallmouth Bass otolith age versus spine age Student’s T-test statistics: T-statistic 

subscripts denote degrees of freedom. P-values are rounded to the nearest 1/1000
th

. 

Otolith Age 

Group T-statistic P-value 

5 t3 = 1.00 0.805 

6 t2 = 1.00 0.789 

7 t34 = 0.70 0.756 

8 t3 = -3.00 0.029 

9 t4 = -1.00 0.187 

10 t11 = -3.46 0.003 

11 t3 = -2.33 0.051 

12 - - 

13 t2 = -8.00 0.008 
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Table 5.- Smallmouth Bass spine age versus scale age Student’s T-test statistics: T-statistic 

subscripts denote degrees of freedom. P-values are rounded to the nearest 1/1000
th

. 

Spine Age 

Group T-statistic P-value 

4 t2 = -1.00 0.211 

5 - - 

6 t4 =0.00 0.500 

7 t34 = 0.50 0.688 

8 t4 = -0.54 0.311 

9 t9 = -0.43 0.339 

10 t8 = -4.40 0.001 

11 t1 = -1.00 0.250 
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Table 6.- Largemouth Bass structure confidence: Mean structure confidence values for all 

Largemouth Bass aging structures separated by structure age. 

Structure 

Age 

Mean Scale 

Confidence 

95% 

CI 

Mean Spine 

Confidence 

95% 

CI 

Mean Otolith 

Confidence 

95% 

CI 

2 8.00 (n = 1) - 6.00 (n = 1) - 9.00 (n = 1) - 

3 8.00 (n = 5) - 8.00 (n = 5) 0.69 8.60 (n = 5) 0.62 

4 8.00 (n = 1) - 9.00 (n = 1) - 8.00 (n = 1) - 

5 8.50 (n = 2) 0.49 - - - - 

6 7.17 (n = 6) 0.30 6.33 (n = 3) 1.67 9.00 (n = 2) - 

7 7.13 (n = 16) 0.53 7.22 (n = 9) 0.49 8.00 (n = 2) 0.98 

8 7.08 (n = 25) 0.42 6.29 (n = 21) 1.14 8.65 (n = 17) 0.49 

9 6.42 (n = 12) 0.93 5.79 (n = 19) 1.39 8.61 (n = 23) 0.50 

10 7.00 (n = 1) - 5.33 (n = 9) 1.07 8.22 (n = 9) 0.58 

11 6.00 (n =1) - 4.33 (n = 3) 0.57 9.00 (n = 3) - 

12 - - 4.00 (n = 1) - 8.00 (n = 5) 0.49 

13 - - - - - - 

14 - - - - 9.00 (n = 2) - 

15 - - - - 9.00 (n = 1) - 

16 - - - - - - 

17 - - - - - - 

18 - - - - 8.00 (n = 1) - 

 

  



54 
 

Table 7.- Largemouth Bass structure confidence ANOVA statistics: Analysis of variance 

conducted between the three aging structures at each age group. F-statistic subscripts denote 

degrees of freedom. P-values are rounded to the nearest 1/1000
th

. 

Age Group F-statistic P-value 

3 F2,12 = 1.00 0.397 

4 - - 

5 - - 

6 F2,8 = 3.66 0.075 

7 F2,24 = 1.23 0.311 

8 F2,60 = 28.6 0.000 

9 F2,51 = 32.3 0.000 

10 F2,16 = 17.1 0.000 

11 F2,4 = 99.1 0.000 
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Table 8.- Largemouth Bass otolith age versus scale age Student’s T-test statistics: T-statistic 

subscripts represent degrees of freedom. P-values are rounded to the nearest 1/1000
th

. 

Otolith Age 

Group T-statistic P-value 

6 t1 = -1.00 0.250 

7 t1 = 1.00 0.750 

8 t15 = -3.00 0.004 

9 t21 = 6.38 0.000 

10 t8 = -12.00 0.000 

11 t2 = -7.00 0.010 

12 t4 = -5.66 0.002 

13 - - 

14 t1 = -3.00 0.102 
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Table 9.- Largemouth Bass otolith age versus spine age Student’s T-test statistics: T-statistic 

subscripts denote degrees of freedom. P-values are rounded to the nearest 1/1000
th

. 

Otolith Age 

Group T-statistic P-value 

8 t16 = -0.62 0.272 

9 t22 = -2.79 0.005 

10 t8 = -2.10 0.034 

11 t2 = -4.00 0.029 

12 t4 = -14.00 0.000 

13 - - 

14 t1 = -4.00 0.078 
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Table 10.- Largemouth Bass spine age versus scale age T-statistics: T-statistic subscripts denote 

degrees of freedom. P-values are rounded to the nearest 1/1000
th

. 

Spine Age 

Group T-statistic P-value 

6 t2 = -1.00 0.211 

7 t8 = 0.69 0.744 

8 t18 = -2.45 0.012 

9 t18 = -3.92 0.000 

10 t8 = -6.83 0.000 

11 t2 = -1.89 0.100 
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Table 11.- Smallmouth Bass back calculated total lengths: Mean scale back calculated total 

lengths for Smallmouth Bass. Age zero total length is fixed at 35 mm as per Carlander (1982). 

Mean lengths of highlighted rows include empirical lengths of aged fish not used in the back 

calculation method. 

 

  

Age 

Mean Back Calculated 

Total Length (mm) 

Standard 

Deviation 

0 35 - 

1 117.21 (n = 8) 18.23 

2 175.72 (n = 8) 33.6 

3 231.28 (n = 8) 41.68 

4 289.63 (n = 8) 42.23 

5 338.57 (n = 8) 40.51 

6 385.15 (n = 8) 32.49 

7 415.87 (n = 8) 28.61 

8 432.87 (n = 7) 33.15 

9 450.14 (n = 7) 19.7 

10 462.08 (n = 13) 19.87 
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Table 12.- Largemouth Bass back calculated total lengths: Mean scale back calculated total 

lengths for Largemouth Bass. Age zero total length is fixed at 20 mm as per Carlander (1982). 

Mean lengths of highlighted rows include empirical lengths of aged fish not used in the back 

calculation method. 

Age 

Mean Back Calculated 

Total Length (mm) 

Standard 

Deviation 

0 20 - 

1 112.04 (n = 6) 34.08 

2 187.56 (n = 6) 46.91 

3 282.1 (n = 6) 40.27 

4 335.55 (n = 6) 38.64 

5 359.36 (n = 6) 37.31 

6 381.41 (n = 6) 41.69 

7 407.91 (n = 6) 32.05 

8 421.69 (n = 5) 29.28 

9 431.48 (n = 23) 17.05 

10 434 (n = 9) 19.43 
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Table 13.- Annual change in length of tournament black bass: Values calculated by taking the 

difference between mean back calculated lengths at each age group.  

Year of Growth: 1
st
 2

nd
 3

rd
 4

th
 5

th
 6

th
 7

th
 8

th
 9

th
 10

th
 

Largemouth Bass Change 

in Total Length (mm) 92 75 95 53 24 22 26 14 10 3 

Smallmouth Bass Change 

in Total Length (mm) 82 58 56 58 49 47 30 17 18 12 
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Chapter 4: Discussion 

4.1: Tournament Sampling and Assessment of Lake Ontario Bass Populations 

 As discussed previously, black bass are one of the most socially and economically 

valuable sport fish species in North America. It is therefore extremely important for us to 

understand as much about the biology of these populations as possible so that we can use them 

sustainably.  

In general, the assessments of freshwater recreational species in North America are 

conducted by state or provincial management agencies. In Ontario, the Ontario Ministry of 

Natural Resources and Forestry (OMNRF) conducts regular assessment programs of fish 

communities in publically accessible water bodies. For some species, however, important 

segments of the population are underrepresented in these assessment programs. The 2012 annual 

report of the Lake Ontario Management Unit (LOMU) outlines the current and historical status 

of Smallmouth and Largemouth Bass in Lake Ontario and the Bay of Quinte as sampled by the 

OMNR (now OMNRF) index gill netting and trawling programs (Ontario Ministry of Natural 

Resources, 2013). Adapted Smallmouth Bass and Largemouth Bass data from the LOMU 2012 

annual report are presented in tables 14 and 15. A large discrepancy can be observed in catch 

rates for both Smallmouth and Largemouth Bass based on method of sampling (index gill netting 

versus index trawls) and between sampling sites. The OMNRF’s index gill netting program uses 

nets with 10 different mesh sizes (38 to 152 mm at 13 mm intervals) and sets their nets at 5 

different depths (7.5 to  27.5 m at 5 m intervals). This design is optimal for large scale fish 

community assessments but does not take into consideration the ecology or behaviour of 

individual species. Therefore, these broad scale assessment programs may not necessarily be 
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optimal for detecting all species at rates that reflect their abundances relative to other species. 

The low catch rates for both Smallmouth and Largemouth Bass in OMNRF index gill netting 

programs suggest that Smallmouth and Largemouth Bass may not be fully susceptible to the gear 

used in these assessments. 

 Assessments of economically/socially important game species are also frequently 

conducted by non-government organizations and academic institutions. These independent 

researchers are more capable of specifically targeting individual species by utilizing customized 

sampling gear and at times even rod and reel angling (Ridgway and Shuter, 1996; Furimsky et 

al., 2003; Hanson et al., 2007). A limitation of this type of sampling is the logistical difficulty of 

obtaining a large enough sample (particularly in a study area as large as the Great Lakes) for use 

in population scale assessments.    

Sampling through competitive tournaments is an alternative to these traditional forms of 

assessment. If competitive angling events are considered in the context of fisheries assessment, 

then they can be thought of as a highly specialized and efficient sampling tool for adult fish. In 

contrast to the broad scale assessment programs run by management agencies described above, 

competitive angling events typically target one specific species. With so many participants at 

each event, the numbers of fish encountered at each competitive event are typically in the 

hundreds.  

 Sampling through tournaments is extremely efficient. Throughout the course of this 

study, sampling periods at competitive angling events usually lasted between 1 and 2 hours (not 

including travel time) per day depending on the size of the tournament. The number of fish that 

could be sampled at these events ranged from 80 to 240 fish per day, but this also depended on 

the size of the tournament. A conservative estimate of number of fish sampled per hour at 
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tournaments would be 40 fish / sampling hour / sampling team. Experienced sampling teams 

would be able to improve upon this estimate. By comparison, creel survey results from the 2012 

LOMU annual report shows that recreational angling catch per unit effort of Smallmouth Bass 

and Largemouth Bass were 0.299 and 0.613 fish caught per angling hour respectively. Thus, in 

comparison to sampling by angling (a method used frequently by individual fisheries research 

laboratories) (Ridgway and Shuter, 1996; Furimsky et al., 2003; Hanson et al., 2007), 

tournaments can improve sampling efficiency by almost two orders of magnitude.  

 In addition to improving sampling efficiency, using tournaments as sampling tools for 

bass populations provides other significant benefits as well. Sampling at tournaments greatly 

reduces sampling costs (Roberge, 2004) due in part to having access to individuals from across a 

large study area without the need to actually traverse the entire study area. Tournaments also 

provide an excellent outlet for increasing public awareness, particularly with members of the 

public who are likely to be interested with the research being conducted.  

 While there are many benefits to using tournaments as sampling tools, it is important to 

note that there are also some limitations to this approach. For example, the individuals sampled 

through tournaments do not represent a random sample of the entire population. Since anglers 

are targeting the largest individuals in the population, tournament sampled individuals are 

skewed heavily towards the older portion of the population. Structure aging by the OMNRF 

show that Smallmouth Bass collected from near shore trap netting programs between the years of 

2007 and 2013 had mean ages of 3.8 years (scale ages) (ranging from 1 – 8 year old fish), and 

Largemouth Bass collected from near shore trap netting programs between the years of 2007 and 

2013 had mean ages of 3.2 years (scale ages) (ranging from 0 – 8 year old fish) (personal 

communications, Jeremy Holden). In contrast, Smallmouth Bass sampled at tournaments in 2012 
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had mean scale ages of 7.5 years while Largemouth Bass sampled at tournaments in 2013 had 

mean scale ages of 6.8 years. Additionally, younger tournament sampled individuals (3, 4, 5 and 

6 year olds) are not representative of all fish in their respective age categories in terms of size 

and growth rates. Since competitive anglers only keep the largest fish, young fish kept by anglers 

typically represent the largest and fastest growing fish in their year class.  

Tournaments are excellent sampling tools for large numbers of adult fish. These old adult 

fish are largely absent from OMNRF assessment programs for unknown reasons. Even though 

data obtained from tournaments are limited by their lack of younger fish, tournament data can be 

used in conjunction with OMNRF assessment data to develop a more complete understanding of 

the whole population. The adult fish sampled through tournaments clearly represent an important 

component of the population. Data from mature spawning fish in a population are necessary in 

order to fully understand a variety of fisheries metrics which are described below.  

4.2: Aging Structures 

Reliable age data (including data from the oldest fish in the population) is essential in 

order to fully understand the ecology of fish populations. Accurate age data is linked to a number 

of important fisheries parameters such as growth, mortality rates, population structure, biomass, 

and yield (Long and Fisher, 2001; Rude et al., 2012). Inaccurate age estimation can result in 

erroneous measures of the previously listed fisheries parameters which can lead to ineffective or 

even detrimental management strategies (Beamish and McFarlane, 1983; Lai and Gunderson, 

1987; Reeves, 2003; Yule et al., 2008).  

Despite the importance of Lake Ontario bass populations as a recreational fishery, many 

aspects of their ecology have yet to be described. For example, at this time there is very limited 

information about the age and growth parameters of Lake Ontario bass populations. In this study, 
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scales, dorsal spines and otoliths sampled from tournament bass were used to obtain age data. In 

order to determine the quality and usefulness of each aging structure, I also evaluated three 

important characteristics for each structure: reliability; accuracy; and processing costs. 

Reliability in aging structures typically refers to one of two measures. First, reliability 

may refer to the propensity of different agers to arrive at the same interpreted age when aging the 

same structure (this may be more concisely described as structure precision) (Campana et al., 

1995). This measure of reliability is only relevant in cases where multiple interpretations of the 

same structure are done by multiple interpreters. In studies where there is only one interpreter (as 

was the case in this study), structure reliability refers to the confidence associated with an 

interpreted age (the clarity of each annulus) (Ihde and Chittenden, 2002).  

The results from this study show that otoliths produce interpreted ages with high 

confidence at all ages in both Smallmouth and Largemouth Bass (figure 3, 7). Scale and spine 

confidences are at their highest in young individuals for both species, but even at these young 

ages, otolith confidences are generally still higher. Similarly, Ihde and Chittenden (2002) found 

that sectioned otoliths produced the highest confidence scores in Spotted Seatrout when 

compared to dorsal fin spines, scales and whole otoliths. However Ihde and Chittenden (2002) 

did not report any variation in confidence scores with increasing age. This was likely due to the 

short lifespan of the Spotted Seatrout and the narrow age range through which their study was 

conducted. In another study on Bluefish aging structures, authors also found that sectioned 

otoliths produced the highest confidence scores out of all structures but found that confidence in 

otoliths decreased as fish age increased (Sipe and Chittenden, 2002). To my knowledge, this is 

the first study to examine aging structure confidence in bass. In this study, it was found that 

while spines and scales produced confidence scores that decreased with age, otolith sections 
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appear to be consistently reliable even at very old ages in bass. Using between reader precision 

as a measure of reliability, Maceina and Sammons (2006) found similarly that sectioned otoliths 

had consistently high between reader precision and that scales had poor between reader precision 

that decreased in older fish. 

The second characteristic found in a good aging structure is accuracy (the interpreted age 

vs. the actual age of the fish). Since the actual age of wild fish cannot be known with certainty, I 

used otolith interpreted ages as a basis of comparison for the accuracy of other structures. Otolith 

interpreted ages are the best approximation for the actual age of wild fish since otoliths have long 

been considered the most accurate aging structure in fisheries science (Besler, 1999; Campana 

and Thorrold, 2001; Maceina et al., 2007). This approach is further supported by the fact that the 

formation of annual rings on otoliths has been validated in previous studies for Smallmouth and 

Largemouth Bass (Taubert and Tranquilli, 1982; Heidinger and Clodfelter 1987; DeVries and 

Frie 1996).  

The results show that both scales and spines underestimate otolith age in older fish for 

Smallmouth and Largemouth Bass. Figures 4 and 5 illustrate the accuracy of scales and spines 

respectively relative to otoliths in Smallmouth Bass. The ages from both scales and spines agree 

closely with otolith ages up until age 9, but then underestimate otolith age in older fish. The 

results of the otolith versus scale and spine age comparisons suggest that scale ages and spine 

ages should be similar across all age groups. Figure 6 confirms this and shows that scale and 

spine ages do indeed agree across all age groups (with one minor exception at age 10). Figures 8, 

9 and 10 provide the same analysis for Largemouth Bass. Scales agree with otolith ages up until 

age 7 and underestimate otolith age in older fish. Spines agree with otolith ages up until age 8 

(small underestimation at age 9) and underestimate otolith age in older fish. For Largemouth 
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Bass, spines appear to be more accurate than scales in older fish. While both scales and spines 

underestimate otolith age in old fish, figure 10 shows that scales underestimate spine age in fish 

older than 7. This result suggests that spine ages are a closer approximation of otolith age than 

scale ages in older fish. A recent study of aging structures in Largemouth Bass from South 

Africa found similarly that scales underestimated otolith age in older fish, however the 

underestimation of otolith ages by scales began at a much younger age in these South African 

fish (beginning at age 4) (Taylor and Weyl, 2012). In contrast to the results in the present study, 

Besler (1999) examined scale accuracy against sectioned otolith ages for Largemouth Bass 

populations in North Carolina and found that scale ages disagreed with otolith ages at all ages. 

Even in fish with young otoliths ages, Besler (1999) found that scales usually overestimated 

otolith age by 1 year. This may have been caused by misinterpretations of the first annulus in 

otoliths which are sometimes obscured by high bone density near the origin of growth.  

The final characteristic of aging structures that was examined in this study was the costs 

associated with the use of each structure. Evaluation of costs is important when choosing 

between aging structures since many independent labs and even government agencies are 

constrained by time and resources. A direct evaluation of costs associated with aging structures 

is quite rare in the literature. One study investigated the processing times associated with scales, 

sectioned dorsal spines, sectioned pectoral fin rays and sectioned otoliths in Spotted Seatrout and 

found that processing time was similar between scales, spines and otoliths (although it is unclear 

if the authors accounted for epoxy cure time for the spine and otolith sections) (Ihde and 

Chittenden, 2002). Sotola et al. (2014) explored the potential of using opercule bones as a 

cheaper alternative to otolith sections for aging Largemouth and Smallmouth Bass. Many other 

studies that compare the effectiveness of scales versus otoliths (for a variety of species) 
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implicitly evaluate the effectiveness of the cheaper more efficient structure (Besler, 1999; Long 

and Fisher, 2001; Sipe and Chittenden, 2002; Taylor and Weyl, 2012; Rude et al., 2013).  

In this study, I directly compare the relative costs associated with using scales, spines and 

otoliths as aging structures in bass (Table 16). I consider processing costs to be divided into two 

main components: acquisition costs; and preparation costs. Acquisition costs include the time, 

effort and resources necessary to obtain the raw samples (from which interpretation is not 

possible without further processing). Preparation costs include the time, effort and resources 

necessary to convert the raw samples into a form that is ready for interpretation. For scales, 

acquisition costs are very low. At tournaments, each fish can be sampled for numerous scales in 

a matter of seconds. The only tool necessary for the sampling of scales is a hard flat instrument 

with a tip (in this study I used Swiss army knives). Preparation costs for scales are also low. 

Once dried, scales are pressed onto acetate slides (a process that is also completed in a matter of 

seconds) and are immediately ready for interpretation in a microfiche reader. Ihde and 

Chittenden (2002) found that processing times for scales were considerably longer (8 minutes 

each) since their methods required scales to be boiled in water before they were pressed onto 

acetate. Our results indicate that this step is not necessary for scales to be reliably interpreted. 

Acquisition costs for spines are similar to scales, the major difference being that typically only 

one spine should be harvested from each fish and that wire cutters are also necessary for the 

removal of spines. Although these differences are minor, the preparation costs of spines are 

considerably greater than those of scales in terms of time, effort and materials (see methods). 

Acquisition costs of otoliths are greater than those for both scales and spines. The first and 

potentially most important difference in acquisition costs is that in order to sample otoliths, the 

fish must be sacrificed. Although the lethality of using otoliths is not a direct cost to researchers, 
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it is certainly an important factor to consider for organizations that are concerned with the health 

of fish populations, most notably fisheries management agencies (Maceina et al., 2007). 

Additionally, dissection is required to reach the otoliths which are embedded within the heads of 

the fish. The acquisition costs of otoliths are therefore considered to be high relative to scales or 

spines. Once obtained, the preparation costs of otoliths are identical to those of spines. In some 

institutions, further processing of otolith sections may be applied to obtain acetate replicates, 

which accentuates some microstructures relevant for the interpretation of daily growth (personal 

communications, Gary Ridout).  

There are a limited number of earlier studies that have investigated aging structures in 

bass (Besler, 1999; Long and Fisher, 2001; Taylor and Weyl, 2012; Rude et al., 2012; Sotola et 

al., 2014), but this is the first study that thoroughly compares different aging structures from the 

oldest individuals in a population. This is an important aspect of this study since the utility of 

aging structures is known to be affected by age in some species (Besler, 1999; Long and Fisher, 

2001; Sipe and Chittenden, 2002; Taylor and Weyl, 2012).  

Although otoliths may be the most accurate and reliable aging structure available in bass, 

it is important to explore the effectiveness of other aging structures for several reasons. Of the 

structures examined in this study, otoliths are by far the most costly to use for age interpretation. 

Sotola et al. (2014) examine opercules as a cheaper alternative to otoliths. Their results suggest 

that opercules accurately estimate otolith age in fish aged 9 and younger for Largemouth Bass 

and fish aged 5 and younger for Smallmouth Bass. Opercules may be a cheaper alternative to 

otoliths, but the need to lethally sample fish for both of these structures is a strong incentive to 

also explore alternative (non-lethal) aging structures. Multiple management agencies have noted 

that structure lethality is a major consideration when choosing between aging structures 
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(Maceina et al., 2007). In species such as bass that are important to recreational fisheries, lethal 

sampling may only be appropriate for the younger, more abundant fish in the population. 

Pectoral fin rays have been investigated as an alternative non-lethal aging structure by Rude et al. 

(2013) for Smallmouth Bass. Rude et al. (2013) found that fin rays were only effective in young 

fish (less than age 5). The results of this study indicate that neither opercules (Sotola et al., 

2014), nor pectoral fin rays (Rude et al., 2013) should be considered as alternative aging 

structures for otoliths. As compared to opercules, this study found that scales provide 

approximately the same agreement with otolith age in Largemouth Bass, much higher agreement 

with otolith age in Smallmouth Bass and do not require fish to be lethally sampled (as opercules 

do)(Sotola et al., 2014). When compared to pectoral fin rays, scales provide better age agreement 

with otoliths and are less costly to process since pectoral fin rays need to be sectioned and 

undergo a similar preparation process to that of otoliths (Rude et al., 2013).  

Our aging results identify the age at which the quality of scales and spines begin to 

deteriorate relative to otoliths. This “transitional age” is the oldest age group in which scales and 

spines provide age estimates that agree with otolith age, while maintaining a high level of 

structure confidence (>7). For Smallmouth Bass, the transitional age appears to be 9. For 

Largemouth Bass, the transitional age occurs earlier at 7. Although otolith confidences are higher 

than scale confidences even at ages younger than the transitional age, the magnitude of the 

difference is small. In Smallmouth Bass, a significant difference in structure confidences exists 

at age 7, but mean structure confidences differ by less than 0.8 between scales (mean confidence 

7.9) and otoliths (mean confidence 8.7). For reference, figure 17 provides examples of aging 

structures with different confidences.  
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The term “transitional age” is used in this thesis for the first time to describe ages at 

which various aging structures lose their effectiveness. However, several studies have similarly 

identified ages at which aging structures become less reliable and accurate in other species. Sipe 

and Chittenden (2002) found that scales became ineffective as an aging structure for Bluefish 

after age 4. Rude et al. (2013) found that pectoral fin rays were an effective aging structure up to 

age 4 in Smallmouth Bass. Buckmeier et al. (2002) determined that pectoral spine sections were 

only a suitable aging structure for Channel Catfish up until age 4. Most of these studies draw 

their conclusions from either precision estimates or accuracy estimates, but this study is one of 

the first to examine both along with costs when determining the utility of aging structures. The 

confidence with which we can discuss transitional age in aging structures is important because 

this concept has strong implications for fisheries manager since it allows them to make more 

informed decisions with respect to their aging studies. 

The results of this study clearly indicate that transitional ages are an important 

consideration when choosing between aging structures. More specifically, since scales or spines 

are capable of producing accurate age estimates without the need for lethal sampling, otoliths 

should not be used when the expected mean age of the population is less than 9 for Smallmouth 

Bass and less than 7 for Largemouth Bass. In situations where either scales or spines could be 

used, scales should be preferred over spines since they produce comparable age estimates at most 

ages and also have much lower processing costs. For Largemouth Bass over the age of 7, but 

under the age of 10, spines do provide age estimates that agree better with otolith ages, however, 

the confidences associated with these estimates are poor (6.3 for 8 year olds, and 5.8 for 9 year 

olds). Otoliths should therefore be the preferred aging structure for Largemouth Bass over the 

age of 7.  
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The transitional age of bass scales can help determine whether otoliths or scales are the 

most suitable aging structure for the Lake Ontario tournament bass population. Figure 11 shows 

the otolith interpreted age distributions of tournament caught Lake Ontario Smallmouth and 

Largemouth Bass. Given that the majority of the Smallmouth Bass are aged 9 and younger, the 

results of this study indicate that scales should be able to produce a reasonably accurate age 

distribution of the Lake Ontario tournament Smallmouth Bass population. It is important to note 

however that the right tail-end of the scale interpreted age distribution would be slightly biased 

towards younger fish, and that the oldest fish in the population would not appear on the scale 

interpreted age distribution. For Largemouth Bass, the majority of tournament fish are aged 8 

and older, which indicates that scales would not be able to produce an accurate age distribution 

of the tournament population. It is also important to recognize that if the age of any particular 

fish needs to be determined with certainty, otolith sections should be used. 

During the course of this thesis, another study was published by Sotola et al. (2014) 

which investigated the accuracy of spines, scales and opercules versus otolith sections in 

tournament caught Smallmouth and Largemouth Bass. While there are similarities in the general 

approach between these two studies, there are also several important differences between these 

studies, as well as several weaknesses in the study by Sotola et al. (2014) that are important to 

consider. In the results provided by Sotola et al. (2014), multiple pairwise comparisons between 

structures appear to have linear regressions with non-zero intercepts. An intercept that is 

different than zero indicates that there is a systematic bias in the interpretation of annuli in one or 

both structures (Campana et al., 1995). This issue is particularly troubling in their structural 

comparisons between scales and otoliths and spines and otoliths. In both species, Sotola et al. 

(2014) found that scales and spines overestimated otolith age in very young fish (sometimes by 
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as much as 3 years). If it is assumed that otolith interpreted ages are accurate in Sotola et al. 

(2014) then implicitly one of two things must be true: scales and spines are inaccurate aging 

structures, even at young ages; or interpreters in Sotola et al. (2014) are consistently seeing 

annuli where they do not exist in scales and spines of young fish. In this situation, the latter is 

more likely than the former. In this regard, it is possible that Sotola et al. (2014) incorrectly 

interpreted growth checks resulting from ontogenetic shifts in diet as annuli. Unfortunately, 

however, this explanation does not account for the extreme flatness of their scale/spine vs otolith 

age relationships. Between otolith ages of 1 and 7 (an age at which our results suggest scales and 

spines remain accurate), Sotola’s associated scale and spine ages on average increase by less 

than 3 years, which indicates that their interpreters are missing half of the annuli that form on 

scales and spines between the ages of 1 and 7. These potential problems could be avoided if age 

interpretation techniques were examined thoroughly before structural comparison studies are 

undertaken. It would also appear that Sotola et al. (2014) misinterpreted their own results when 

they suggest that opercules underestimate the ages of fish older than 6 when compared to spines 

in Smallmouth Bass. In their structure age comparison, opercule ages are plotted on the x-axis 

and mean associated spine ages are plotted on the y-axis. When opercule age is greater than 6, 

mean associated spine ages fall below the 1:1 agreement line, which indicates that in fish where 

opercule age is greater than 6, spine estimated age is less than opercule estimated age. This 

means that spines underestimate age when compared to opercules and not vice versa. The 

conclusions drawn by Sotola et al. (2014), which state that otoliths require more experienced 

interpreters and have annuli that are inherently ambiguous and unclear are also in conflict with 

the findings in this thesis and the literature in this area. The results of this study and many others 

have shown that otoliths provide age estimates with high confidence as well as precision 
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(meaning low ambiguity) (Campana, 2001; Ihde and Chittenden, 2002; Rude et al., 2013). 

Finally, Sotola et al. (2014) endorsed the use of opercules as an aging structure in black bass due 

to their “well-defined annuli”, however they do not include any images of opercules 

demonstrating these annuli. In view of the numerous inconsistencies within the study of Sotola et 

al. (2014), it is extremely important that this thesis provide more consistent results and 

conclusions on some of these issues. 

4.3: Growth 

 This study is the first to compare the age and growth characteristics in Smallmouth and 

Largemouth Bass populations within a Great Lake that are frequently targeted by competitive 

fishing events. These species exhibit numerous ecological similarities (Olson and Young, 2003), 

which might be expected from two species that are both included within a single tournament 

fishery. In this study, I also documented differences in size and growth between the two species 

that may explain subtle angler preferences for Smallmouth Bass over Largemouth Bass in Lake 

Ontario tournaments where both species are allowed.  

 Largemouth bass have generally been known to grow faster and to a larger size than 

Smallmouth Bass (Brown et al., 2009). A literature survey of Smallmouth and Largemouth Bass 

populations from North American lakes found that, while growth and size varied dramatically 

across locations, mean total lengths of Largemouth Bass exceeded mean total lengths of 

Smallmouth Bass at every age group (Beamesderfer and North, 1995). Beamesderfer and North 

(1995) found that mean total length of 12 year old Largemouth Bass from North American lakes 

was 514 mm, while mean total length of 12 year old Smallmouth Bass from North American 

lakes was 445 mm. Interestingly, the results of this study are the first to contradict these findings. 

From figures 12 and 13, it can be seen that there is a marked difference in the distribution of 
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sizes in Smallmouth and Largemouth Bass. Tournament angled Smallmouth Bass are not only 

longer than tournament angled Largemouth Bass, but they also have a higher condition factor 

(K). When length-at-age data (from back calculations) is examined, it can be seen that there is a 

period of time in which Largemouth Bass growth exceeds Smallmouth Bass growth. Particularly 

between the ages of 2 and 4, Smallmouth Bass lag significantly behind Largemouth Bass in 

length (figure 14). However, by age 6, the difference in length becomes essentially zero, and in 

subsequent years, Smallmouth Bass slowly outpace Largemouth Bass in growth. Within this data 

set, age 10 is the last age group where a reasonable number of samples exist for both species, but 

even at this age, mean total length for Smallmouth Bass exceeds 462 mm, while mean total 

length for Largemouth Bass only measures 434 mm. The results from this growth study show 

that Lake Ontario contains one of the most unique Smallmouth Bass populations in North 

America.  

 Hoyle et al. (1999) evaluated Smallmouth Bass length-at-age for fish caught in the 

eastern Lake Ontario basin between the years of 1985 and 1998. When the present results are 

compared to these historical values of Smallmouth Bass length-at-age, it can be seen that there 

has been a substantial change in Smallmouth Bass size (table 17). Smallmouth Bass are now 

larger at every age class compared to 30 years ago. By age 10, the difference in mean length 

between present day and historical Lake Ontario Smallmouth Bass is almost 90 mm. The 

apparent change in Smallmouth Bass growth between the 1990’s and now indicates that there has 

been a recent change in the ecology of this population that has resulted in some relatively unique 

growth characteristics. 

Another important measure of growth is the von Bertalanffy growth parameter L∞ 

(Quince et al., 2008).The growth parameter L∞ is the asymptotic maximum length an organism 
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can reach (Hernandez-Llamas and Ratkowsky, 2004; Lester et al., 2004) and was calculated for 

present day Lake Ontario bass populations as well as historical populations from Hoyle et al. 

(1999) using back calculated length-at-age data. L∞ values were found to be consistent with our 

empirically observed trends. Present day Lake Ontario Smallmouth Bass are larger (L∞ = 560 

mm) than both present day Lake Ontario Largemouth Bass (L∞ = 455 mm) and historical Lake 

Ontario Smallmouth Bass (L∞ = 421 mm). It should be noted however that these parameters are 

highly sensitive to the number of age classes present in the data. For example, in calculating the 

historical L∞ parameter, if length data up to only age 10 (instead of 13) is used, L∞ becomes 479 

mm. These L∞ parameters for current day Lake Ontario bass populations should be updated if 

reliable data (of sufficient sample size) for older age classes become available.  

 Numerous factors can affect growth rates in fish. Some of the important factors that 

influence growth rates include diet, length of growing season, prey abundance, and temperature. 

As noted, back calculations of length at age show that for a period of time, Lake Ontario 

Largemouth Bass do grow faster and are larger than Lake Ontario Smallmouth Bass. One 

possible explanation for this observation is a difference in juvenile prey choice. Olson and 

Young (2003) examined diet assemblages of Smallmouth Bass and Largemouth Bass 

populations from 16 lakes in New York State. They found that while diet similarity was high in 

very small and large individuals (young and old individuals), diet similarity between individuals 

measuring 100-150 mm total length was near zero (see figure 2 in Olson and Young, 2003). 

When taxonomic diet composition was examined, Olson and Young (2003) found that 

Largemouth Bass between the lengths of 50-150 mm had diets that consisted almost exclusively 

of fish, while Smallmouth Bass in the same length category had almost no fish in their diets and 

fed mostly on invertebrates (zooplankton, insects and crayfish). Largemouth bass have a larger 
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gape size than Smallmouth Bass, and particularly in smaller individuals, this difference allows 

Largemouth Bass to consume larger prey (fish) at an earlier age than Smallmouth Bass (Olson 

and Young, 2003). Bioenergetic analyses of diet contents have shown that fish generally have a 

higher caloric value by weight than invertebrates such as zooplankton or crayfish (Cummins and 

Wuycheck, 1971). The earlier inclusion of high energy fish in Largemouth Bass diets may be a 

primary cause for fast growing juveniles in this species.   

While gape differences and their effect on prey selection may explain why Largemouth 

Bass grow faster than Smallmouth Bass at young ages, this does not explain why Smallmouth 

Bass grow to a larger size than Largemouth Bass in Lake Ontario, which is in contrast to what is 

seen in other populations. Even historically, adult Smallmouth Bass from Lake Ontario seem to 

have followed the general trend of growing slower and reaching a smaller maximum size (Hoyle 

et al., 1999). Once again, differences in diet may explain these observations. Olson and Young 

(2003) observed that adult Largemouth Bass had diets that were an equal mix of fish and 

crayfish, while adult Smallmouth Bass had diets that consisted primarily of crayfish. Hoyle et al. 

(1999) found that historical Smallmouth Bass from Lake Ontario had diets that consisted of 

approximately 50% crayfish and 50% assorted fish species. In contrast, our preliminary 

evaluation of stomach contents showed that present day Lake Ontario Smallmouth Bass had 

almost no crayfish in their diets (out of 173 items, 3 crayfish were observed). Of the identifiable 

fish items found in stomachs, 22 out of 26 were Round Goby (Neogobius melanostomus), a non-

indigenous species that had not been exposed to Smallmouth Bass populations historically 

(appendix A2). A Lake Erie study on the impacts of Round Goby on Smallmouth Bass growth 

found that Round Goby improved the transition to piscivory for young of year Smallmouth Bass 

and generally improved growth since round goby have high caloric value in comparison to 
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crayfish and other invertebrates (Steinhart et al., 2004). This explanation for high growth rates in 

Smallmouth Bass is consistent with the changes in growth through time since Round Goby only 

became prevalent in Lake Ontario and the Bay of Quinte starting in the late 1990’s (Ontario 

Ministry of Natural Resources, 2011).  

The introduction of a new abundant prey source is likely to change the growth trajectories 

and body conditions of native predators (Crane et al., 2015). A recent study investigating the 

effects of Round Goby incorporation into the diets of 4 native piscivores in Lake Ontario and 

Lake Erie showed that body condition of predators changed variably between pre- and post-

invasion time periods (Crane et al., 2015). Of the 4 species examined by Crane et al. (2015), only 

Smallmouth Bass exhibited an increase in body condition at all length classes. The authors 

proposed that due to the similarities in their preferred habitats, and the apparent palatability of 

Round Goby in Smallmouth Bass (75% of diet by dry weight), the increase in growth of 

Smallmouth Bass was to be expected (Crane et al., 2005). 

Changes in growth rate may provide valuable information about the development of fish 

species. Lester et al. (2004) showed that the classical von Bertalanffy growth model only 

describes growth well in fish that are already mature. They instead proposed that growth should 

be described in two phases, a linear phase where fish allocate all resources into somatic growth 

pre-maturity, and a second phase following a von Bertalanffy growth trajectory post-maturity 

(Lester et al., 2004). Estimates of growth rate (h0) (Lester et al., 2004) during the somatic growth 

phase (linear phase) for Smallmouth and Largemouth Bass in our populations are 64.2 mm/year 

and 94.0 mm/year respectively. Breakpoint analysis on the back calculated length-at-age curves 

from our study reveal that the linear growth phase ends at 3.7 years for Largemouth Bass and 6.3 

years for Smallmouth Bass. According to the biphasic growth model, our results would indicate 
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that Lake Ontario Smallmouth Bass populations mature between the ages of 6 and 7 while Lake 

Ontario Largemouth Bass populations mature between the ages of 3 and 4. These results once 

again set Lake Ontario bass populations apart from other North American bass populations. 

Estimates of Smallmouth Bass age at maturity vary widely across the literature ranging from 2 

years up to 6 years (Turner and MacCrimmon, 1970; MacMillan et al., 2002; Brown et al., 

2009), but the present results even fall outside of this range. Similarly, for Largemouth Bass, 

literature estimates of age at maturity are inconsistent. Although recent studies are scarce, 

historical estimates place the minimum size at maturity for Largemouth Bass between 122 – 250 

mm total length (Nieman et al., 1979). In the present study, Lake Ontario Largemouth Bass that 

mature between the ages of 3 and 4 will have sizes at maturity of 282 – 336 mm total length. 

Since this study did not specifically investigate reproduction, these apparent differences in ages 

at maturity between Lake Ontario bass and other North American bass populations should be 

viewed with caution. However, since reproduction is so closely linked to size and growth, it is 

likely that the factors responsible for the unique growth of bass in Lake Ontario are affecting 

shifts in age at maturity. This issue probably warrants further investigation. 

The final aspect of growth that was examined using tournament data was seasonal 

growth. Seasonal growth analysis in this study used tournament data from the second weekend in 

June, and the last weekend in September. Growth during this period was considered to be a good 

representation of summer growth. It was also expected that summer growth rates would exceed 

growth rates across the entire growing season. This is due to the fact that the beginning of the 

growing season is often devoted to spawning rather than feeding. At the end of the growing 

season, activity and prey abundance also decrease as temperatures decrease and winter 

approaches. As anticipated, the results in this study indicate that average daily growth in the 
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summer (June – September) is greater than average daily growth across the entire growing 

season (May – November). However, the magnitude of this difference is relatively small. From 

the length at age curve, I estimate that Largemouth Bass grow 14 mm between their 7
th

 and 8
th

 

years. Expressed as a proportion of body size, annual growth of 7 year old Largemouth Bass 

would equal a 3.4% increase in length. From seasonal growth data, the same analysis shows that 

summer growth in age 7 Largemouth Bass produces a 2.1% increase in length. After accounting 

for length of growing season (105 days for seasonal growth, and 180 days for annual growth), 

seasonal growth only exceeds annual growth by ~5% (Agriculture and Agri-Food Canada, 2014). 

There are a variety of reasons that could explain why this difference is so small. For example, 

there is an intrinsic lag between energy consumption and somatic growth, so growth caused by 

late summer feeding may only be realized at the end of the growing season, thus reducing the 

growth that occurs during the summer. Additionally, some growth may occur outside of the 

growing season. Anglers have reported catching bass while ice fishing in the winter, which 

suggests that some bass are still feeding during the winter.  
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Figure 17.- A) 6 year old Smallmouth Bass scale with an associated confidence rating of 9. All 

annuli are clearly visible with no obviously ambiguous regions on the scale. The edge is also 

clearly defined and not considered an annuli since this particular scale was sampled in July (well 

into the growing season). B) 8 year old Smallmouth Bass scale with an associated confidence 

rating of 7. The confidence rating is 7 because the third annulus is ambiguous, and the region 

between the third and fourth annuli has atypical spacing. The edge of the structure is also not 

well defined. C) 7 year old Smallmouth Bass dorsal spine section with an associated confidence 

rating of 8. All of the annuli are well defined in at least 75% of the structure (the top right region 

is slightly less clear), and the first annulus is partially obstructed by the spinal fluid. D) 9 year 

old Smallmouth Bass dorsal spine section with an associated confidence rating of 5. The visible 

annuli are not well defined, and the edge appears to have several annuli stacked together in such 

a way that it is difficult to definitively enumerate them. E) 17 year old Smallmouth Bass otolith 

section with an associated confidence rating of 9. All annuli are clearly visible in all regions of 

the otolith. F) 18 year old Largemouth Bass otolith section with an associated confidence rating 

of 8. All annuli are visible in most regions of the structure. Annuli 12 through 15 are tightly 

spaced which may be due to a slight miss-cut of the structure at the wrong angle. Still all annuli 

are easily enumerated to give a predicted age. 

  

F. 
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Table 14.- Lake Ontario Management Unit 2012 annual report index gill net data: Adapted from 

Ontario Ministry of Natural Resources, 2012 

Index Gill Netting 

Data 

2010 2011 2012 

Smallmouth Bass 

presence/absence 

6/12 gill net sites 6/12 gill net sites 5/12 gill net sites 

Maximum catch per 

gillnet in detected sites 

0.60 0.50 0.05 

Minimum catch per 

gillnet in detected sites 

0.05 0.05 0.05 

Largemouth bass 

presence/absence 

1/12 gill net sites 0/12 gill net sites 0/12 gill net sites 

Maximum catch per 

gillnet in detected sites 

0.17 - - 

Minimum catch per 

gillnet in detected sites 

0.17 - - 
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Table 15.- Lake Ontario Management Unit 2012 annual report index trawl data: Adapted from 

Ontario Ministry of Natural Resources, 2012. 

Index Trawl Data 2010 2011 2012 

Smallmouth Bass 

presence/absence 

0/10 trawl sites 2/10 trawl sites 0/10 trawl sites 

Maximum catch per 

trawl in detected sites 

- 0.125 - 

Minimum catch per 

trawl in detected sites 

- 0.125 - 

Largemouth Bass 

presence/absence 

6/10 trawl sites 5/10 trawl sites 5/10 trawl sites 

Maximum catch per 

trawl in detected sites 

6.875 14.125 11.25 

Minimum catch per 

trawl in detected sites 

0.083 0.125 0.375 
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Table 16.- Summary of costs associated with aging structures. 

Structure: Acquisition Costs Preparation Costs 

Scales Low Low 

Dorsal Spines Low High 

Otoliths High High 
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Table 17.- Present day versus historical Smallmouth Bass total length-at-age values: Historical 

values are estimated from figure 6 in Hoyle et al., 1999. Historical values were also presented in 

the form of fork length, estimates were converted to total lengths from fork lengths by using the 

equation Log(TL) = 0.9936(Log(FL)) + 0.0395 which is derived using a simple linear regression 

on our empirical Smallmouth Bass length data.  

Age Current Study: Total 

Length (mm) 

Hoyle et al., 1999: 

Total Length (mm) 

2 176 153.8 

3 231 190.7 

4 290 227.5 

5 339 269.5 

6 385 306.3 

7 416 327.3 

8 433 358.7 

9 450 369.2 

10 462 374.5 

11 NA 379.7 

12 NA 390.2 

13 NA 382.8 
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Chapter 5: Summary and Conclusions 

 Smallmouth and Largemouth Bass are important recreational fish species in Lake Ontario 

and the Bay of Quinte. Not only do they contribute to an economically important industry, but as 

top tier predators, they also play an important ecological role in their fish communities. The 

cultural and social significance of these populations should be considered as well. In the current 

era of constant urbanization and technological advancement, recreational fisheries provide 

people with a way to stay connected with the natural world. For these reasons, it is important that 

we understand as much about these species as possible so that their fisheries can be managed 

sustainably. 

 Throughout the course of this 3 summer study, it was found that competitive fishing 

tournaments are an excellent source of biological information when used as a sampling tool. We 

now know that Lake Ontario and the Bay of Quinte contains a significant population of large 

adult bass that are currently under-represented in OMNRF assessment programs. Using aging 

structures sampled from tournaments, age and growth data that was previously unavailable for 

bass populations in Lake Ontario were obtained. Various life history parameters including annual 

survival rate (S), instantaneous mortality rate (Z) and the von Bertalanffy growth parameters L∞, 

K (growth rate) and t0 (age at size zero) were all estimated from tournament collected data. It 

should be recognized that the reliability of these estimates depend on the size of the sample and 

the range of age classes available, which further emphasizes the value of tournaments as a source 

of data from the rare old individuals in a population. This study was also able to contribute to the 

bass aging literature with data from a population that is relatively unique compared to other 

North American populations. 
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 I propose that competitive fishing tournaments are currently an underutilized tool for 

scientific sampling. In addition to the findings presented in this thesis, there is a great deal of 

additional information that could be obtained using this approach. Immediate future directions 

include: expanding on age and growth data in order to strengthen life history parameter 

estimates; using mark and recapture data to estimate population demographics; using population 

estimates in conjunction with growth data to estimate productivity of Lake Ontario bass 

populations; and to investigate direct impacts of the tournament fishery on bass populations via 

tournament mortality and fish displacement from their native ranges.    
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Appendix A1.- List of tournaments sampled between 2012-2014 

Tournament 

Location: 

Event Description: Tournament Date  

(dd/mm/yyyy): 

Belleville Big Fish Tournament 23/06/2012 

Kingston Kingston Canadian Open Fishing Tournament 19-21/07/2012 

Trenton Bass Mania 06/08/2012 

Belleville Bay of Quinte Fishing Series 12/08/2012 

Deseronto CBAF Qualifiers 01/09/2012 

Belleville CBAF Cup 29/09/2012 

Belleville Big Fish Tournament 15/06/2013 

Belleville Bay of Quinte Fishing Series 16/06/2013 

Belleville Bay of Quinte Fishing Series 06-07/07/2013 

Gananoque Avid Anglers Club Event 13/07/2013 

Kingston Kingston Canadian Open Fishing Tournament 25-27/07/2013 

Belleville Bay of Quinte Fishing Series 17-18/08/2013 

Belleville Bay of Quinte Fishing Series Classic 14-15/09/2013 

Belleville CBAF Cup 28-29/09/2013 

Belleville Big Fish Tournament 21/06/2014 

Belleville Bay of Quinte Fishing Series 22/06/2014 

Belleville Bay of Quinte Fishing Series 05-06/07/2014 

Kingston Kingston Canadian Open Fishing Tournament 24-26/07/2014 

Belleville Bay of Quinte Fishing Series 27/07/2014 

Morrisburg Renegade Bass Fishing Series 02-03/08/2014 

Belleville Bay of Quinte Fishing Series 23-24/08/2014 
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Belleville Bay of Quinte Fishing Series Classic 13-14/09/2014 

Belleville CBAF Cup 27-28/09/2014 
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Appendix A2.- Preliminary diet analysis data from Lake Ontario Smallmouth Bass (n = 130) 

sampled from tournaments in 2012 

Food Item: Number of Items  

Found in Stomachs: 

Proportion  

of All Items: 

All Items 173 100% 

Fish Items 166 96.0% 

Identifiable Fish 26 15.0% 

Round Goby 22 12.7% 

Crayfish 3 1.7% 
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Appendix A3.- Summary of confidence score criteria used in evaluating structure confidence 

Confidence Score: Description: 

9 No ambiguous markings that could be mistakenly interpreted as 

annuli. All annuli are clearly distinct and can be resolved around the 

entire structure. 

8-7 Most annuli are clearly distinct and can be resolved around the entire 

structure. Only, contains one or two ambiguous marks that could or 

could not be interpreted as annuli. 

6-5 Some annuli are clear but may not be resolved around the entire 

structure. Up to half of the markings are ambiguous and could or could 

not be interpreted as annuli. 

< 5 Contains no clear annuli, and more than half of the markings are 

ambiguous and could or could not be interpreted as annuli. 

 


