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Abstract
Recreational fisheries in North America are valued between $47.3 billion and $56.8 billion.
Fisheries managers must make strategic decisions based on sound science and knowledge of population
ecology, to effectively conserve populations. Competitive fishing, in the form of tournaments, has
become an important part of recreational fisheries, and is common on large waterbodies including the
Great Lakes. Black Bass, Micropterus spp., are top predators and among the most sought after species in
competitive catch-and-release tournaments. This study investigated catch-and-release tournaments as an
assessment tool through mark-recapture for Largemouth Bass (>305mm) populations in the Tri Lakes,
and Bay of Quinte, part of the eastern basin of Lake Ontario. The population in the Tri Lakes (1999-2002)
was estimated to be stable between 21,928-29,780, and the population in the Bay of Quinte (2012-2015)
was estimated to be between 31,825-54,029 fish. Survival in the Tri Lakes varied throughout the study
period, from 31%-54%; while survival in the Bay of Quinte remained stable at 63%. Differences in
survival may be due to differences in fishing pressure, as 34-46% of the Largemouth Bass population on
the Tri Lakes is harvested annually and only 19% of catch was attributed to tournament angling. Many
biological issues still surround catch-and-release tournaments, particularly concerning displacement from
initial capture sites. In the past, the majority of studies have focused on small inland lakes and coastal
areas, displacing bass relatively short distances. My study displaced Largemouth and Smallmouth Bass up
to 100km, and found very low rates of return; only 1 of 18 Largemouth Bass returned 15 km and 1 of 18
Smallmouth Bass returned 135 km. Both species remained near the release sites for an average of
approximately 2 weeks prior to dispersing. Tournament organizers should consider the use of satellite
release locations to facilitate dispersal and prevent stockpiling at the release site. Catch-and-release
tournaments proved to be a valuable tool in assessing population variables and the effects of long distance
displacement through the use of mark recapture and acoustic telemetry on large lake systems.
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Chapter 1: General Introduction

Although commercial fishing is typically thought of as the most important revenue
generator among the different types of fisheries, the economic value of recreational fishing in
North America has been recently found to be greater than commercial fishing and aquaculture
combined (Tufts et al. 2015). The total estimated expenditures of recreational fishing in North
America ranges between $47.3 billion to $56.8 billion. It is noteworthy that the economic impact
of recreational fishing even exceeds the combined annual profits from the most lucrative Major
League Sports (NFL, NBA, MLB, & NHL) in North America (Tufts et al. 2015). In 2010,
recreational angling expenditures were estimated to contribute 2.5 billion dollars (CDN) to the
Canadian economy (Fisheries and Oceans Canada 2010), and an additional $3 billion was spent
on major purchases (e.g. boats and motors) directly related to recreational fishing (Tufts et al.
2015).
Recreational fishing can be further broken down into competitive angling and traditional
(non-competitive) angling. Competitive fishing is defined as comprising any organized events in
which a group of anglers fish for incentives such as prizes or public recognition, in addition to
the catch of fish (Schramm et al. 1991a). Surveys conducted by the American Fisheries Society
in 1989, indicated there were an estimated 31 000 competitive events held annually in North
America (Schramm et al. 1991a). A more recent study by Kerr and Kamke (2003) determined
that there were 25 000 competitive events held in North America in the year 2000. Competitive
events, or tournaments, are held in all provinces and territories of Canada, with Ontario hosting
the largest number of events, over 1000 annually (Kerr 2012). Tournaments are concentrated in
southwestern Ontario and on the Great Lakes, with the number of events increasing on the Great
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Lakes annually (Kerr 2012). This shift in tournaments from inland lakes to the Great Lakes is
speculated to be due to social pressure on inland lakes as a result of crowding, access limitations
and conflicts among anglers (Kerr and Kamke 2003).
Schramm et al. (1991b) outlines a number of social and biological issues that arise from
tournament angling. Social issues involve conflicts between tournament and non-tournament
anglers (Schramm et al. 1991a), who use the same resources but may have different perspectives
(Bryan 1982; Wilde et al. 1998). Of non-tournament anglers surveyed in Texas, 51% believed
that tournaments negatively affected their fishing success, and 44% believed the fish did not
survive the tournament process (Wilde et al. 1998). Biological issues surrounding tournaments
include overharvest and physiological stress due to long-term containment, which can contribute
to mortality (Schramm et al. 1991b). In a shift towards sustainability, most tournaments in recent
years have transitioned to live release or catch-and-release practices, where individuals are
released following the weigh in process, thereby reducing the potential for overharvest. Several
studies have investigated the effects of the live release weigh in process on fish physiology and
post-release survival (Ferguson and Tufts 1992; Booth et al. 1995; Cooke et al. 2002; Suski et al.
2004). Results from these studies have generally led to more sustainable tournament practices
that reduce physiological disturbances and increase fish survival.
The increased amount of tournament activity on the Great Lakes in recent years has
brought several important biological issues to the forefront. In these events, for example, fish can
be transported extremely long distances (>100 km) between the point of capture and the weigh in
location. To date, however, this issue has only been studied on much smaller lakes and southern
impoundments (Forney 1961; Ridgway and Shuter 1996; Ridgway 2002, Hunter and Maceina
2008; Huchzermeyer et al. 2013). With increasing tournament pressure shifting towards the
2

Great Lakes (Kerr 2012), two important concerns arise: what proportion of the local fishery is
impacted by tournament angling, and what are the effects of long distance displacement.
Estimating population size for fish on large waterbodies can pose an interesting
challenge, as the financial cost and effort required to cover the necessary area and obtain
sufficient sample sizes increases with the size of the waterbody. Previously, mark-recapture
studies have been used to estimate different demographic variables of fish populations on inland
lakes and impoundments (Peterson and Cedarholm 1984; Beamesderfer and Rieman 1991;
Myers et al. 1997; Sammons 2015). Mark-recapture studies involve the capture, marking,
release, and subsequent recapture of individuals in a population. Typically, fish are obtained
through netting programs (Cole and Moring 1997; Baldwin et al. 2003; Ontario Ministry of
Natural Resources 2016) or through electrofishing (Carter et al. 2012; Cline et al. 2012; Hayden
et al. 2014). Each assessment method contains its own biases and may subsequently impact
estimates of population variables (Ridgway 2002; Granfors and Giusti 2011). As an alternative,
catch-and-release tournaments have been suggested as a means to gather valuable information
regarding fish populations, that are otherwise difficult to obtain (Schramm et al. 1991b, Wilde
1998).
Tournament anglers are specialized (Wilde et al. 1998), consistently catch high numbers
of the targeted species across the season, and have generally been found to have a higher catch
per unit effort than non-tournament anglers (Gablehouse and Willis 1986). Black Bass, including
Largemouth and Smallmouth Bass, are among the most sought after sportfish in North America
(Lasenby and Kerr 2000; Fisheries and Oceans Canada 2010), and by far the most targeted
species in tournaments in Ontario (Kerr 2012). Thus, tournaments annually catch thousands of
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adult, reproductively mature Black Bass within a waterbody or connected waterbodies, and bring
them to a central location for a weigh-in.
Tournaments catches have previously been used to provide large sample sizes to obtain
Black Bass life history information, and monitor population trends at both large and small scales
at low-cost to management agencies (Willis and Hartmann 1986). MacMillan et al. (2002) used
tournaments to describe life history characteristics of Smallmouth Bass, and suggested
tournaments meet the criteria for an effective monitoring program. Ebbers (1987) found that age
and growth information, as well as abundance and mortality estimates of Largemouth Bass
collected from tournaments were consistent with electrofishing data. Since then, tournament
sampling has often been conducted in conjunction with electrofishing (Pereira et al. 2002;
Driscoll et al. 2007; Granfors and Giusti 2011). To a limited degree, tournaments have also been
used to collect initial abundance estimates for mark recapture studies (Henry 2003; Granfors and
Giusti 2011). To date, Granfors and Giusti (2011) appear to be the only study to use tournaments
for the initial capture and recapture of tagged Largemouth Bass to estimate population variables.
Thus, catch-and-release tournaments have the potential to collect important biological
information about bass fisheries that is not easily obtained through normal fisheries assessment
approaches due to the high cost and effort required.
Although there has been increasing tournament pressure on Great Lakes bass fisheries in
recent years, there are many aspects of these populations that still remain unknown. In fact, most
of the biological information about Black Bass comes from small lakes and reservoirs. To
properly understand, manage, and conserve Great Lakes bass populations, it is important to
quantify population sizes, annual survival, and the scale of the tournament versus nontournament fishery. To date, however, this information is extremely limited.
4

Tournaments pose an additional challenge by displacing fish, often long distances, postrelease at a central location. This may be a significant challenge in large waterbodies such as
Lake Ontario, where bass may be displaced over 100 kilometres. Largemouth Bass and
Smallmouth Bass are often targeted by catch and release tournaments, and the only two species
of Black Bass present in Ontario. Black Bass typically exhibit restricted movements (Fraser
1955; Webster 1954), although seasonal migrations have been documented and can be
considerably large for Smallmouth Bass (Forney 1961; Langhurst and Schoenike 1990;
Kaemingk et al. 2011). Both Largemouth and Smallmouth Bass establish seasonal home ranges,
and follow a general pattern of spring migration to spawning sites, followed by a shift to summer
post-spawn home ranges and a fall migration to overwinter sites that is correlated with
temperature (Webster 1954; Mesing and Wicker 1986; Todd and Rabeni 1989; Ridgway and
Shuter 1996; Ridgway et al. 2002). It has been suggested that home range size may be correlated
with prey availability (Fish and Savitz 1983) or abiotic factors (Carter et al. 2012), rather than
waterbody size (Gerber and Haynes 1988; Kaemingk et al. 2011), but there is currently very little
information about home range sizes on extremely large waterbodies such as the Great Lakes.
Home ranges for Smallmouth Bass appear to be large, 200-400 hectares (Ridgway et al. 2002),
and characterized by gravel, cobble, and boulders (Todd and Rabeni 1989; Bozek et al. 2002).
Ridgway and Shuter (1996) found 73% overlap between annual home ranges in Smallmouth,
indicating strong site fidelity to previously held ranges. Largemouth Bass home ranges appear to
be smaller, usually less than 50 ha (Sammons and Maceina 2005), and characterized by water
less than 6m in depth, muddy substrate and moderate to high vegetation (Winter 1977; Lasenby
and Kerr 2000). Most studies documenting bass movements have been limited to small inland
lakes and rivers (Kaemingk et al. 2011). One study investigated movements of Black Bass in
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Lake Michigan (Carter et al. 2012), and although they found home ranges to be similar to smaller
lakes, more research is required in this area. Studies on other Great Lakes would allow us to
further examine ideas about home range size in bass, as these waterbodies are larger than many
other studies, research here may provide further insight.
Studies investigating the effects of displacement have been generally focused on short
distance displacement (<10 km), however Smallmouth Bass have been displaced up to 26 km
(Forney 1961), and Largemouth Bass up to 45 km (Brown et al. 2015). Dispersal from the
release site is usually limited, an average of 51% of Largemouth and 26% of Smallmouth Bass
remaining within 1.6 km of the release site (Wilde 2003). Stockpiling large fish around the
release site may lead to overuse of resources (Wilde 2003) and exceeding the carrying capacity
(Richardson-Heft et al. 2000). In the literature, Largemouth Bass took varying amounts of time
to leave capture sites. Ridgway (2002) reported that Largemouth took almost two weeks before
dispersing more than 400 metres from the release site, whereas Richardson-Heft et al. (2000) and
Brown et al. (2015) found that they dispersed in less than one week. Similarly, Ridgway and
Shuter (1996) reported Smallmouth Bass spending approximately one week at the release site
prior to departure; however, time spent at the release site was not observed by Kaintz and Bettoli
(2010) in Tennessee. Restricted movements and homing in Smallmouth Bass may be due to nest
site fidelity (Forney 1961; Langhurst and Schoenike 1990; Ridgway et al. 1991), to the site of
previous success or birth (Gross et al. 1994) or to foraging success in established home ranges
(Ridgway and Shuter 1996).
In a review of the literature, Wilde (2003) found that an average of only 14% of
Largemouth and 32% of Smallmouth returned to capture sites following displacement; however,
return rates and displacement distances were variable. Ridgway (2002) found that no
6

Largemouth displaced further than 8 km returned, Richardson-Heft et al. (2000) reported that
Largemouth returned from up to 21 km in Chesapeake Bay, and Brown et al. (2015) reported that
Largemouth in North Carolina returned from up to 35 km, but no further. At similar distances,
Smallmouth Bass appear to have higher rates of return than Largemouth Bass (Forney 1961;
Ridgway 2002), although displacement has been limited to less than 26 km. To my knowledge,
no studies have investigated the effects of long distance displacement (>100 km) on Black Bass
in the Great Lakes.
In summary, there has been an increase in competitive angling for bass on the Great
Lakes in recent years. To properly manage and conserve these important resources, there is an
urgent need for more biological information in this area. My study will first examine the use of
competitive catch-and-release tournaments as tools for mark-recapture to assess population
variables of Black Bass in the Bay of Quinte and the Tri Lakes. Second, I will describe the
natural movements of Smallmouth Bass at Main Duck Island in eastern Lake Ontario, and
explore the effects of long distance displacement (15-100 km), on Largemouth Bass and
Smallmouth Bass in the Bay of Quinte and Lake Ontario.
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Chapter 2
Tournaments as tools for mark-recapture of Largemouth Bass on large lake
systems

Introduction

Fisheries managers require accurate information on the size and survival of fish populations
in order to manage and conserve them effectively. If population levels are too low, managers can
reduce harvest limits to allow the population recover. Similarly, if population levels are too high,
they can increase harvest limits to bring the population back down to target levels. Various
sampling methods are used to assess freshwater fish populations in Ontario (Ontario Ministry of
Natural Resources 2016). The chosen approach is dependent on several factors including the
behaviour and ecology of the targeted species, the question being asked, the size of the water
body, and the effort required. Each method has advantages, disadvantages, and biases; therefore,
multiple methods are often employed together to provide a comprehensive representation of the
population or community.
Netting programs are commonly used to assess freshwater fish populations and
communities in Ontario (Ontario Ministry of Natural Resources and Forestry, 2016). Two
popular netting methods include: trap nets (Cole and Moring 1997) and gill nets (Baldwin et al.
2003). Electrofishing, the practice of sending electrical pulses into the water to stun fish, is
another popular sampling method and is highly prevalent in the scientific literature (Carter et al.
2012, Cline et al. 2012, Hayden et al. 2014). These methods are often used by management
organizations to obtain fish and determine relative abundance, length-weight ratios, and
community composition. The sampling methods are also implemented to obtain fish for
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scientific purposes, including mark-recapture studies, which directly assess population size and
survival of a targeted species.
Mark recapture studies involve the capture, marking, and subsequent recapture of
individuals in a population to quantify the size, survival rate, and movement patterns of the
targeted population. Previous studies have used mark recapture techniques on inland lakes and
impoundments to assess different components of fish populations (Peterson and Cedarholm
1984, Beamesderfer and Rieman 1991, Myers et al. 1997, Sammons 2015). Mark-recapture
studies require high sample sizes for initial marking that are representative of the targeted
population, and repeated sampling events for recapture. Large waterbodies present an additional
challenge to mark-recapture studies as the financial cost and difficulty of obtaining a
representative sample of the population increases as surface area increases. Currently,
electrofishing is the most common method in mark-recapture studies as it permits the capture of
large numbers of fish in healthy condition. However, electrofishing is only effective at depths
<3m, which may bias population estimates downward as fish found deeper in the water column
would not be sampled (Granfors and Giusti 2011). Fischer and Quist (2014) found a seasonal
size bias using several types of sampling nets and a boat electro-fisher, suggesting selectivity for
large individuals in the spring and summer across several species, including the Largemouth
Bass. Most Largemouth Bass sampled in the Near Shore Community Index Netting (NSCIN)
data from the Lake Ontario Management Unit (OMNRF) using trap nets are <310mm in length
(Hornsby 2013). This probably also indicates a size selection bias associated with the sampling
technique. In this case, there is likely a bias for small fish in netting programs.
Largemouth Bass (Micropterus salmoides) are a warm-water littoral species that prefer
habitat with muddy substrate and medium densities of vegetation (Lasenby and Kerr 2000). They
9

generally occur in shallow waters, less than 6m (Brown et al. 2009), and often exhibit diel
movements from deeper water near woody structures during the day to shorelines at dawn and
dusk (Sammons and Maceina 2005; Hanson et al. 2007). Previous studies providing population
estimates for Largemouth Bass have relied heavily on mark-recapture (Granfos and Giusti 2011,
Shaw and Allen 2016) and catch per unit effort studies (Miranda et al. 1996, Kershner and
Marschall 1997), primarily using electrofishing as the sampling (Gablehouse and Willis 1986).
The diel behaviour of Largemouth Bass suggests that this species may often be found outside the
effective range of this sampling technique.
Largemouth Bass are one of the most popular sportfish in North America (Lasenby and
Kerr 2000). In addition to being a common target species for casual anglers, Largemouth Bass
have also become a primary target of another sector of recreational fisheries, competitive fishing
events (tournaments). Catch-and-release fishing tournaments have become more common in the
past 10-15 years (Kerr 2012), and some evidence suggests that Ontario hosts the highest number
of annual events in North America (Kerr and Kamke 2003). Kerr (2012) found the majority of
tournaments in Ontario were held in Southern Ontario (49.3%) and the Great Lakes (30.4%),
with the rest divided between northeastern and northwestern Ontario (Kerr 2012). Evidence from
past surveys in Ontario indicates that there is an ongoing shift from tournaments on inland lakes
to the Great Lakes (Kerr 2012). Black Bass are the primary target species sought after in 32.1%
of Ontario tournaments, with tournaments seeking all species a distance second at 13.9% (Kerr
2012).
Tournament anglers consistently catch high numbers of the targeted species across the
season, and generally have a higher catch per unit effort (CUE) than recreational anglers
(Gablehouse and Willis 1986, Wilde et al. 1998), although Schramm et al. (1987) found no
10

difference in CUE between tournament and non-tournament anglers. Catch-and-release
tournaments have previously been used to collect biological data to monitor the status of
valuable fish species, including salmon (Bobrowicz 2011) and bass (Corbett 1999, Jackson
2009), through activities of the Ontario Ministry of Natural Resources and Forestry.
Tournaments have also been used to collect physical data from Black Bass to monitor
populations (Willis and Hartmann 1986). The selectivity and ability of tournament anglers to
consistently catch high sample sizes, in addition to the high number of tournaments that occur in
Ontario, suggest that catch-and-release tournaments may be a viable tool for mark recapture
studies focusing on Largemouth Bass population ecology. This is supported by previous studies
that indicate tournaments may be used effectively as a sampling method to estimate population
variables (Wilde et al. 1998, Schramm et al. 1991). To a limited degree, tournaments have
previously been used to collect abundance estimates for mark recapture studies including
Walleye (Baldwin et al. 2003), and bass (Henry 2003, Granfors and Giusti 2011). To date,
Granfors and Giusti (2011) appears to be the only study in the peer reviewed literature to use
tournament recaptures, in addition to electrofishing, to calculate population variables of
Largemouth Bass.
Competitive fishing has become a substantial component of many recreational fisheries
in North America, especially for bass. However, there is still much to be learned about the
relative use and impacts of these two different aspects of recreational fisheries. The recreational
fishery is often monitored through the use of creel surveys, based on angler interviews. In
Ontario, creel surveys are usually entirely focused on casual (non-tournament) recreational
anglers. Anglers are asked a variety of questions regarding targeted species, catch, harvest, and
effort (Ontario Ministry of Natural Resources, 2016). Creel surveys can either be roving, during
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which the interviewers move around a designated area, or point access, during which the
interviews remain at a fixed location such as a boat launch. Catch-and-release tournaments also
provide the opportunity to conduct point access creel surveys to quantify tournament angler
effort, and the relative impact of tournaments in the overall recreational fishery for Largemouth
Bass. Currently, this approach has only seen limited use in Ontario (Roberge 2004).
The purpose of this study is to demonstrate the use of catch-and-release tournaments as
tools for mark-recapture on large waterbodies, through the use of two Largemouth Bass Ontario
case studies: Tri Lakes (Roberge 2004) and the Bay of Quinte. I hypothesize that catch-andrelease tournaments can be used as assessment tools on large lake systems. If so, the data
obtained via tournament mark-recapture can be used to describe the Largemouth Bass
tournament fishery (>305mm total length) in the Tri Lakes and the Bay of Quinte, with respect to
population size, survival rate, and density (fish/hectare). Creel surveys conducted at tournaments
can assist in determining the proportion of competitive angling within the Tri Lakes and Bay of
Quinte recreational fisheries.
Methods
Study Site
Fish used for mark-recapture analysis were sampled from catch-and-release tournaments
over the summer and early fall (July-October) on two different lake systems. The primary study
site is the Bay of Quinte, part of the Lake Ontario system (2012-2015). The secondary case study
site is the Tri Lakes area, part of the Kawartha Lakes system (1999-2002, Roberge 2004). Both
systems are areas with heavy tournament fishing pressure.
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The Tri Lakes area (Figure 2.1) is composed of three lakes, Buckhorn (44˚27’, 78˚23’),
Pigeon (44˚27’, 78˚30’), and Chemong (44˚25’, 78˚22’), covering a total of 10 819.5 hectares.
These lakes are separated from the rest of the Trent Severn waterway by a series of locks.
Buckhorn Lake covers an area of 3191.2 ha, with an average depth of 2.1m and maximum depth
of 14.3m. Pigeon Lake covers 5348 ha, an average depth of 3.0m and maximum depth of 14.9m.
Chemong Lake covers 2279.7 ha, with an average depth of 2.4m and maximum depth of 6.7m.
The Bay of Quinte (44.15, -77.25) is a long, narrow, Z-shaped bay located on the north
shore of Lake Ontario (Figure 2.2). The Bay of Quinte in part of the Great Lakes system, the Bay
of Quinte is located west of the head of the Saint Lawrence River. It is 100 km long, extending
from Trenton to the Eastern tip of Amherst Island, approximately 2 km wide, and covers an area
of 25 000 ha. The average depth is 5 m, except in the Lower Bay, which meets with Lake
Ontario; here the average depth increases to 24.4m. It also contains abundant shore regions
where depths are less than 2m.
Both areas have diverse fish communities. The Tri Lakes are dominated by bass,
Walleye, Muskellunge, and panfish. Similarly, Walleye, Gizzard Shad, Bluegill, and Cisco
dominate the Bay of Quinte (Ontario Ministry of Natural Resources 2013). Largemouth Bass are
also common in shallow, weedy areas of the Bay of Quinte, while Smallmouth Bass are
generally found in the rocky shoals and outcrops of the Bay of Quinte.
Tournament Format
The Tri Lakes and the Bay of Quinte experience high recreational angling pressure,
particularly in the form of competitive catch-and-release tournaments (Kerr 2012). Over the
course of their respective sampling periods both the Tri Lakes and the Bay of Quinte hosted an
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average of 10 bass tournaments per year (Table 2.1). For this study, 33 tournament days were
sampled on the Tri Lakes and 40 tournaments days were sampled on the Bay of Quinte. All
tournaments sampled were live-release tournaments, hosted by organized groups that targeted
Largemouth Bass and/or Smallmouth Bass.
Each tournament followed a strict set of rules that were comparable among tournaments
and between study sites. Each tournament had scheduled start and weigh-in times. Anglers
commonly worked in teams of two and were required to abide by legal angling methods. All
tournaments had a five fish limit, meaning teams brought back their five heaviest fish of the day,
except the ‘Big Fish’ tournaments held near the beginning of the season, where anglers only
brought back their biggest fish. Minimum size regulations restricted the anglers to fish over 305
mm in total length. Teams were mandated to have a functioning live well in their boat to keep
fish alive and healthy. Fish were also officially inspected for signs of life, and there were weight
penalties for each dead fish.
Anglers were required to leave from a common location at the start of the tournament
day; however, they were generally permitted to access any connected waterbody, except in the
case of the Emerald Isle tournaments on the Tri Lakes, where anglers were only permitted to
access Buckhorn and Chemong Lakes. Travel to Lake Ontario was common for tournaments on
the Bay of Quinte that focused on both Largemouth and Smallmouth Bass, however due to
habitat selection of the target fish, Largemouth were largely caught in the Bay of Quinte.
At the assigned weigh-in time, teams emptied their fish into bags filled with water to
transport them to the weigh-in site on shore. Fish from each team were weighed together in
plastic buckets, with holes to allow water to drain. Tournaments used a water weigh-in system
where fish were weighed in water, but the scale was tared so only the weight of the fish was
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measured. In the case of ‘Big Fish’ tournaments, the biggest fish was then weighed individually.
After weighing, fish were placed in aerated tanks for sampling prior to release. Sampling on the
Tri Lakes was completed with the assistance of Kawartha Fisheries Association volunteers.
Sampling on the Bay of Quinte was completed by members of the Freshwater Fisheries
Conservation Lab at Queen’s University. Post-sampling, fish were released at a common location
offshore of the tournament site using a live release boat.
Fish Sampling, Tagging and Recaptures
Tournament sampling crews consisted of teams of three: one fish handler, one data
recorder, and one fish tagger. Sampling generally occurred at the weigh-in site behind the main
stage and proceeded as follows: Post tournament weigh in fish were placed in aerated tanks
where the fish handler could access them. Once retrieved, fish were placed on a measuring board
and two measurements were taken for each fish: total length (tip of the mouth to tip of the caudal
fin when closed), and fork length (tip of the mouth to fork in caudal fin when open). Two yellow
floy tags were inserted under the soft dorsal spines, one on each side, using tagging guns. Each
tag contained a unique ID number, phone number, and website address for reporting recaptures.
In 2001 and 2002 on the Tri Lakes, and 2012-2014 on the Bay of Quinte a subsample of fish had
aging structures taken as samples, including scales and the third dorsal spine. If a fish had been
previously tagged the tag number(s), general location of recapture, and number of tag(s)
remaining were recorded. All fish were then placed in a second aerated tank where they were
subsequently transferred to a live release boat and released at a common location just offshore of
the tournament site.
A total of 4426 Largemouth Bass and 610 Smallmouth Bass were tagged on the Tri
Lakes between 1999 and 2002, of which 149 Largemouth and 2 Smallmouth were recaptured
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and weighed in at tournaments. A total of 3291 Largemouth and 1122 Smallmouth were tagged
on the Bay of Quinte between 2012 and 2015, of which 172 Largemouth and 8 Smallmouth were
recaptured and weighed in at tournaments.
In addition to recaptures recorded at tournaments, anglers in the Bay of Quinte fishery
submitted recaptures that occurred during casual (non-tournament) angling via phone, website,
or Facebook. The tag(s) ID was recorded, location of recapture, and whether the fish was kept or
released. Recapture locations were given in 1 of 3 formats: GPS coordinates, descriptions (e.g.
Big Bay), or zones as illustrated on the website.
Statistical Analyses
There were not sufficient numbers of Smallmouth Bass recaptures in either the Tri Lakes
or Bay of Quinte fishery to perform the appropriate statistical tests. Therefore, all analyses were
completed only using the data for Largemouth Bass tagged in the Tri Lakes and Bay of Quinte.
A critical assumption of many studies using tag returns for population and survival
estimates is the retention of tags, and as such tag loss can be an important source of bias. The
rate of tag loss in a study is dependent on both species and tagging production level. In general,
there are two types of tag loss (Beverton and Holt 1957). Type 1 occurs within the season after
initial tagging and is attributed to the production level and skill of the tagger but does not affect
estimates of survival (Ricker 1975). Type 2 occurs in the years following tagging and is
attributed to the biology and ecology of the species, and does affect the estimates of survival
(Muoneke 1992). It is important to quantify the rate of tag loss in a study when estimating
population size, as fish that have lost both their tags would appear as unmarked, ‘new’, fish and
therefore bias the population estimate upwards or the rate of survival and recapture downwards.
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To assess tag loss in this study, all fish were double tagged prior to release and the
number of tags remaining on fish recaptured and weighed in at tournaments was recorded. The
following method of estimating tag loss assumes that tag loss is independent for each tag on the
fish. To estimate the percentage rate of single tag loss, the number of fish that were recaptured
with only one tag was divided by the total number of fish recaptured (1 tag recaptures + 2 tag
recaptures) and multiplied by 100. Next, the proportion of single tag loss was squared to estimate
the rate of double tag loss. Overall type 1 tag loss was calculated for each year in the Tri Lakes
and the Bay of Quinte, by bundling recaptures from tournaments within each season together.
The rate of type 1 tag loss each week following initial tagging was determined only for the Bay
of Quinte, by calculating the occurrence of single tag recaptures at each tournament in the
season. Type 2 tag loss was calculated for the Tri Lakes and the Bay of Quinte each year
following initial tagging by bundling tournament recaptures together within a season.
The Seber method of estimating tag loss was used to increase the number of recaptures
when correcting for double tag loss (Seber 1973):

(𝑚𝑐 + 2𝑚𝐴𝐵 )2
𝑅=
4𝑚𝐴𝐵
where R is the corrected number of recaptures, mc is the number of recaptures with both tags
intact, and mAB is the number of recaptures with only a single tag. The corrected number of
recaptures is then used for any further methods of using tag returns to estimate variables.
Population Estimate
The Largemouth Bass population estimates for the Tri Lakes area, 1999-2002, were
previously calculated by Michelle Roberge (Roberge, 2004). The population estimates for the
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Bay of Quinte, 2012-2015, were calculated using the same techniques, as explained below. To
estimate the population size of Largemouth Bass recruited to the tournament fishery (>305mm)
in the Bay of Quinte the traditional adjusted Peterson model was used (Ricker 1975). Other
‘Schnabel’ type estimators that assume equal catchability have been shown to be biased (Chao
1987). The adjusted Peterson model is:

𝑁=

(𝑀 + 1)(𝐶 + 1)
𝑅+1

𝑁 2 (𝐶 − 𝑅)
𝑉𝑎𝑟(𝑁) =
(𝐶 + 1)(𝑅 + 2)
where M is the number of fish that were marked the previous year (year t-1), C is the number of
fish that were caught the current year (year t), and R is the number of recaptured individuals
(year t) from the previous year’s tagging events (year t-1) corrected for tag loss using the Seber
method (Seber 1973). The population estimate is a rolling estimate based on the number of
recaptures from the previous year’s tagging events. A ratio approach was used to obtain the
adjusted Peterson population estimate for 2002 and 2015, as recaptures were only sampled
during one month in the year following each study period (September 2003 and July 2016). For
this approach, the adjusted Peterson population estimate was calculated using only the recaptures
from the one-month sampled in the year following the study period. The mean ratio of this
estimate to the population estimates of the first three years of study was then used to adjust the
recaptures for 2003 and 2016 so they could be used to estimate the population of Largemouth
Bass in 2002 and 2015, respectively.
To validate the critical assumption of tag mixing amongst the target population, recapture
locations of tagged Largemouth Bass from both tournaments and anglers were assessed. The
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majority of recapture locations for fish tagged in the Tri Lakes area appear to come from
Buckhorn and Chemong Lakes, which only occupy 50% of the Tri Lakes surface area. If tags
were mixing evenly, it would be expected that a higher proportion of tag returns would come
from Pigeon Lake, which occupies the other 50% of the Tri Lakes surface area. Therefore, the
population estimate for the Tri Lakes area is expected to represent only Buckhorn and Chemong
Lakes (Roberge 2004). Recapture locations for tagged Largemouth Bass were mapped on the
Bay of Quinte and are heavily concentrated between Trenton and Deseronto, with less than 5%
of recaptures being reported past Glenora (Figure AI.1). The population estimate for Largemouth
Bass is expected to represent the Bay of Quinte between Trenton and Glenora. Distances of
recaptures from Belleville release site were measured using Google Earth ©. In addition, on July
24th 2016, tournament anglers were asked what distance they travelled from Belleville, to
illustrate angler dispersal from the tournament weigh in-site. Angler dispersal was used to
validate the geographic boundary and was compared to Largemouth Bass recapture distances
from Belleville.
Density
To calculate the density of Largemouth Bass in the Tri Lakes and Bay of Quinte the
estimated population size was divided by the surface area of each system. Surface area estimates
for the Tri Lakes were obtained from Roberge (2004) and density is expected to represent the Tri
Lakes as a whole (Buckhorn, Chemong and Pigeon Lakes) as tournament anglers accessed all 3
lakes to capture Largemouth Bass. Surface area estimates for the Bay of Quinte were obtained
using ArcMap (10.3). The surface area was further reduced by eliminating areas that were over
6m (20ft) deep, as Largemouth Bass are generally restricted to shallow depths (Brown et al.
2009). The Bay of Quinte is an open system; therefore, a geographic boundary was assigned
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using information from angler creel surveys and recapture locations as described for the
Population estimate.
Survival
Annual survival of Largemouth Bass in the Tri Lakes and the Bay of Quinte was
calculated using the Cormack-Jolly Seber model in program MARK (v.8):
ϕ1

ϕ2

1 → 2 → 3 …
p1

p2

where Φ is the survival parameter and p is the recapture parameter. The model uses the
individual capture histories to calculate the probability of surviving between sampling events and
the probability of being recaptured at each sampling event.
Sampling events within each year were consolidated into one event, and each individual
was assigned a capture history based on whether it was present or not in each year. If an
individual was present it was assigned a value of 1, if it was not present it was assigned a 0.
Individuals with the same capture history were consolidated into one line, with the sum of
individuals indicated. For example, a capture history of 0101 50 in the Bay of Quinte indicates
that 50 individuals were not present in 2012, tagged in 2013, not seen in 2014, and recaptured in
2015. Losses on capture as reported by anglers that removed tagged fish from the population
were also included in the Bay of Quinte capture histories to more accurately estimate the
population size. There were no losses on capture of tagged fish at tournaments. Capture histories
were uploaded to program MARK as INP files. Four models were run for both the Tri Lakes and
Bay of Quinte capture histories. Models included constant (.) and time varying (t) survival (Φ),
and constant (.) and time varying (t) recapture (p).
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Tournaments in the Overall Fishery
The Bay of Quinte Open Water Recreational Fishery was monitored from May 2nd
through December 20th, 2015 by the Lake Ontario Management Unit (OMNRF) through a roving
creel survey employed between Trenton and Lake Ontario. Effort was estimated using on water
fishing boat activity, and angler interviews (n=3857) were used to determine catch/harvest rates
and obtain biological information about the harvest (Ontario Ministry of Natural Resources,
2016). During the survey both tournament and non-tournament anglers were interviewed when
encountered.
Access point creel surveys were conducted on 5 ‘Largemouth Only’ tournament days
(June-September) in 2015 at the weigh-in site in Belleville on the Bay of Quinte. Each team was
interviewed at weigh-in and asked how many Largemouth Bass they caught throughout the day
(catch), and how many they weighed in (transported). Effort was determined using official
tournament start and end times, and two anglers per team. Catch, harvest/transport and effort
information were used in conjunction with the Bay of Quinte Open Water Angler Survey to
determine the proportion of tournament fishing in the recreational fishery in the Bay of Quinte.
Due to the unknown proportion of tournament anglers interviewed in the Open Water Angler
Survey, two iterations of the Bay of Quinte calculations were conducted. The first assumed all
tournament anglers were interviewed, and the second assumed that no tournament anglers were
interviewed. Results from the Tri Lakes creel surveys (Roberge 2004) were also used for
comparison.
The weights of each teams’ catch were obtained from the official tournament results for
the days sampled. Shapiro-Wilk tests indicated that the daily catch and harvest/transport weights
for teams were not normally distributed. Therefore, Kruskal-Wallis tests were used to determine
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whether daily catch and harvest/transport weights were significantly different between
tournament days sampled throughout the 2015 season. Where significant differences were found
(p <0.05) post hoc tests were conducted.
Results
Tag Loss
Tag loss was estimated by recording the number of tags on each recapture weighed in at
tournaments on the Tri Lakes and the Bay of Quinte. Type 1, within season, tag loss was low but
variable between years. Type 1 tag loss in the Tri Lakes was 0-20% for one tag loss and 0-4% for
two tag loss (Table AI.1). Type 1 tag loss in the Bay of Quinte was slightly higher, 0-45% for
one tag loss and 0-20% for two tag loss, peaking in 2014 (Table AI.2). Weekly tag loss was
available only for the Bay of Quinte recaptures and was highly variable with no consistent trend
observed between years (Figure 2.3). The years 2012 and 2015 saw no tag loss in the weeks
following tagging. One tag recaptures began to appear in week 8 of 2013, and in 2014 one tag
recaptures were observed at tournaments less than one week following initial tagging.
A positive trend of type 2, between season, tag loss was observed for both the Tri Lakes
and the Bay of Quinte in the years post tagging (Figure 2.4). As the years following initial
tagging increased, the percent of recaptures with only one tag increased. The 1999 tagged cohort,
in the Tri Lakes, were the only recaptures to show decreased tag loss in the second year
following initial tagging. The Bay of Quinte generally had higher tag loss than the Tri Lakes,
with the exception of the 2012 cohort in the first year following tagging.
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Population Estimate and Density
Adjusted Peterson population estimates of tournament size (>305 mm) Largemouth Bass
were calculated for each year of tagging in the Tri Lakes (1999-2002) and the Bay of Quinte
(2012-2015). Estimates for the Tri Lakes were stable, between 21928-29780 fish, and confidence
limits overlapped between each sampling year (Figure 2.5A). Due to incomplete tag mixing
within the Tri Lakes area, the estimates are expected to represent only Buckhorn and Chemong
Lakes (Roberge 2004). Point estimates of population size for the Bay of Quinte varied over time,
between 31826-54029 fish; however, confidence intervals overlapped between each sampling
year (Figure 2.5B). Based on locations of reported angler recaptures the population estimate for
the Bay of Quinte is expected to represent the Upper and Middle Bays between Trenton and
Glenora (Figure AI.1). Angler reports of distance travelled from the Belleville weigh-in site
further indicate incomplete tag mixing. Anglers travelled between 0 and 45 km from Belleville,
and were heavily concentrated between 15-19 km and 40-45 km (Figure 2.6A). Distance of
recaptures from Belleville as reported from tournaments and individual angler reports, indicated
recaptures were caught between 0 and 55+ km from Belleville. The majority of recaptures were
caught under 5 km from the Belleville weigh in site, generally decreasing in numbers as
distances from Belleville increases, with a small recurrence in recapture 55+ km from the weigh
in site (Figure 2.6B).
The density (fish/hectare) of tournament size Largemouth Bass was calculated for the Tri
Lakes and the Bay of Quinte using population size and surface area estimates. The combined
surface area of Buckhorn, Chemong and Pigeon Lakes is 10,819.6 hectares and the density
estimate is expected to be representative of the Tri Lakes as a whole (Roberge 2004). The
density of Largemouth Bass in the Tri Lakes was stable, between 2.02 and 2.75 fish per hectare,
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and confidence intervals overlapped between years (Figure 2.7A). Two density estimates were
calculated for Largemouth Bass in the Bay of Quinte during each year of study. Density was
calculated for the entire surface area of between Trenton and Glenora, and for the reduced
surface area of water under 6 meters (Figure AI.2). The total surface area covers 18,920.06
hectares and the reduced surface area covers 16,180.60 hectares. Density decreased slightly over
time, although confidence limits overlapped between each year (Figure 2.8B). For the total
surface area density ranged between 1.68 and 2.85, and for the reduced surface area density
slightly increased, falling between 1.97 and 3.34 fish per hectare.
Survival and Recapture Rates
Rates of survival and recapture for tournament size Largemouth Bass in the Tri Lakes
and the Bay of Quinte were determined using Cormack-Jolly Seber models in program MARK.
Constant survival with time varying recapture (Φ.pt) was the best performing model based on
AICc values in the Tri Lakes (Appendix). However, the model that best represents the
Largemouth Bass population ecology was the second best performing model, time varying
survival with constant recapture rates (Φtp.). Using this model, survival rate varied by year
between 31.0% and 53.7%, and the recapture rate held constant at 5.4% in the Tri Lakes (Table
2.2A). Constant survival with time varying recapture (Φ.pt) was also the best performing model
based on AICc values for the Bay of Quinte (Appendix I). However, the model that best
represents the Largemouth Bass population was the second best performing model, constant
survival with constant recapture (Φ.p.). Using this model, the survival rate was constant at 63.3%
and rate of recapture was 3.6% (Table 2.2B).
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Tournament Angling in the Overall Fishery
An open water creel survey was conducted by the Lake Ontario Management Unit
(OMNRF) to assess the recreational fishery in the Bay of Quinte between May and December of
2015 (Ontario Ministry of Natural Resources, 2016). Largemouth Bass were targeted second
behind Walleye, with 16% of anglers interviewed indicating they were targeting Largemouth
Bass specifically. Overall anglers spent 204,632 hours fishing and caught 17,499 Largemouth
Bass, 4255 (24%) of which were harvested. Anglers targeting Largemouth Bass spent 32,696
hours fishing and caught 16,373 Largemouth Bass, 4106 (25%) of which were harvested (Table
AI.3). Overall catch per unit effort (CUE) was 0.09 fish/hour and overall harvest per unit effort
(HUE) was 0.02 fish/hour. Target angler CUE was 0.50 fish/hour and targeted angler HUE was
0.13 fish/hour (Table AI.5). Largemouth Bass were caught in the Bay of Quinte between Trenton
and Glenora (Ontario Ministry of Natural Resources, 2016).
A point creel survey was conducted over five tournament days in Belleville in 2015.
Tournaments focused only on Largemouth Bass and anglers were asked how many Largemouth
they caught over the course of the tournament day. The average number of teams participating in
each tournament was 42.2. For the five tournament days sampled, teams spent 3984 hours
fishing and caught 799 Largemouth per tournament day, 1040 of which were weighed in.
Extrapolated to the 11 tournament days held on the Bay of Quinte in 2015, tournament anglers
spent 7124 hours fishing and caught 8792 Largemouth Bass, 2321 (26%) of which were weighed
in. The CUE was 1.00 and the HUE (number of fish transported for weigh in/unit effort) was
0.26 (F). Tournament fishing accounted for 19% (Tri Lakes, 1999-2002) and 33-50% (Bay of
Quinte, 2012-2015) of Largemouth Bass catch in the overall Largemouth Bass recreational
fishery (Table 2.3). The Tri Lakes population experienced higher catch and harvest (or transport)
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by tournament and non-tournament anglers than the Bay of Quinte. Anglers (both tournament
and non-tournament) caught 161-218% of the Largemouth Bass population annually in the Tri
Lakes and only 49-83% of the Largemouth Bass in the Bay of Quinte. Of Largemouth Bass
caught, 44-59% were harvested or transported to a weigh-in site in the Tri Lakes, and 12-20%
were harvested or transported to a weigh-in site in the Bay of Quinte (Table 2.3).
Catch per day significantly decreased throughout the season (Kruskal-Wallis, df=4,
p<0.05; Figure 2.8), and separated into two significantly different groups June-July and
September (Dunn-test, p<0.04; Figure 2.8). Weights of Largemouth Bass weighed in over the
same time period remained stable and were not significantly different ((Kruskal-Wallis, df=4,
p>0.05; Figure 2.9).
Discussion
North America hosts over 25 000 catch-and-release tournaments annually (Schramm et
al. 1991; Kerr and Kamke 2003). Over 1000 of these tournaments are hosted in Ontario,
primarily in Southwestern Ontario and the Great Lakes (Kerr 2012). The most sought after
species are Black Bass, targeted in over 30% of tournaments (Kerr 2012). Through the course of
this study the Tri Lakes and the Bay of Quinte, each region hosted an average of 10 tournaments
annually.
Anglers in the Bay of Quinte Open Water Angling Survey spent 32 696 hours targeting
Largemouth Bass, which is 2x more hours than tournament anglers. Tournament anglers have a
higher catch per unit effort (CUE) than overall recreational anglers, and are 2x more likely to
catch Largemouth Bass in the Bay of Quinte. This inequality in catch rates has been previously
documented by Gablehouse and Willis (1986) who found that tournament anglers had a higher
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CUE than non-tournament anglers. Tournament anglers also are more specialized than nontournament anglers (Wilde 1998). This is in contrast to results reported by Schramm et al. (1987)
who found no difference between in CUE between tournament and non-tournament anglers.
As the number of tournaments continue to shift from inland lakes to the Great Lakes
(Kerr 2012), it is important to determine the magnitude of catch-and-release tournaments in the
Bay of Quinte Largemouth Bass recreational fishery. Tournament fishing accounted for 33-50%
of Largemouth Bass caught in the Bay of Quinte; and tournament anglers caught 16-28 % and
transported 4-7% of the population annually throughout the study period (Table 2.3).
Tournament and non-tournament angling combined caught 49-83% and either harvested or
transported 12-20% of the population annually in the Bay of Quinte. In contrast, the Tri Lakes
population experiences more fishing pressure than the Bay of Quinte. 161-218% of the
Largemouth Bass population is caught annually and 44-59% of the population is either harvested
or transported by all anglers in the Tri Lakes (Roberge 2004). Tournament angling accounts for
only 19% of angling in the Tri Lakes (Roberge 2004). Similarly, Holbrook (1975) and Schramm
et al. (1987) found that catch-and-release tournaments make up a small percentage of the overall
recreational fishery for bass on a lake. The present study is being compared to older studies in
the literature, so the proportion of tournament fishing may be increasing over time. It appears
through the results of our study that tournaments targeting Largemouth Bass make up
approximately half of the Largemouth Bass recreational fishery on the Bay of Quinte.
The survival rate calculated for Largemouth Bass in the Bay of Quinte was constant over
the study period and higher than the time dependent survival of Largemouth Bass in the Tri
Lakes. Estimates of survival in the Bay of Quinte may be biased slightly downwards, due to
failure to account for tag loss with the Cormack-Jolly Seber method. Survival of radio tagged
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Largemouth Bass in Rideau Lake was 58% (Ridgway 2002), similar to the Bay of Quinte (63%),
and higher than the variable survival of Largemouth Bass in the Tri Lakes (31-54%). The
difference in survival is likely attributed to the differences in recreational fishing pressure or
timing of studies between the Bay of Quinte and the Tri Lakes. Combined tournament and nontournament angling pressure on the Tri Lakes was much higher than on the Bay of Quinte (Table
2.3). Although not discernable, variation in the survival rate of the Tri Lakes over time may be
due to variation in the harvesting rate of the large recreational fishery. In contrast, 50% of the
Bay of Quinte fishery appears to be comprised of catch-and-release tournament angling, which
should have little to no effect on the survival rate of Largemouth Bass.
According to our study, the estimated Largemouth Bass population (<305mm) in the Bay
of Quinte varied between 31,826-54,029 fish over 2012-2015. Our results show that between
16.3% and 27.6% of the population greater than 305 mm is caught each season by tournament
anglers, and 4.3%-7.3% are transported for weigh-in each season. These estimates do not
account for pre-fishing by tournament anglers, which occurs during the 3-4 days prior to a
tournament. Pre-fishing is common practice among tournament anglers. During this time,
tournament anglers explore and fish tournament waters in search of the sites where large
individuals can be caught. At this point, the effect of pre-fishing on Largemouth Bass
populations, survival and behaviour has not been investigated. Angler effort and the number of
fish caught and released may be higher than presented in the study, as it does not include fish
caught and released during the pre-fishing period. Thus, the results of this study indicate that
catch-and-release tournaments that target Largemouth Bass on the Bay of Quinte have become a
large component of the recreational fishery.
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The adjusted Peterson population estimates for Largemouth Bass (>305 mm) are based
on recaptures of the previous year’s tagged fish. The annual number of recaptures for the Tri
Lakes was consistent and population estimates were stable, with overlapping confidence limits
between years. Annual recaptures were low for the Bay of Quinte in 2012 and 2015, which
resulted in wide confidence intervals. Low recaptures for the 2012 cohort were likely due to the
smaller size of the initial tagging cohort, which resulted in a higher population estimate when
compared to the following three years. Low recaptures for the 2015 cohort may also be due to
the low size of the tagging cohort, but are more likely to be due to the availability of only one
month of recaptures in July 2016. Population estimates for 2013-2015 were stable between
31,826 and 39,705 fish. Consistency in the number of new fish tagged each year is favourable
but is not critical for calculating annual population estimates (Roberge 2004).
Locations of recaptures in both study systems indicate that tagged fish were not
dispersing evenly from the release site, or in a pattern relative to tournament angler dispersal.
Lack of dispersal from the release site is common in displaced Largemouth Bass (Ridgway
2002). Due to lack of tag mixing, population estimates reflect Buckhorn and Chemong Lakes of
the Tri Lakes, and the Bay of Quinte between Trenton and Glenora. Peterson population
estimates were used to account for the uneven tag mixing within the Tri Lakes and Bay of Quinte
system; however, they rely on equal capture probability which is often violated in fisheries and
can therefore underestimate population size (Pine et al. 2003).
Density estimates (fish/hectare) were calculated from the population estimates and are
expected to represent the Tri Lakes as a whole, and the Bay of Quinte from Trenton to Glenora.
Densities were comparable between the two study sites, ranging between 2.02 and 2.75 fish per
hectare in the Tri Lakes, and 1.68 and 2.85 in the Bay of Quinte. The majority of literature
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describing Largemouth Bass density focuses on young of year or is based on studies from
impoundments in the southern United States. Maceina (1996) found that Florida lakes >116 ha
had densities between 6-50 Largemouth Bass/ha (>150mm). An unexploited reservoir in
southern New England maintained densities of 14-16 Largemouth Bass (>380 mm) per hectare
(Hessanaeuer et al. 2014). Schoenebeck et al. (2015) estimated densities of Largemouth Bass
>150mm to be between 77-235 bass/ha in lakes across Nebraska using a boat electro-fisher.
Although not directly comparable, density estimates for the Tri Lakes and the Bay of Quinte
appear to be lower than found in other studies; however, some of this difference may be
attributed these lakes being located near the species northern range edge. To my knowledge,
these density estimates are the first for Largemouth Bass (>305 mm) in Ontario.
Tag retention is a critical assumption of mark-recapture studies (Ricker 1975), and
estimation of population variables must account for tag loss. Tag loss rates can vary among
species and over time. Beverton and Holt (1957) recognized two types of tag loss: Type 1, which
occurs over a short period of time following initial tagging, and Type 2, the occurs continuously
over an extended period of time. Rates of external floy tag loss have been documented in several
fish species, and are highly variable (Myers and Schill 2014). Tag loss estimates have been
documented in Yellow Perch (Livings et al. 1996, Myers and Schill 2014), Northern Pike (Pierce
and Tomcko 1993, Gurtin et al. 1999), White Bass (Muoneke 1992), and Striped Bass (Waldman
et al. 1990, Dunning et al. 1997).
To estimate tag loss through the course of this study, all Largemouth Bass were double
tagged with external floy tags. The number of tags remaining on recaptures was recorded at each
tournament. The average range of Type 1 tag loss (<6 months) as reported by Gurtin et al. (1999)
is between 12 and 18% for a single floy tag. Only two years over the course of this study
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exceeded that range: 20% in 2000 for the Tri Lakes and 45.16% in 2014 in the Bay of Quinte.
Three years had lower Type 1 tag loss than the average: 0% in each of 1999 (Tri Lakes; Table
AI.1), 2012 and 2015 (Bay of Quinte; Table AI.2). Weekly Type 1 tag loss was highly variable
for the 2012-2015 in the Bay of Quinte, with single tag recaptures appearing as early as week 1
in 2014 and week 8 in 2013. Single tag recaptures in 2013 and 2014 were never caught prior
with two tags remaining; therefore, the timing of reported tag loss is more likely to reflect the
time of recapture rather than the precise time of tag shedding. Renfro et al. (1995) found no
significant differences in Type 1 tag loss over time, suggesting that tag loss occurs soon after
initial tagging.
Type 1 tag loss is thought to be largely a result of improper placement of the tag between
the dorsal spines (Muoneke 1992). For example, up to 88% of tag loss in small Brook Trout was
attributed to improper placement of floy tags (Keller 1971). High-level production tagging as
conducted in this study, and variation among taggers can lead to improper placement of the floy
tags due to differences in the speed and skill with which the tag is inserted. High Type 1 tag loss
in 2014 may be attributed to both the increased number of fish initially tagged within the season
and the high number of different taggers compared to other seasons throughout the study.
Correspondingly, in 2012 and 2015 approximately 50% less fish were tagged by a reduced
number of taggers, and no Type 1 tag loss was observed. We have no explanation for no Type 1
tag loss in 1999 in the Tri Lakes, as there was approximately the same number of fish initially
tagged as other years. The number of taggers is also unknown for the Tri Lakes study in 1999.
Waldman (1990) described size dependent tag loss in Striped Bass >572mm in length, as the
dorsal spines were spaced too far apart to effectively anchor the tag. This is unlikely to have
occurred in this study as all fish were <570 mm in length.
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Largemouth Bass commonly occur in areas of medium to high vegetation and
filamentous algae were commonly observed covering the tags on fish at tournaments in the Bay
of Quinte. Filamentous algae have been reported to adhere to floy tags in as little as 30 days and
could cause the tag to catch on vegetation (Muoneke 1992), promoting increased tag loss over
time. Sores and irritation were also commonly observed following initial tagging in the Bay of
Quinte. This has been observed for Largemouth Bass (Renfro et al. 1995, Gurtin et al. 1999) and
White Bass (Muoneke 1992) and is generally attributed to constant tag movement. Sores may
promote tag loss and/or mortality (Muoneke 1992), although both Renfro et al. (1995) and Gurtin
et al. (1999) found no significant differences in growth or mortality in tagged versus control
Largemouth Bass groups over a 1 to 2-year period. Therefore, sores visible on Largemouth Bass
in this study are unlikely to have increased mortality within the population; however, they may
have contributed to increased tag loss. Myers and Schill (2014) described the possibility that
catch-and-release anglers may remove the floy tag prior to releasing the individual, falsely
inflating tag loss rates. Possible reasons for removing a floy tag may include angler discontent
with the marking of fish in a popular sport fishery (Myers and Schill 2014) or removal for
reporting the capture at a later time. The prevalence of this behaviour is unknown, although it is
not expected to occur frequently and was only observed on one occasion throughout our study.
Type 2 tag loss rates one year following initial tagging were variable, 34.62-50.00% for
the Tri Lakes and 44.44-66.67% for the Bay of Quinte. Previous studies have reported similar
variability in tag loss rates, ranging between 12 (Gurtin et al. 1999) and 57.1% (Hartmann and
Janney 2006). In both the Tri Lakes and the Bay of Quinte, there was an observable trend of
increasing tag loss as the years post tagging increased, which is consistent across species in the
literature (Myers and Schill 2014). The rate of single tag loss was highest two years post tagging
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for the 2013 tagged cohort (92.31%) in the Bay of Quinte. The 1999 and 2012 cohorts exhibited
71.43% and 83.33% single tag loss respectively, three years post tagging. These numbers suggest
that as early as 2 years post initial tagging up to 50% of the tagged fish may have lost both floy
tags, and would appear as unmarked individuals. This is an important consideration when
determining study design and duration, and tag loss rates for individual species should be
investigated prior to commencing. However, when the rate of tag loss is known (as is the case in
our study), it is possible to confidently assess population size, survival and recapture rates by
incorporating tag loss rates into calculations.
Conclusions
Multiple factors are to be considered when using tournaments for mark recapture studies
on a large waterbody. Due to low rates of annual recapture, the number of fish marked should be
high relative to the estimated population size, and the study duration should occur over several
years to achieve sufficient recaptures for population and survival estimates. Tag loss rates of
individual species should be considered and calculated for the duration of the study using a
double tag approach. New fish should be marked annually to account for Type 2 tag loss over
time, and to mark individuals that grow into the tournament size class. The tournament approach
allows managers to continuously monitor changes in sport fish populations, through the natural
activities of tournament anglers and is not limited to the tournament size population. For
example, back calculations could also be completed to assess the population variables of age
classes not fully recruited to the tournament fishery. Tournaments can also be used in
conjunction with other sampling methods including netting programs and electrofishing
(Granfors and Giusti 2011).
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Tournaments permit the assessment of sport fish populations on large waterbodies where
the time and financial cost of obtaining a large, representative sample size can be difficult. Using
tournaments as assessment tools for mark-recaptures comes at low cost to management efforts,
as large numbers of fish can be sampled over the short duration of a tournament weigh in. The
practice also permits the public to be actively involved in the management of species of interest,
and in my experience through this study, tournament organizers are actively seeking ways to
help make the fishery more sustainable. There is a general public perception that tournaments are
detrimental to local fisheries (Schramm et al. 1991b), and the cooperation of tournament
organizers with management efforts may help rectify this negative towards perception. The
results of this study indicate that catch-and-release tournaments are an important part of the Bay
of Quinte recreational fishery, and that tournaments can be used as tools for mark-recapture of
Largemouth Bass to assess population size, survival and density.
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Table 2.1 Summary of the number of bass events and tournament days held on the Tri Lakes of
the Kawartha Lakes system from 1999-2002 (Roberge 2004), and the Bay of Quinte (20122015), including the number of tournament days sampled.

Year

Number of Events

Tournament Days

Days Sampled

1999

12

17

10

2000

9

11

9

2001

9

12

8

2002

9

12

6

2012

10

10

5

2013

14

22

14

2014

8

13

13

2015

7

11

8
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Table 2.2 A) Real function parameter estimates for model Φtp. rates of survival and recapture of Largemouth Bass in the Tri Lakes
(1999-2002). Where Φ1: 1999-2000 survival, Φ2: 2000-2001 survival, Φ3: 2001-2002 survival, and p: constant recapture rate. B) Real
function parameter estimates for model Φ.p. rates of survival and recapture for Largemouth Bass in the Bay of Quinte (2012-2015).
Where Φ: constant survival rate and p: constant recapture rate.

95% confidence interval

Study Site

Parameter

Estimate

Standard Error

Lower

Upper

Φ1

0.311

0.072

0.189

0.466

Φ2

0.538

0.115

0.319

0.743

Φ3

0.359

0.086

0.212

0.538

p

0.054

0.134

0.033

0.088

Φ

0.633

0.107

0.411

0.810

p

0.036

0.009

0.022

0.059

Tri Lakes

Bay of Quinte
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Table 2.3 Summary of creel information from tournament and non-tournament recreational
anglers on the Tri Lakes and Bay of Quinte.

Study Site
Parameter*

Population Estimate

Tri Lakes
(1999-2002)

Bay of Quinte
(2012-2015)**

Bay of Quinte
(2012-2015) ***

21,928-29,780

31,825-54,029

31,825-54,029

Tournament Catch in
Overall Bass
19
50
Recreational Fishery
(%)
% of Population
Caught Annually by
30-41
16-28
Tournament Anglers
% of Population
Caught Annually by
130-176
16-27
non-tournament
Anglers
% of Population
Transported by
10-14
4-7
Tournament Anglers
% of Population
Harvested by non34-46
4-6
tournament anglers
% of Population
161-218
32-55
Caught in Total
% of Population
Transported/Harvested
44-59
8-13
in Total
*See Appendix III for descriptions of parameter calculations
**Calculated assuming all tournament anglers were interviewed
***Calculated assuming no tournament anglers were interviewed
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33

16-28

32-55

4-7

8-13
49-83

12-20

Buckhorn Lake

Chemong Lake

5 km
Figure 2.1 Study site: The Tri Lakes area is made up of Chemong, Buckhorn, and Pigeon Lakes.
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Figure 2.2. Study site: The Bay of Quinte and eastern basin of Lake Ontario. The Bay of Quinte runs from Murray Canal to the West,
south east to the western tip of Amherst Island.
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Figure 2.3 Type 1 tag loss from Largemouth Bass recaptured and weighed in at tournaments on the Bay of Quinte (2012-2015) each
week post tagging.
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Figure 2.4 Type 2 tag loss from Largemouth Bass recaptured and weighed in at tournaments on the Tri Lakes (1999-2002) and the
Bay of Quinte (2012-2015) for each year post tagging.
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Figure 2.5 Adjusted Peterson population estimates with upper and lower 95% confidence intervals for tournament size (>305mm)
Largemouth Bass in (A) the Tri Lakes (1999-2002) (B) the Bay of Quinte (2012-2015).
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Figure 2.6 (A). Distances travelled by each team of tournament anglers from the Belleville weigh in site in the Quinte Fishing Series
tournament on July 24th, 2016 restricted to the Bay of Quinte (n=45). (B) Distances of Largemouth Bass recaptures from Belleville.
Fish were originally tagged in Belleville and recaptures were reported during tournaments and phone/website (n=252).
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Figure 2.7 Density (fish/ha) estimates based on adjusted Peterson population estimates for tournament size (>305 mm) Largemouth
Bass in the (A) Tri Lakes, 1999-2002 (10 819.5 ha) and (B) Bay of Quinte (2012-2015), grey symbols represent estimates for all
depths (18 920.06 ha) and black symbols represent estimates for water <6m (16 180.60 ha).
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Figure 2.8 The number of Largemouth Bass caught per tournament day, sampled through access point creels in Belleville (June –
September 2015). Open circles indicate the mean, black circles indicate outliers, black bars indicate the median. Letters indicate
statistically significant groups.
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Figure 2.9 Official weights (5 fish) for tournaments surveyed in Belleville (June – September 2015). Open circles indicate the mean,
black circles indicate outliers and black bars indicate the median. No significant differences between dates
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Chapter 3
The effect of long distance displacement on Largemouth Bass (Micropterus
salmoides) and Smallmouth Bass (M. dolomieu) in the Bay of Quinte and
eastern Lake Ontario

Introduction
Black Bass (genus: Micropterus), are in the family Centrarchidae, and include the
Largemouth Bass (M. salmoides) and the Smallmouth Bass (M. dolomieu). Though they are both
warm-water species and considered to be top predators (Scott and Crossman 1973), Largemouth
and Smallmouth Bass tend to occupy different habitats. Largemouth Bass prefer lakes with
shallow littoral zones and generally occupy water less than 6 metres in depth, moderate to high
densities of aquatic vegetation, and muddy substrate (Winter 1977; Lasenby and Kerr 2000).
Aquatic vegetation is extremely important to Largemouth Bass juvenile survival and feeding
strategy (Scott and Crossman 1973; Stuber et al. 1982; Mesing and Wicker 1986). Sammons and
Maceina (2005) also reported a strong association with woody structure in addition to aquatic
vegetation; and both may provide cover for juveniles from predators and camouflage for adults
as ambush predators. Smallmouth Bass to prefer clear, deep bodies of water with rocky substrate
on which to nest (Becker 1983). Gravel and cobble substrates were the most important habitat
predictors of spawning (Bozek et al. 2002). Todd and Rabeni (1989) found Smallmouth Bass to
be most commonly associated with boulders and logjams, using boulders almost exclusively in
the winter and generally avoiding open water. Smallmouth Bass are generally found in cooler
water than Largemouth Bass, and have a lower optimal temperature for growth (Coutant, 1975),
22˚C and 26˚C respectively (Whitledge et al. 2002).
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Patterns of movement are well documented for both Largemouth Bass (Winter 1977;
Mesing and Wicker 1986; Sammons and Maceina 2005) and Smallmouth Bass (Webster 1954;
Forney 1961; Todd and Rabeni 1989; Langhurst and Schoenike 1990; Ridgway et al. 2002).
Both species establish home ranges and exhibit seasonal migration (Mesing and Wicker 1986;
Langhurst and Schoenike 1990; Sammons and Maceina 2005), following a general pattern of
spring migration to spawning sites, followed by a shift to summer post-spawn home ranges, and
a fall migration to small winter home ranges that is correlated with water temperature (Webster
1954; Todd and Rabeni 1989; Ridgway and Shuter 1996; Ridgway et al. 2002). Generally,
Largemouth and Smallmouth Bass appear to move to the warmest water possible for the winter
season, sometimes occupying areas greater than 20 m in depth (Webster 1954; Lewis and
Flickinger 1967). Although individual Black Bass are considered to occupy limited area during
the summer (Fraser 1955) and remain relatively inactive during the winter months (Webster
1954), seasonal migrations can be extensive, particularly for Smallmouth Bass (Forney 1961;
Langhurst and Schoenike 1990). Natural movements as far as 150 km have been reported for
Smallmouth Bass (Kaemingk et al. 2011); however, similar long distance movements have not
been reported for Largemouth Bass (Carter et al. 2012). Home ranges of Smallmouth Bass are
reportedly larger, 200-400 hectares (see summary Ridgway et al. 2002), than Largemouth Bass,
which are generally less than 50 hectares (see summary Sammons and Maceina 2005).
Black Bass are the most sought after species in catch-and-release tournaments in Ontario,
which hosts over 1000 tournaments annually (Kerr 2012). Mortality associated with catch-andrelease tournaments has been reduced following better handling procedures (Wilde 1998);
however, ecological issues surrounding tournaments shifted focus towards the effects of fish
displacement in the early 1990s (Schramm et al. 1991). Most tournaments release fish at a
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common weigh-in site (Pflug and Pauley 1983; Stang et al. 1996). Concentrating or stockpiling
large Largemouth and Smallmouth Bass at release sites may have biological consequences
(Schramm et al 1991), including increasing susceptibility to angling (Richardson-Heft et al.
2000; Bunt et al. 2002). According to Wilde (2003), 22% of Largemouth Bass and 15% of
Smallmouth Bass released from tournaments are recaptured (Wilde 2003). Stockpiling may also
lead to exceeding the carrying capacity and overuse of resources at the release site (RichardsonHeft et al. 2000; Wilde 2003).
Most Black Bass movement and displacement studies have focused on small, moderately
stable waterbodies (Kaemingk et al. 2011), displacing fish over relatively short distances, 1-45
km, with varying success (Forney 1961; Pflug and Pauley 1983; Ridgway and Shuter 1996;
Stang et al. 1996; Richardson-Heft et al. 2000; Bunt et al. 2002; Ridgway 2002; Brown et al.
2015). In Rideau Lake, Ridgway (2002) found only 37% of Largemouth Bass displaced between
1.5-16.5 km returned to their capture sites, and no Largemouth displaced over 8 km returned. In
contrast, in Chesapeake Bay, between 33-43% of Largemouth Bass displaced 15-21 km returned
to the site of capture (Richardson-Heft et al. 2000). The return rate in Albemarle Sound, North
Carolina was 20%, although no Largemouth displaced further than 35 km returned (Brown et al.
2015). Smallmouth Bass appear to have somewhat higher rates of return success over similar and
longer distances (Ridgway 2002; Hunter and Maceina 2008). In Oneida Lake, 54% of
Smallmouth Bass displaced 8-24km returned to capture sites (Forney 1961). Ridgway and Shuter
(1996) found that 83% of Smallmouth Bass displaced an average of 6.7 km returned to sites of
capture in Lake Opeongo. A low return rate of 29% was reported by Bunt et al. (2002) for
riverine Smallmouth Bass displaced between up to 21km in Grand River, Ontario. Overall in a
review of the literature, Wilde (2003) stated that an average of 14% of Largemouth Bass and
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32% of Smallmouth Bass returned to their sites of capture. Largemouth Bass and Smallmouth
Bass are known to remain near the release site for extended periods of time following
displacement (Ridgway and Shuter 1996; Ridgway 2002; Wilde and Paulson 2003; Hunter and
Maceina 2008); however, in some cases, they have been found to disperse in less than a week
(Richardson-Heft et al. 2000; Kaintz and Bettoli 2010; Brown et al. 2015). In a review of the
literature on this issue, Wilde (2003) reports that 51% of Largemouth and 26% of Smallmouth
Bass remain within 1.6 km of the release site (Wilde 2003).
The Bay of Quinte and the adjacent eastern basin of Lake Ontario are areas of heavy
catch-and-release tournament pressure (Kerr 2012), hosting 15-20 Black Bass tournaments
annually. During tournaments on the Bay of Quinte, both Largemouth and Smallmouth Bass can
be displaced up to 100+ km from their sites of capture. A few studies have investigated
movements of Black Bass in the Great Lakes (Gerber and Hayne 1988; Kaemingk et al. 2011;
Carter et al. 2012), but to our knowledge, studies investigating the effects of this magnitude of
displacement on Black Bass have not been conducted.
The purpose of this study is to investigate the effects of long distance tournament
displacement (up to 100 km) on Largemouth and Smallmouth Bass movements and behaviour, in
the Bay of Quinte and Eastern Lake Ontario. We also use control (non-displaced) group to
describe the natural movements of these species.
Methods
Study Site
This study was conducted over 12 months (June 2015-June 2016) in Eastern Lake
Ontario, including the eastern basin and the Bay of Quinte (Figure 3.1).
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The Bay of Quinte is a long, narrow, Z-shaped bay located on the north shore of Lake
Ontario. As part of the Great Lakes system, the Bay of Quinte is located west of the head of the
Saint Lawrence River. It is 100 km long, ranging from Trenton to the Eastern tip of Amherst
Island, approximately 2 km wide, and covers an area of 25 000 ha. The average depth is 5 m,
except in the Lower Bay, which meets with Lake Ontario; here the average depth increases to
24.4m. It also contains abundant shore regions where depth is <2m. Adjacent to the Bay of
Quinte is the eastern basin of Lake Ontario. Lake Ontario itself is the smallest Great Lake by
surface area, covering 18 960 sq. km with an average depth of 86m. The eastern basin of Lake
Ontario covers 200 000 ha; it has a wide-ranging depth profile, with numerous near shore regions
<10m in depth, a maximum depth of 50m, and an average depth of 30m.
Both areas have diverse fish communities. Lake Ontario is dominated by, but not limited
to, Yellow Perch, Round Goby, Smallmouth Bass, Lake Trout, Chinook Salmon, Alewife, Cisco
and several species of Whitefish (Ontario Ministry of Natural Resources 2013). In the Bay of
Quinte, Walleye, Gizzard Shad, Bluegill, and Cisco are the predominant species (Ontario
Ministry of Natural Resources 2013). Largemouth Bass are also commonly in shallow, weedy
areas of the Bay of Quinte, while Smallmouth Bass are generally found in the rocky shoals and
outcrops of the Bay of Quinte.
Receiver Deployment and Retrieval
Forty-three acoustic receivers (VR2W, 69 kHz, Vemco) were initialized at Queen’s
University by connecting the battery, and configuring the time and deployment GPS coordinates,
using the program VUE (2.2.2). The Lake Ontario Management Unit (OMNRF) assisted in the
deployment of receivers throughout the Bay of Quinte and the south shore of Main Duck Island.
Receivers were deployed June 1-4, 2015 in the Bay of Quinte, on July 23, 2015 at the release
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array in Belleville and on September 3, 2015 at Main Duck Island (Figure 3.2). Receivers were
anchored using 1-2 cinderblocks or cylindrical steel anchors depending on sediment type and
attached with rope to a second set of anchors that served as a grappling line for retrieval.
Receivers were attached to rope using five zip ties approximately 1.5 meters above the bottom
and held upright with an orange float located 1-2 meters above the receiver. GPS coordinates
were recorded at each end of the anchoring system to facilitate retrieval.
Receivers were retrieved with the assistance of the Lake Ontario Management Unit on
the following dates: October 4, 2015 at Main Duck Island, October 15th, 2015 at the release
array, and November 2-5, 2015 in the Bay of Quinte. The boat captain navigated between the
waypoints for the receiver and anchor, while a technician ‘fished’ with a grappling hook behind
the boat. When the hook caught the grappling line, the anchoring system was pulled to the
surface where the receiver was replaced and re-deployed in the same location. Eleven receivers
were not re-deployed for the winter season (six at Main Duck Island, 2 in the Bay of Quinte, and
3 at the release array). In these cases, the anchoring system was retrieved and returned to
Queen’s University. Receivers at Main Duck Island were re-deployed in the Spring of 2016 for
one month (May 17-June 23). Receivers in the Bay of Quinte were retrieved May 30-June 2,
2016, and reset for the summer.
Receivers were brought back to Queen’s University where data was downloaded via a
Bluetooth connection to the program VUE (2.2.2). Following data download, the data from
receivers were erased and receivers either initialized for deployment at a new station or the
battery was disconnected to be stored over the winter.
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Range Test
Two range tests were conducted to determine the detection range of the acoustic
receivers. The first test was conducted over a period of 4 hours on May 10, 2016 in Brown’s
Bay, Wolfe Island (44.2˚, -76.4˚). A V16 range test tag (5s delay, Vemco), was anchored in
approximately 2 meters of water, and 4 VR2W acoustic receivers were anchored at varying
distances from the tag: 750 m, 1000m, 1250m, 1500m. The second range test was conducted
over a period of 5 weeks (May 17 – June 23). Two V16 range tests were anchored away from the
centre receiver of the Main Ducks array; one was in shallow water (~1.5m deep) approximately
950m from the nearest receiver, the other in deeper water (~10m deep) located mid water column
approximately 500 m from the closest receiver.
Fish Surgery and Release
Study Design
Thirty Largemouth Bass were implanted with V16-1H coded acoustic transmitters (20g,
16mm x 54mm, 69kHz, 120s delay, battery life 429 days, Vemco) over a five-week period in
July and August 2015. Fish were caught using legal angling techniques and transported within a
boat’s livewell to the George Street ramp in Belleville for surgery. Fish were caught either for
the purposes of this study or obtained directly through catch-and-release tournaments held by the
Quinte Fishing Series. Twelve fish were caught within 1-2 km of the Norris Whitney Bridge in
Belleville, and released post-surgery in the array as a control group. The remaining 18 fish were
caught varying distances (15-100km) from the bridge at known tournament capture sites and
displaced post-surgery to the release array (Table AII.1).
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Thirty Smallmouth Bass were implanted with V16-4H coded acoustic transmitters (25g,
16mm x 68 mm, 69kHz, 120s delay, battery life 1825 days, Vemco) over a five-week period in
July and August 2015. Fish were caught using legal angling techniques and transferred to either
the George Street ramp (Belleville) or Main Duck Island for surgery, depending on their
treatment group. Fish were caught either for the purposes of this study or obtained directly
through catch-and-release tournaments held by Quinte Fishing Series. Twelve fish were caught
within 1-2 km of the center of the array on the south side of Main Duck Island and released postsurgery in the center of the array as a control treatment. The remaining 18 fish were caught
varying distances (90-100km) from the Norris Whitney Bridge at known tournament capture
sites and displaced post-surgery within a livewell to the release array (Table AII.2).
Surgery
Surgeries for both species were conducted at the George Street ramp in Belleville, with
the exception of the twelve Smallmouth Bass controls at Main Duck Island. Fish were held in
aerated live wells or tanks prior to surgery and allowed to recover from transport. Each fish was
anaesthetized using an induction bath of 60-ppm clove oil/ethanol (1:9) solution (Keene et al.
1998). After the fish attained stage 4 anesthesia, characterized by the loss of equilibrium (Keene
et al. 1998) they were transferred to the surgery sling. During surgery, a bilge pump was used to
circulate an aerated recirculating dose of 30-ppm clove oil/ethanol (1:9) solution (Keene et al.
1998). An incision (20-25mm long) was made using a razorblade slightly off-centre and
posterior to the pectoral fins. The activated transmitter was inserted into the body cavity, and the
incision was closed using three to four simple, interrupted sutures (Ethicon, FS-1 reverse cutting,
3-0 monofilament). Two pink floy tags containing a unique ID number, phone number and
website, were inserted on either side of the soft dorsal spines to indicate the presence of an
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internal transmitter. Fish were then weighed and measured for total and fork length. Post surgery,
fish were transferred to an aerated tank or live well to recover before being released at the
designated site. All surgery tools were sanitized using 95% ethanol solution. Stage 4 anesthesia
usually occurred in less than three minutes, all fish regained equilibrium post surgery in three to
five minutes and fully recovered in less than ten minutes. All methods were approved by
Queen’s Animal Care and met CCAC requirements (protocol 2013-040).
Statistical Analysis
Statistical analyses were performed in program R using version 3.3.1 “Bug in Your
Hair”, using packages FSA (0.8.8), ggplot2 (2.1.0), gridExtra (2.2.1), and cowplot (0.6.2). For
statistical comparisons, Shapiro-Wilks tests were performed to determine whether the data were
normally distributed; if data were significantly not-normal, log transformations were performed.
In cases where log-transformations were successful, one-way ANOVAs were used; if they were
not successful, Kruskal-Wallis Rank Sums tests were used. Where significant differences were
found post-hoc analyses were performed, Tukey HSD tests following ANOVAs and Dunn Tests
with Holm adjustments following Kruskal-Wallis tests.
Range Test
Both range tests were assessed to determine the effective range of the VR2W acoustic
receivers in conjunction with the V16 tags. For the single day range test, the day was divided
into “morning” from 11:30am-12:30pm and ‘afternoon” from 12:30-1:30pm. In both tests, we
calculated number of detections recorded by each receiver over the range test period, in addition
to the distance between the transmitters and each receiver as calculated in Google Earth ©. The
number of recorded detections was divided by the number of transmissions emitted by the range
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test tags, to calculate the percent of detections received. Where range test tags emitted
transmissions over a range of time (i.e. 720-750 seconds), the minimum and maximum number
of possible transmissions were calculated to determine a range of percent detections received. To
test whether there were significant differences between the percentage of detections received at
each receiver, Kruskal-Wallis tests were completed and Dunn Tests where significant differences
were found.
Detections, Movement Patterns and Survival
Detections were compiled from each receiver to determine the number of detections
monthly throughout the study period for the four groups: control Largemouth Bass, displaced
Largemouth Bass, control Smallmouth Bass and displaced Smallmouth Bass. Receivers were
sorted into stations based on their geographical location. Monthly detections by stations were
compiled throughout the study period for each of the four groups. Data from the array east of the
Main Duck Island were obtained from the University of Windsor/OMNRF - referred to as the
“OMNRF array”. Monthly detections were visually inspected for trends and differences between
groups and across seasons. A second rendition of both monthly detections and stations detections
was inspected with four individuals from the Smallmouth Bass displaced group removed, as they
had not moved from the Belleville Bridge since October 15, 2015.
Overall movement was analyzed to gain a general understanding of the area occupied by
each of the four groups: control Largemouth, displaced Largemouth, control Smallmouth, and
displaced Smallmouth. Detection locations during spring and fall were used to identify potential
overwintering sites. This information was also used to determine whether individuals could be
categorized as ‘alive’, ‘suspected alive’, ‘stationary’ or ‘unknown’. Individuals were determined
to be alive if they were detected during the week (May 30-June 2, 2016) that receivers were
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retrieved. This excludes individuals that were present at the time of retrieval but had been
detected consistently for several months at the same receiver without multi-day gaps - these
individuals were considered to be stationary. Individuals categorized as ‘suspected alive’ were
detected by receivers this spring within 6 weeks of receiver retrieval (April 18-May 30). No
individuals were detected in January, February or March that were not detected in April, May, or
June. Individuals of unknown status were only detected for a short time following their release
and not at all in 2016. It can be difficult to determine the survival status of individuals through
passive gated acoustic telemetry, as there are large areas between receiver gates where
individuals may go undetected for long periods of time. Therefore, to account for the unknown
status of many individuals, three iterations of the data set were run for statistical comparisons.
The first iteration, the restricted subset, includes only individuals that are alive or suspected
alive, and the two individuals (1 Largemouth Bass, 1 Smallmouth Bass) that are considered to
have returned to their capture sites. The second, mid-level subset, includes the individuals from
the restricted subset in addition to individuals that were detected more than 1-month post-release.
The final iteration includes all individuals in this study.
Return to Capture Site
To determine whether individuals returned to their site of capture, detections from the
receiver station closest to the site of capture were inspected. If the individual was detected, they
were counted as returning ‘home’. The percent of fish that returned home was calculated for both
Largemouth Bass and Smallmouth Bass for all three datasets: all individuals, mid-level subset,
and restricted individuals.
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Maximum Distance from Release Site
Receiver detections were inspected to determine the maximum distanced travelled away
from the release site for each individual. The shortest distance between the release site and the
furthest receiver at which an individual was detected, was estimated using Google Earth ©.
Distances were compiled for four groups: control Largemouth Bass, displaced Largemouth Bass,
control Smallmouth Bass, and displaced Smallmouth Bass. Three Kruskal-Wallis tests were
performed to determine whether there were significant differences among three of the four
groups at three levels: all individuals, mid-level subset, restricted subset. Post-hoc Dunn Tests
were performed where significant differences were found. The Smallmouth Bass control group
was not statistically compared to the other three groups, as the release array at Main Ducks
covered an area approximately 3x as large as the Belleville release site.
Time to Leave Release Array
To determine the amount of time spent in the release array prior to departure, the number
of consecutive days with detections in the release arrays was calculated for each individual. An
individual was considered to have departed from the array when one calendar day had occurred
without detections (24-48 hours). The number of days for each individual was then estimated for
the four groups: control and displaced for each species. Data were log transformed to improve
normality and three one-way ANOVAs were performed; all individuals, mid-level subset, and
restricted subset. Tukey HSD post-hoc tests were performed when significant differences were
found.
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Residency Index
Residency indices were estimated to determine where fish were detected most often. To
account for differences in the length of time receivers were deployed, which may bias the
residency index, the number of total detections by each group at each receiver was divided by the
number of days deployed, and the number of total detections was divided by the total number of
days that receivers were deployed. The standardized number of detections at each receiver was
then divided by the standardized number of total detections to calculate a residency index at each
receiver. This was performed a total of 12 times, for each group (Largemouth displaced,
Largemouth control, Smallmouth displaced, Smallmouth control) at three levels: all individuals,
mid-level subset, and restricted subset. At each of the different levels, Kruskal-Wallis tests were
performed to determine whether the residency indices were significantly different between
groups. Dunn tests were performed where significant differences were found.
Results
Range Test
The results of the initial range test performed on May 5th, 2016 in Brown’s Bay indicate
that there were significant differences in the percent detections received at different receiver
distances across the two-hour period (Kruskal-Wallis, df=3, p<0.05). Post-hoc tests indicated
that there were no significant differences between distances, although a marginally nonsignificant difference in percent detections was present between 750m and 1500m (Dunn Test,
p=0.055). The percent detections dropped at each receiver distance from the morning to the
afternoon (Figure 3.3).
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The range test at Main Duck Island was performed between May 17 and June 23, 2016.
Over this time period the mean percentage of detections received for the shallow range testing
tag was 17.1% at the closest receiver, a distance of 960 metres. The mean percentage of
detections for the deep range testing tag was 60.9% and 28.7% at the two closest receivers, 480
m and 750m respectively. At 480 m, 31/38 days indicated greater than 50% detections, and at
750 m only 9/38 days indicated greater than 50% detections; therefore, the effective range
(consistently over 50% detection rate) is likely between 480 and 750 m. The percent detections
received for both shallow (Figure 3.4) and deep (Figure 3.5) tags were variable at each distance
throughout the time period and overall the percentage of detections received from the shallow tag
was lower than that of the deep tag. However, an overall trend of decreasing detections with
increasing distance is generally visible for both tag locations. There were significant differences
in the percent detections between the different receivers for the shallow tag (Kruskal-Wallis,
df=5, p<0.05) and the deep tag (Kruskal-Wallis, df=5, p<0.05). For the shallow tag, receivers
were clustered in three significantly different groups (Dunn Test, p<0.05): MDI 1-3 (18303400m); MDI 4-5 (960-970m); and MDI 6(1100m). For the deep tag, receivers were clustered
into four significantly different groups (Dunn Test, p<0.05): MDI 1,4,6 (1420m, 1620m,
3420m); MDI 2 (480m); MDI 3 (750m); and MDI 5 (2600m).
Detections, Overall Movement and Survival
Thirty Largemouth Bass were detected between July 26th 2015 and June 2nd 2015, for a
mean of 167 days (Table AII.3). Thirty Smallmouth Bass were detected between August 22nd,
2015 and June 23rd 2016 for a mean of 209 days (Table AII.3). The number of monthly
detections was highest in the initial months’ post-release (Figure 3.6A) and at stations closest to
the release site (Figure AII.2 A-D). Detections decreased over the winter months for Largemouth
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Bass (Figure AII.2 A, B); however, detections for control Smallmouth Bass remained fairly
stable throughout the study period (Figure AII.2 D). Control Smallmouth Bass were detected in
both the Main Ducks and OMNRF arrays for the duration that they were deployed, with a
secondary peak in detections in the spring, March-April 2016. Detections for displaced
Smallmouth Bass remained high throughout the study period but decreased with the removal of
four individuals (ID 57399, 57403, 57405, and 57412) that had been detected consistently at the
release site since October 2015 (Figure3.6B). For control Largemouth Bass and displaced
Smallmouth Bass, detections at receivers further from the release site increased during seasonal
transition periods, October-November 2015 and March-April 2016. Detections at the Trenton
Narrows occurred throughout the winter for displaced Largemouth Bass, while detections at the
release site increased in the spring, March-April 2016. These patterns indicate potential
overwinter sites in the deeper water found west of the Trenton Narrows and east of Massasauga
Point, in Big Bay.
Overall movements indicate that control Largemouth Bass were detected west to Trenton
Narrows and east to Massasauga Point; and displaced Largemouth Bass were detected west to
Murray Canal and east to Massasauga Point (Figure 3.7A). Displaced Smallmouth Bass were
detected west to Murray Canal and Southeast to Thompson’s Point in the Bay of Quinte and the
OMNRF array in the eastern basin of Lake Ontario; and control Smallmouth Bass were detected
at Main Duck Island and the OMNRF array (Figure 3.7B). Control Smallmouth Bass appeared to
follow a pattern of home range on the south site of Main Duck Island, to overwinter sites in the
OMNRF array, followed by a return to the south side of the Island in the spring.
As of June, 2016, three Largemouth Bass controls are alive, four are suspected to be
alive, four are unknown, and one was reported as harvested. Four displaced Largemouth are
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alive, six are suspected to be alive, eight are unknown. Three displaced Smallmouth Bass are
known to be alive, two are suspected alive, one is home with unknown status, and eight are
unknown. Ten of 12 Smallmouth Bass controls are known to be alive and two are suspected to be
alive. Including the individuals that are alive or suspected to be alive, survival for control
Largemouth Bass was 58%, 56% for displaced Largemouth, 27.8% for displaced Smallmouth
Bass (not including the one that went home), and 100% for control Smallmouth Bass (Table
AII.3).
Return to Capture Site
Return to capture site was determined when an individual was detected by the receivers
closest to their capture site. Largemouth Bass were displaced an average of 62.3 km, and
returned an average of 3.8 km from the release site (Figure 3.8A). Between 279 and 313 days’
post-release, only 1 of 18 displaced Largemouth had returned to their initial capture sites.
Largemouth Bass ID 36819 was displaced from near Trenton on July 26th, 2015 and was
detected at the Trenton Narrows receivers, 10 km from the Belleville release site, on October
20th, 2015. The individual spent approximately one month near the release site then travelled 6
km east to Massasauga Point and back to the release site before travelling west to the Trenton
Narrows. The individual was detected sporadically over three days at the Trenton Narrows until
October 23, 2015, before going undetected until April 24th, 2016 at the Trenton Narrows (Figure
AII.1A). Largemouth ID 36819 was most recently detected May 8th, 2016 at the Trenton
Narrows. The rate of return using all displaced Largemouth Bass is 5.6%, using the mid-level
subset it’s 8.3%, and using the restricted subset it’s 10%.
Smallmouth Bass were displaced an average of 97.2 km and returned an average of 12.05
km (Figure 3.8B). Between 279 and 286 days’ post release, only one of 18 displaced Smallmouth
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Bass had returned to their initial capture sites. Smallmouth Bass ID 57391 was displaced from
the south side of Wolfe Island on August 29th, 2015 and was detected leaving the eastern part of
the OMNRF acoustic array outer ring on November 18th, 2015, 135 km from the Belleville
release site. The individual spent time at the release site, travelling back and forth between the
release site and Massasauga Point before traveling down to Thompson’s Point on September 21st,
covering a distance of 35 km in 36 hours. The individual then travelled back to the release site
and proceeded west to the Murray Canal, which was the last site of detection in the Bay of
Quinte on October 21st, 2015. Following approximately three weeks of no detections, ID 57391
was detected in the OMNRF acoustic array on the east side of Main Duck Islands on November
14, 2015 (Figure AII.1B). The individual was last detected on November 18th, leaving the eastern
side of the OMNRF outer ring near Little Galoo Island, New York. The rate of return for
Smallmouth Bass using all individuals is 5.6%, using the mid-level subset it is 10%, and 16.7%
with the restricted subset.
Maximum Distance from Release Site
Maximum distance from the release site was calculated for each species and treatment
group using three subsets of individuals throughout the study period. Control Largemouth Bass
were detected between 0.3 km and 10 km (mean 4.62 km) from the release site at Belleville, and
displaced Largemouth Bass were detected between 0.3 km and 18.5 km (mean 3.79 km) from the
release site at Belleville. Displaced Smallmouth Bass were detected between 0.3 km and 135 km
(12.0 km) from the release site in Belleville, and control Smallmouth Bass were detected
between 8.7 km and 19.8 km (mean 11.3 km) from the release site at Main Ducks. Using all
individuals and the mid-level subset (Figure 3.9), we found that the Smallmouth Bass control
group travelled significantly further than Smallmouth Bass displaced group (Dunn Test, p.adj
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<0.05), and there was a marginally non-significant trend towards Smallmouth controls travelling
further than Largemouth controls (Dunn Test, all – p.adj=0.07, mid – p.adj=0.06). Using the
restricted subset, Smallmouth Bass controls appeared to travel significantly further than the other
groups (Kruskal-Wallis, df=3, p<0.05); however, Holm adjusted post-hoc analyses yielded only
a strong trend towards control Smallmouth Bass travelling further than displaced Smallmouth
Bass (Dunn Test, p.adj=0.08).
Time to Leave Release Array
The time to leave the Belleville release array (~2km2) was calculated and compared for
Largemouth controls, Largemouth displaced, and Smallmouth displaced groups of three subsets.
Individuals were considered to have left when they were not detected for one calendar day (2448 hours). There were no significant differences between Largemouth control and displaced, and
Smallmouth displaced groups using all individuals, the mid-level subset or the restricted subset
(One-way ANOVA, df=2, p>0.05). The mean number of days to leave for all groups was 13.6:
Largemouth Bass controls, 12.33 days; Largemouth Bass displaced, 13 days; and Smallmouth
Bass displaced, 14.94 days (Figure 3.10A). Smallmouth Bass controls were released in a larger
array (~6km2) at Main Duck Island. Five of 12 individuals did not leave the array for a full
calendar day during the month the array was deployed in the fall of 2015. The remaining seven
fish left the array after an average of 23.14 days (Figure 3.11B).
Residency Index
Residency indices for the course of this study were calculated for both species and
treatment groups using three different subsets of individuals each. There were no significant
differences between all individuals, mid-level subset, and restricted subset for the Largemouth
Bass control group (Kruskal-Wallis, df=2, p>0.05) or the Largemouth Bass displaced group
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(Kruskal-Wallis, df=2, p>0.05). There was a significant difference for the Smallmouth Bass
displaced group (Kruskal-Wallis, df=2, p=0.007) between all individuals and the restricted
subset (Dunn Test, p.adj=0.006). There was a strong trend indicating differences between all
individuals and the mid-level subset (Dunn Test, p.adj=0.08), but no difference between the midlevel and restricted subset (Dunn Test, p.adj >0.05). The Smallmouth Bass control group was not
divided into subsets for reasons indicated above.
The release sites were the primary sites of residence for both species, control and
displaced. There was no significant difference in the residency indices between the Largemouth
Bass control group and the Largemouth Bass displaced group at any subset: all, mid, or restricted
(Dunn Test, p>0.05). There were significant differences in residency indices between
Smallmouth Bass displaced group and both the Largemouth control and Largemouth displaced
groups at all subsets: all, mid, and restricted (Dunn Test, p<0.001). The Smallmouth Bass control
group was not compared statistically to the other groups, as they were released at a separate site.
They resided primarily south of the Main Duck Island near the release site, and the western
portion of the outer ring of the OMNRF acoustic array, adjacent to the islands. They resided in
other areas of the OMNRF acoustic array with decreasing frequency as distance from the islands
increased (Figure 3.11A). The Largemouth Bass control group resided between the Trenton
Narrows and Massasauga Point (Figure 3.11B). The Largemouth Bass displaced group resided
between the Murray Canal and Massasauga Point (Figure 3.11C). The Smallmouth Bass
displaced group resided between the Murray Canal and Thompson’s Point within the Bay of
Quinte, and was also detected in the OMNRF acoustic array, east of the Main Ducks Islands
(Figure 3.11D).
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Discussion
Range test data decreased with distance from the range testing tag and detection rates
were highly variable, indicating the effective (>50% detections) range of the receivers to be
between 500-750m. Variability in acoustic range in known to be affected by biological (i.e.
snapping shrimp), physical (i.e. wave action), or anthropogenic (i.e. motor noise) (Heupel et al.
2006). Although the data were not available for analysis, this variation in detection range is
likely due to weather factors at the Main Duck Islands, which are isolated in the open water of
eastern Lake Ontario, and subject to extreme weather changes. Temporal variation due to
weather such as storms and wind has been previously documented (Heupel et al. 2006). Further
work should be completed to determine the factors contributing to changes in acoustic detection
range at Main Duck Island.
Return to capture site was lower for both species than has been previously reported,
which might be expected for displacement of this magnitude. Only one of 18 (5.6-10%)
Largemouth Bass individuals was considered to have returned to its capture site. Wilde (2003)
reported that an average of 14% of displaced Largemouth Bass returned to their capture sites;
specific return rates reported include 26% (Stang et al. 1996), 37% (Ridgway 2002), 33% and
43% (Richardson-Heft et al. 2000). In our study, the returning individual was detected at the
closest acoustic gate within 3-4 km of its original capture site, 10 km from the release site. This
is a longer distance than previously reported by Ridgway (2002), who found that no Largemouth
Bass displaced further than 8 km returned to its capture site. However, Largemouth Bass have
been reported to return to capture sites when displaced up to 35 km in Albermarle Sound (Brown
et al. 2015).
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One Smallmouth Bass was considered to have returned to its capture site, as it was
detected leaving in the direction of its capture site from the closest acoustic array, an
unprecedented distance of 135 km from the release site. Previous studies have not conducted
displacement of this magnitude, although seasonal migrations in Smallmouth Bass have been
shown to be extensive; 84 km (Bunt et al. 2002), 109 km (Langhurst and Schoenike 1990), and
150 km (Kaemingk et al. 2011). The individual initially attempted to leave the Bay of Quinte by
travelling southeast towards the Lake at a rate of almost 1 km/hour over 36 hours. The individual
then returned to the release site and travelled west to the lake through the Murray Canal around
Prince Edward County. This may suggest difficulty navigating out of the Bay of Quinte, which is
largely suboptimal habitat for Smallmouth Bass and forms an abnormal Z shape pattern covering
up to 100 km. This individual was the only individual of 18 displaced Smallmouth Bass to return
to its capture site (2.6-16.7%). Previous rates of return include an overall rate of 32% (Wilde
2003); and study specific rates of 29% (Bunt et al. 2002), 54% (Forney 1961), and 84%
(Ridgway and Shuter 1996). Little to no displacement work has been conducted on the Great
Lakes, and we also know very little about the normal movements, home ranges, and potential
return ability after displacement in bass from these waterbodies. However, the displacement
distances and return rates in this study are expected to reflect typical tournaments in the Bay of
Quinte and eastern Lake Ontario.
Individuals of both species (Largemouth control and displaced, Smallmouth displaced)
were concentrated around the release sites, spending more time within the release array at
Belleville than any other area covered by acoustic receivers. Each of the three groups spent an
average of almost two weeks in the release array (~2km2) before leaving and going undetected
for a full calendar day. Concentration around the release site is consistent with Ridgway and
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Shuter (1996) who indicated Smallmouth Bass spent a week at release sites before leaving, and
Ridgway (2002) who reported Largemouth Bass remaining within 400m of the release site for up
to two weeks prior to departure. Wilde and Paulson (2003) reported limited dispersal in
displaced Largemouth Bass, with 63% remaining within 500 m of the release site. These findings
may have implications for tournaments in the Bay of Quinte, as the Bay is host to an average of
10 tournaments annually. Stockpiling of bass near release sites may make them more susceptible
to angling pressure (Richardson-Heft et al. 2000). This has been observed with both Largemouth
and Smallmouth Bass tagged with floy tags in the Bay of Quinte (personal observation). It may
also lead to overuse of resources at the release site (Wilde 2003), and the potential to exceed the
carrying capacity of the area (Richardson-Heft et al. 2000).
Previous literature has generally shown Smallmouth Bass to disperse further from the
release site than Largemouth Bass (Ridgway 2002; Wilde 2003; Hunter and Maceina 2008). In
our study, however, there was no significant difference in maximum distance travelled from the
Belleville release site for control and displaced Largemouth Bass, or displaced Smallmouth. Two
displaced Smallmouth Bass did travel to locations not reached by Largemouth Bass control or
displaced fish; however, many Smallmouth Bass in this study also went undetected once they left
the release array, indicating a wide variety in movement. Different groups of behaviour from fish
in the same water body has been previously suggested (Funk 1957, Miller 1975), with some
Smallmouth Bass exhibiting restricted movements, and some exhibiting extensive movements
(Kaemingk et al. 2011). The displaced Smallmouth Bass were initially caught from a variety of
locations outside of the Bay of Quinte and it is possible that bass caught from areas with very
different geomorphology might exhibit different movement behaviours (Richardson-Heft et al.
2000). Detections at Massasauga Point and Trenton Narrows increased in October and
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November for each group, most notably in the Largemouth control group, indicating a fall
seasonal movement towards deeper areas of the bay (Trenton Narrows and Big Bay) for the
winter. A corresponding spring seasonal movement was also observed in late March to early
May, as fish returned to shallower, warmer waters, presumably spawning.
Movements of the Smallmouth Bass control group at Main Duck Island, appear to
indicate fidelity to the southern portion of the island as a summer home range. Fish were present
in the array (~1 km wide, ~6.5 km long) for the majority of the time receivers were deployed in
the fall of 2015. Each individual was detected at all receivers, supporting the idea that
Smallmouth Bass occupy long, narrow home ranges approximately 4-5 km long and 200-400 ha
in size (Forney 1961; Ridgway and Shuter 1996). Although the eastern Lake Ontario system is
substantially larger than the majority of previous study sites, these results indicated that home
range size is probably not related to the size of the waterbody, but rather some other factor such
as prey availability or an abiotic factor such as temperature (Gerber and Hayne 1988; Kaemingk
et al. 2011, Carter et al. 2012).
Receivers for this study were lifted in the first week of October, but an additional array
was deployed by the OMNRF and the University of Windsor in the channel along the
Ontario/NY border, east of the Main Duck Islands. Smallmouth Bass (controls) within this study
appeared to transition from summer/early fall ranges on the south side of Main Duck Island into
the deeper water (>30m) of the channel for the winter. Black Bass are known to travel to the
warmest waters possible during the winter, sometimes in depths of over 20m (Webster 1954;
Lewis and Flickinger 1967). It is likely that the proximity of the deep channel allows easy
access, with minimal energy expenditure, to warm water and shelter from the effects of winter
storms in an otherwise relatively open waterbody. Following winter, the Smallmouth control
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group appeared to make a spring migration to the near shore areas on the south side of the island.
This is substantiated by 11 of 12 individuals returning to the receiver array deployed May
through June on the south shore; the 12th individual remained in the OMNRF array. Smallmouth
were regularly present in the array throughout the spring, although not as consistently as in the
previous fall. This may be due to nesting in shallow waters near shore, which were generally
800-900 metres from the nearest receiver. Range test data during this time indicate varied
detection rates for the shallow tag, typically near 40-50%, although some days no detections
were received. Therefore, the detection pattern of individual fish observed, is consistent with
spawning adults in nearshore areas. Although post-spawning data is not available at this time, I
expect individuals to move out into the deeper area off the south shore of Main Duck, back into
the consistent detection range of the array, as they establish their summer home ranges. This
pattern would be consistent with typical Smallmouth seasonal behaviour as outlined by Webster
(1954) and Ridgway et al. (2002). In addition, Ridgway and Shuter (1996) reported a 74%
overlap between summer home range use in consecutive years, and Kaemingk et al. (2011)
suggested that fidelity to post-spawning ranges may be more important than spawning site
fidelity for Smallmouth Bass in Lake Michigan. The OMNRF array did continue to detect
individuals in May; however, detections were primarily localized at the receivers adjacent to the
islands and detections may be due to the acoustic signals travelling longer distances through the
water on calm days.
True survival was not assessed in our study, as individuals were not actively tracked and
may go undetected for long periods of time between receiver gates. However, categories were
assigned to each individual to determine their potential status. Taking into account only
individuals that were considered to be alive, or suspected alive, survival (or detection rate) for
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Largemouth control and displaced groups were similar (58 and 56%, respectively) and
noticeably higher than Smallmouth displaced fish (28% survival). Largemouth survival in this
study, is similar to that of radio-tagged Largemouth in Lake Opeongo, a study that included
natural and angling mortality (Ridgway 2002). The Smallmouth control group had 100%
survival through the course of this study, which may be representative of greater coverage of
their seasonal home ranges compared to the receiver design in the Bay of Quinte. Causes of the
low detection rate for the Smallmouth Bass group are unlikely to be solely the effects of surgery,
as the Smallmouth control group remained unaffected and the surgeon was consistent among the
groups. The main difference between the control and displaced group was the long distance
displacement (~100 km) from Lake Ontario into the Bay of Quinte. Smallmouth Bass are known
to have lower optimal temperature for growth and reproduction than Largemouth Bass and are
strongly influenced by water temperature (Coutant 1975). Although speculative, the act of being
displaced into suboptimal habitat, with warmer temperatures may have a strong negative effect
on the survival and/or dispersal abilities of Smallmouth Bass in the Bay of Quinte. It is important
to note, however, that displaced Smallmouth may have survived but remained undetected
between receiver gates. There is anecdotal evidence from anglers suggesting that some
Smallmouth Bass are able to thrive within the Bay of Quinte. Further research is needed.
The results of this study indicate that Smallmouth Bass at Main Duck Island in eastern
Lake Ontario occupy similar home range sizes and seasonal migration patterns, as previously
described in the literature. The home range size of control Largemouth Bass could not be
assessed through this study; however, they appear to remain near Belleville for the duration of
the summer before undertaking fall migration (~5-10 km) to overwintering sites. Displaced
Largemouth and Smallmouth Bass remained concentrated within the release array for an average
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of two weeks before dispersing from the area, and many were never detected at any other
receiver gates indicating limited dispersal from the greater Belleville area. This has the potential
for stockpiling fish near the easily accessible release site following consecutive tournaments,
where fish may overuse resources or exceed the carrying capacity of the area. Only two fish
returned to their sites of capture, further indicating limited dispersal from the release site and out
of the Bay of Quinte.
Future work should be conducted in Lake Ontario and the St. Lawrence River to
determine whether low return rates observed in this study are indicative of the long distance
displacement, or a function of the abnormal shape of the Bay of Quinte and suboptimal habitat.
The individual that travelled 135 km back to its capture site did so in the open water of Eastern
Lake Ontario, potentially suggesting an increased ability to navigate the lake as opposed to the
Bay. Active tracking would also be a useful supplement to passive acoustic gates in large
waterbodies, where it is possible for individuals to go undetected between gates for long periods
of time. This would help to improve our understanding of dispersal at the release site and
survival of fish post-release.
To facilitate the dispersal of bass from the Upper Bay of Quinte, tournament organizers
should consider the use of satellite weigh-in and release sites at various locations in the Bay and
eastern Lake Ontario. Satellite weigh-in and release locations could provide a separate location
for anglers to weigh in their fish and/or release fish post-weigh in. If used as a weigh in site,
results can be transmitted electronically to the central weigh in location. A satellite location near
Amherst Island would reduce displacement distances for Black Bass caught in Lake Ontario, and
could increase dispersal from the release site and returns to capture sites. Where satellite release
locations are not an option, boundary limits for anglers should be considered to reduce the effects
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of stockpiling top predators from the Lake into the Bay and limit displacement of Smallmouth
Bass into suboptimal habitat.
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Figure 3.1 Study site: Bay of Quinte and eastern basin of Lake Ontario. The Bay of Quinte runs from Murray Canal to the west to the
western tip of Amherst Island. Eastern basin of Lake Ontario runs from Prince Edward County in the west, Kingston to the north, New
York State to the east and Main Duck Island to the south.
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Figure 3.2 VR2W stationary acoustic receiver locations and station names in the Bay of Quinte and eastern basin of Lake Ontario as
deployed in this study. Receivers were deployed for varying amounts of time throughout the study period between June 2015 and June
2016.
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Figure 3.3 Results of the range test conducted in Brown’s Bay on May 5, 2016. Morning includes transmissions between 11:30am
and 12:30 pm, afternoon includes transmissions between 12:30pm and 1:30pm. The range test tag was located in approximately 2m of
water and one receiver was located at each distance from the range test tag.
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Figure 3.4 a-d Results of range test conducted in shallow (~1.5m) water at Main Duck Island from May 17-June 23, 2016. Receiver
were located (A) 960m, (B) 970m, (C) 1100m, (D) 1830m (E) 2770m, (F) 3400m from the range test tag. Minimum and maximum
detections rates were calculated based on the transmission rate of the tag (720-750 seconds).
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Figure 3.5 a-d Results of range test conducted in deep (~10m, tag mid water column) water at Main Duck Island from May 17-June
23, 2016. Receiver were located (A) 480m, (B) 750m, (C) 1420m, (D) 1620m (E) 2600m, (F) 3420m from the range test tag.
Minimum and maximum detections rates were calculated based on the transmission rate of the tag (720-750 seconds).
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Figure 3.6 (A) Total detections from all receivers by month throughout the study period, for each group of fish (B) Total detections
from all receivers by month throughout the study period, with four Smallmouth Bass removed that had been stationary since October
15, 2015.
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Figure 3.7 Number of unique transmitters detected throughout the study period (June 2015-June 2016) by each station for (A)
Largemouth Bass control fish and Largemouth Bass displaced fish, and (B) Smallmouth Bass control fish and Smallmouth Bass
displaced fish.
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Figure 3.8 Distance displaced and distance returned for each displaced (A) Largemouth Bass (B) Smallmouth Bass.
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Figure 3.9 Maximum absolute distance travelled from the release site to the furthest receiver at which individual fish were detected,
by group. Letters indicate significant differences; open circles indicate means.
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Figure 3.10 (A) Number of days to leave the Belleville release array for 3 groups, Largemouth control, Largemouth displaced, and
Smallmouth displaced. No significant differences between groups. (B) Number of days to leave the Main Duck release array for
Smallmouth control individuals, four individuals did not leave the array in the first month the array was deployed.
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Figure 3.11 Residency indices for Largemouth and Smallmouth Bass for the duration of this study (June 2015-June 2016), size of the
red circles are proportional to the residency index for each group. (A) Smallmouth controls (B) Largemouth Bass controls (C)
Largemouth Bass displaced (D) Smallmouth Bass displaced.
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Chapter 4: General Discussion

Recreational fishing in Canada is worth approximately $2.5 billion annually (Fisheries
and Oceans Canada, 2010), with total recreational fishing related expenditures exceeding $47.3
billion annually in North America (Tufts et al. 2015). For the economic value of these fisheries
to be maintained, the fish populations targeted by recreational anglers need to be conserved.
Conservation of these fish populations can only be achieved through management strategies that
are based on the best available science.
Competitive fishing has recently become an important aspect of many recreational
fisheries. Ontario now hosts the highest number of competitive fishing tournaments of any
jurisdiction in North America (Kerr and Kamke 2003). Most of these tournaments target Black
Bass on large waterbodies such as the Great Lakes (Kerr 2012). With the growing popularity of
competitive fishing, there has been a number of studies examining the biological impacts of this
activity on fish populations (Ferguson and Tufts 1992; Cooke et al. 2002; Furimsky et al. 2003;
Suski et al. 2004). At present, however, there are many issues in this area that still need to be
resolved.
In terms of the biological impacts of tournament fishing, an important area of concern is
whether bass return to original sites of capture (Schramm et al. 1991b). While some research has
been conducted on this issue, it has largely been focused on small, relatively stable systems
(Kaemingk et al. 2011). There is also considerable variation in the results obtained in these
studies (Forney 1961; Ridgway and Shuter 1996; Richardson-Heft et al. 2000; Ridgway 2002;
Wilde 2003; Brown et al. 2015). Since most tournaments in Ontario are moving to large
waterbodies, there is currently an urgent need for more information about the impacts of
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displacing bass over long distances in these events. In the eastern basin of Lake Ontario, it is not
unusual for bass to be moved 50 to 100 km between the sites of capture and their ultimate release
site.
In many North American lakes, regular creel surveys conducted by state or provincial
fisheries agencies gather important information about the non-tournament recreational fishery.
At the present, however, there is often very little information gathered about tournament
fisheries. This is currently the situation for most lakes in Ontario where tournament anglers and
non-tournament anglers both contribute to the overall bass recreational fishery. In Ontario, the
size of the tournament fisheries relative to the non-tournament fisheries (on the same waterbody)
is often unknown. The lack of information about tournament fisheries also contributes to an
information gap about the size of the overall bass recreational fishery on a given waterbody.
Large waterbodies pose an interesting challenge for estimating population variables, due
to the difficulties imposed by increased surface area. Typically, fish are obtained for scientific or
management purposes through netting (Cole and Moring 1997; Baldwin et al. 2003) or
electrofishing (Carter et al. 2012; Cline et al. 2012). These fish are often marked and released for
use in mark-recapture studies to estimate various population variables (Peterson and Cedarholm
1984; Beamesderfer and Rieman 1991; Myers et al. 1997; Sammons 2015). This approach is
commonly used on small waterbodies, however, as the size of the waterbodies increases, so does
the financial cost and effort required to obtain sufficient sample sizes for the assessment
purposes. It is also difficult to monitor adult bass populations (J. Hoyle, OMNRF, pers. comm.),
so many important aspects of these populations, such as population size and survival are
unknown. Interestingly, catch-and-release tournaments have been suggested as a means to gather
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valuable information about fish populations (Wills and Hartmann 1986; Schramm et al. 1991b;
Wilde 1998; MacMillan et al. 2002), but there is clearly a need for more research in this area.
The first objective of this study was to investigate the use of catch-and-release
tournaments as mark-recapture tools for assessing Largemouth Bass populations on large
waterbodies and quantify the size of the of the tournament fishery. On the Tri Lakes (19992002), 19% of Largemouth Bass catch was attributed to tournament fishing and on the Bay of
Quinte, tournament angling was responsible for 33-50% of all Largemouth Bass caught.
Therefore, non-tournament anglers catch 4x more Largemouth Bass than tournament anglers on
the Tri Lakes and 1-2x as many Largemouth Bass on the Bay of Quinte. Results from this study
indicate that tournament fishing on the Bay of Quinte represents a larger portion of the overall
recreational fishery for Largemouth Bass than on the Tri Lakes; however, the Tri Lakes
Largemouth Bass population experiences more recreational fishing pressure overall (Table 2.3).
In the overall recreational fishery for Largemouth Bass, each Largemouth Bass (>305mm) in the
Tri Lakes is caught 1.5-2x annually, whereas only 49-83% of the Largemouth Bass in the Bay of
Quinte are caught annually. This difference may be partially attributed to temporal and/or
geographical variation in fishing pressure.
The second major objective of this study was to describe the natural movements of bass
in a large water body (Lake Ontario) and also examine the impacts of the long distance
displacement that often occurs in tournaments on this large waterbody.
Estimated survival of Largemouth Bass was similar in the mark recapture studies
(Chapter 2) and in the acoustic telemetry study (Chapter 3). These rates (63% and 58%,
respectively) are consistent with estimates of radio-tagged Largemouth Bass in Rideau Lake
(Ridgway 2002). However, detections (and therefore estimated survival) of Smallmouth Bass in
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the acoustic study appeared to be approximately 50% lower than that of Largemouth Bass. These
results suggest that the impacts of these events on Smallmouth Bass (and survival) may be
different than that for Largemouth Bass, which is consistent with Furimsky et al. (2003)
suggesting that Smallmouth may be less tolerant of tournament practices than Largemouth Bass.
Differences in survival rates between Largemouth and Smallmouth Bass could be
partially attributed to variation in thermal preferences between the two species. Due to habitat
and thermal preferences, Smallmouth Bass are usually caught in Lake Ontario by anglers at
cooler temperature (Tufts, unpublished data) but are then often displaced into warmer
temperatures in the Bay of Quinte. The relationship between temperature and initial or delayed
mortality has been documented in tournaments (Wilde 1998). It is possible that tournaments held
in the peak of summer may not be able to overcome the temperature induced mortality observed
in Smallmouth Bass (Ridgway 2002). This thermal stress may not be experienced by
Largemouth Bass, as they are a littoral species with a higher thermal preference than Smallmouth
Bass (Coutant 1975).
The results of this study show that most bass probably do not return to their home ranges
following current tournament practices on the Bay of Quinte, at least within the time frame
examined (1 yr). It is important to note, however, that the live release aspect of tournament
fishing appears to work well and some fish do travel long distances away from the release site.
For example, in this study, a few Largemouth Bass tagged with floy tags dispersed into the lower
reaches of the Bay of Quinte and into Lake Ontario (Figure AI.1). In addition, unpublished data
from Smallmouth Bass floy tagged and released in Belleville demonstrates a similar pattern
(Tufts, unpublished).
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Largemouth Bass dispersal from the Belleville release site was consistent for both the
mark-recapture study (Chapter 2) and the acoustic telemetry study (Chapter 3). There was not
sufficient data from Smallmouth Bass in the mark-recapture study for analysis; however, the
locations of recaptures of Smallmouth Bass in the mark-recapture study followed a pattern that
was consistent with movements documented in the acoustic study (Tufts, unpublished data).
Individuals from both species were largely concentrated around the release site and distributed
with decreasing frequency as distance from the release site increased. This pattern of dispersal is
consistent with other studies showing concentration around the release site and limited dispersal
(Ridgway and Shuter 1996; Ridgway 2002; Wilde 2003). The potential for stockpiling near the
release site is evident in the Bay of Quinte. Other studies suggest that this could lead to problems
such as exceeding carrying capacity (Richardson-Heft et al. 2000), overusing resources (Wilde
2003), and/or increasing susceptibility to angling at the release site (Bunt et al. 2012). Since
tournament anglers in the Bay of Quinte and eastern Lake Ontario are known to consistently fish
certain bays (Bruce Tufts, personal communication; unpublished creel surveys), repeated
displacement may lead a reduction in adult Black Bass at these capture sites. Failure to return to
capture sites could lead to changes in the community at the capture site in areas that are heavily
fished. Black Bass are top predators (Scott and Crossman 1973), and overharvest (in this case the
individual is alive but fails to return) may lead to effects at other trophic levels. In addition,
tournament anglers target the largest individuals of a population, which are likely also the most
productive broodstock. Susceptibility to angling has been shown to be a genetic trait and
recreational angling has the potential to modify fish populations, otherwise known as fisheries
induced evolution (Kuparinen and Merila 2007; Enberg et al. 2009; Philipp et al. 2009; Sutter et
al. 2012). Genetic changes in fish populations may affect survival, growth and reproductive
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success, in addition to potentially altering behaviour and influencing angling success (Philipp et
al. 2009). Only two of 36 displaced fish in this study returned to capture sites; one Largemouth
displaced approximately 14 km and one Smallmouth displaced approximately 100 km. It would
appear that return to capture sites from the long distance displacement experienced by Black
Bass in the Bay of Quinte/eastern Lake Ontario tournament fishery is uncommon within the time
frame examined (~1 yr).
The Smallmouth Bass that travelled 135 km back to its capture site made a variety of
attempts to leave the Bay of Quinte prior to exiting via the Murray Canal and travelling through
the open waters of eastern Lake Ontario. On one attempt, the individual travelled southeast
through the bay before returning 35 km back to the release site. In addition, only one other
individual (displaced Smallmouth Bass) of 48 Smallmouth and Largemouth Bass released within
the Bay of Quinte, was detected east of Big Bay. This may indicate a challenge in navigating Big
Bay, which is characterized by relatively shallow water, several rivers and numerous near shore
regions. Indeed, it is possible that the unique structure of the Bay of Quinte creates an
insurmountable navigational challenge for bass that are displaced long distances (e.g. from Lake
Ontario or even across Big Bay).
There are various hypotheses in the existing literature about the navigation strategies used
by bass. It has been suggested that Black Bass may navigate using salinity cues (Meador and
Kelso 1989), which, as described by Wilde (2003) may explain the rapid dispersal of
Largemouth Bass in studies by Seibold (1991), Fewlass and Grove (1991) and Richardson-Heft
et al (2000) in tidal waters. Largemouth Bass may also use visual cues to navigate (Parker and
Hasler 1959; Savitz et al. 1983), which may prevent return over long distance displacement
(Wilde 2003). An experiment by Loyacano et al. (1977) demonstrated strong evidence for sun90

orientation in juvenile Largemouth Bass, although the study investigated only movement inshore
and offshore. Dufour et al. (2015) manipulated sensory functions of nesting Largemouth Bass to
investigate the use of olfactory, geomagnetic and visual mechanisms of navigation, and found
that olfaction was the most important sensory mechanism when fish were displaced 200m.
Overall, there is a lack of consensus on the mechanisms of navigation in Black Bass, particularly
over long distances. However, the results of our study suggest that the adaptations available to
Smallmouth Bass and Largemouth Bass for navigation are not sufficient to find their way back to
their home range through the Bay of Quinte, or even across Big Bay.
Previous studies have suggested that the incentive underlying homing in Smallmouth
Bass may be nest site fidelity (Forney 1961; Langhurst and Schoenicke 1990; Ridgway et al.
1991), to the site of previous success or birth (Gross et al. 1994) or to foraging success in
established home ranges (Ridgway and Shuter 1996). Savitz and Fitz (1983) speculated that prey
availability was the most important determinant of Smallmouth Bass movement. Similarly,
Gerber and Haynes (1988) and Kaemingk et al. (2011) suggested that daily movements were
correlated with foraging opportunities or abiotic factors, rather than lake size. Although home
ranges were not examined in detail in this study, the movements of Smallmouth Bass at Main
Duck Island (Chapter 3) suggest that their home ranges are approximately similar in size to those
described for this species in previous studies (see summary in Ridgway et al. 2002). Smallmouth
Bass at the Main Ducks also seem to follow the expected transitions between seasonal home
ranges (Webster 1954). Home range size of Largemouth Bass in the Bay of Quinte was also not
specifically examined in this study; however, the natural movements of non-displaced
Largemouth Bass appeared to remain in the general vicinity of the release site and travelled to
deeper water to overwinter. Results of this study therefore suggest that Largemouth Bass in the
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Bay of Quinte and Smallmouth Bass in eastern Lake Ontario behave similarly to conspecifics in
smaller, inland lakes.
Conclusions
This study aimed to contribute to the existing body of research that studies the effect of
competitive angling on fish populations. The thesis focused on the use of catch-and-release
tournaments as assessment tools; and described the natural movements and effects of tournament
displacement on Black Bass in the Bay of Quinte and eastern Lake Ontario.
This study utilized mark-recapture techniques on over 7000 Largemouth Bass in the Tri
Lakes and the Bay of Quinte to monitor fish movement. The results obtained in this study
indicate that catch-and-release tournaments are an effective tool for mark-recapture as a means
of monitoring Largemouth Bass populations on large water bodies. Creel data indicated that
tournament fishing for bass accounts for approximately 50% of the recreational fishing for
Largemouth Bass on the Bay of Quinte, and is an important part of the Largemouth Bass fishery.
Results from the acoustic telemetry part of this study in the Bay of Quinte supported the
movement patterns that had originally been observed in the recaptures. The results indicate that
the live release aspect of these tournaments is successful; however, both species of Black Bass
are being significantly affected by the long distance displacement occurring during these events.
Over time, stockpiling of fish in specific areas used for releasing could have important
implications. Although there are two outliers in the study, with one Largemouth Bass and one
Smallmouth Bass returning long distances to capture sites, this success appears to be uncommon
and dispersal is generally limited to short distances from the release site.
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It is possible that the unique structure of the Bay of Quinte may create an insurmountable
problem for most of the fish displaced by tournaments in this area. Future research should
investigate the effects of displacement in eastern Lake Ontario and the St. Lawrence River to
determine whether they differ from the Bay of Quinte. Although there are several hypotheses
about navigation in bass, there remains much to be learned in this area. At this time, it is not
clear what limits their ability to return to their home range after displacement. Future studies
examining mechanisms of navigation in Black Bass at different displacement distances will
improve our understanding of homing in these fish and their abilities to overcome displacement.
A limitation our study is the inability to determine the fate of individuals outside the
detection range of receivers. Due to the large size of the Bay of Quinte and financial cost of
acoustic receivers, use of “receiver gates” was the most logical means of determining the impacts
of long distance displacement in this study as total coverage is not possible. In this experimental
design, several individuals went undetected for long periods of time, or were never detected postdeparture from the release array. In these cases, the use of a mobile hydrophone in addition to
passive gated receivers, would improve our understanding of dispersal behaviour and survival.
Although this technology was not available to collect data in the present study, this research is
now underway as a follow up project in the study area. In this regard, it is notable that the
positions of numerous bass have recently been determined using a mobile hydrophone and their
positions are entirely consistent with the results obtained from the gated receivers. Although
many studies have investigated the effects of displacement on Black Bass, most of these studies
are confined to small lakes and are conducted over varying lengths of time. This limits the
number of studies within the literature with which to compare results of this study and determine
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consistent trends in behaviour. Additional studies on large waterbodies such as the Great Lakes
are warranted.
Despite the limitations described above, the findings of this study reveal that there are
several important mitigation strategies that could be implemented to reduce the impacts of
tournaments on bass in eastern Lake Ontario. Tournament organizers should consider the use of
satellite weigh ins and/or other additional release locations throughout the Bay of Quinte and in
eastern Lake Ontario to mitigate the effects of stockpiling at current release sites. Satellite
weigh-in sites could be strategically placed at the junction between Lake Ontario and the Bay of
Quinte, for example, in order to decrease displacement distances for fish. This type of strategy
should improve the rate of return to capture sites for bass caught in the lake, and would also
reduce the effects of temperature-induced mortality in Smallmouth Bass. Floy tagged
Smallmouth Bass appear to return to capture sites through the open water of the eastern basin of
Lake Ontario (Tufts, unpublished), although further work is required in this area. If satellite
release locations are not well received, or not logistically possible, organizers should consider
the use of boundary restrictions to reduce the displacement distance and effects of temperature
changes. In this regard, it is notable that some events already create boundaries that limit anglers
to the waters of the bay of Quinte, but this strategy is not universal among events in this area.
These mitigation strategies, as well as further use of tournaments as assessment tools, may help
to improve public perception of tournaments, allow competitive anglers to actively participate in
the management of sport fisheries, and most importantly conserve these fisheries for future
generations of recreational anglers.
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Appendix I
Additional tables and figures from Chapter 2 – Tournaments as assessment tools
for Largemouth Bass in large lake systems.
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Table AI.1 Number of recaptured Largemouth Bass caught in tournaments on the Tri Lakes, including within and between season tag
loss. Where n is the number of individuals. Table courtesy of Michelle Roberge (Roberge 2004).

Year of
Capture

Number
of Tags
per
Individual

Year Tagged

1999

2000

% one
tag loss
0.00

% two
tag loss
0.00

n

2001

% one
% two
tag loss tag loss

2002

n

% one
tag loss

% two
tag loss

1999

1
2

n
0
11

1
2

11
11

50.00

25.00

2
8

20.00

4.00

2000

4
7

36.36

13.22

9
17

34.62

11.98

3
21

12.50

1.56

2001

1
2
1
2

5
2

71.43

51.02

4
2

66.67

44.44

8
13

38.10

14.51

2002
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n

% one
tag loss

% two
tag loss

3
15

16.67

2.78

Table AI.2 Number of recaptured Largemouth Bass caught in tournaments on the Bay of Quinte, including within and between season
tag loss, where n is the number of individuals.

Year of
Capture

Number
of Tags
per
Individual

Year Tagged

2012

2013

2014

% one
tag loss
0.00

% two
tag loss
0.00

n

% one
tag loss

% two
tag loss

n

% one
tag loss

2015
% two n % one
tag loss
tag loss

2012

1
2

n
0
4
4
5

44.44

19.75

6
32

15.79

2.49

2013

1
2
1
2

8
3

72.73

52.9

17
14

54.84

30.09

14
17

45.16

20.4

2014

5
1

83.33

69.44

12
1

92.31

85.21

10
5

66.67

44.45

2015

1
2
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0
9

0.00

% two
tag loss

0.00

Table AI.3 Summary of angling statistics for Largemouth Bass surveyed during the 2015 Bay of
Quinte Open-Water Angling Survey of the recreational fishery (Ontario Ministry of Natural
Resources, 2015). Targeted refers to anglers targeting Largemouth Bass, CUE: Catch per unit
effort, HUE: Harvest per unit effort.
Bay of Quinte Open-Water Angling Survey

Total catch (number of fish)

17 499

Catch by targeted anglers

16 373

Total harvest (number of fish)

4 255

Harvest by targeted anglers

4 106

Targeted effort (angler hours)

32 696

Total effort (angler hours)

204 632

Targeted CUE

0.501

Overall CUE

0.086

Targeted HUE

0.126

Overall HUE

0.021
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Table AI.4 Summary of angling statistics for Belleville point creel for catch-and-release
tournaments targeting Largemouth Bass in the Bay of Quinte, June-September 2015. Creel days
refer to tournament days sampled, all tournament days refers to all tournaments held on the Bay
of Quinte in the 2015 season. Estimates for all tournaments were calculated using data from creel
surveys. Harvest refers to fish weighed in at the tournament and subsequently released. Overall
tournament harvest is based on 5 fish weigh in limit per team. CUE: catch per unit effort, HUE:
harvest per unit effort.
Bay of Quinte Largemouth Tournament Creel Survey

Tournament days sampled

5

Overall tournament days

11

Mean teams per day

42.2

Mean catch by team per day

18.94

Total catch for tournament days sampled

3996

Mean catch for individual creel days

799

Overall catch for all tournament days

8792

Harvest for tournament days sampled

1040

Harvest for all tournament days

2321

Creel effort (angler hours)

3984

Overall tournament effort (hours)

7427

Creel CUE

1.00

Overall CUE

1.18

Creel HUE

0.26

Overall HUE

0.31
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Figure AI.1 Largemouth Bass returns from tournament and angler reports, indicated by red circles. The size of the circle corresponds
to the number of returns from the location, ranging from n=1 to n=51. Returns are concentrated around the Belleville tournament
release site.
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Figure AI.2 Bathymetry of the Bay of Quinte, accurate between Trenton and Glenora (Upper and Middle Bays). Light grey areas
represent area less than 6 metres (20 feet) deep, dark grey areas represent area greater than 6 metres deep.
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Appendix II

Additional tables and figures from Chapter 3 – The effect of long distance
displacement on Largemouth Bass (Micropterus salmoides) and Smallmouth Bass
(M. dolomieu) in the Bay of Quinte and eastern Lake Ontario.
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Table AII.1 Release dates, displacement locations, and body condition for Largemouth Bass
implanted with acoustic transmitters.
Date
(2015)
July 26
July 26
July 26
July 26
July 26
July 26
July 26
July 26
July 26
Aug 7
Aug 7
Aug 10
Aug 10
Aug 12
Aug 12
Aug 12
Aug 12
Aug 12
Aug 22
Aug 22
Aug 22
Aug 22
Aug 29
Aug 29
Aug 29
Aug 29
Aug 29
Aug 29
Aug 29
Aug 29

Group

Capture Site

Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Control
Displaced
Displaced
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced

Trenton
Trenton
Trenton
Trenton
Sherman’s Pt.
Sherman’s Pt.
Sherman’s Pt.
Sherman’s Pt.
Belleville
Napanee R.
Napanee R.
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Bateau Channel
Grass Creek
South Wolfe
Treasure Island
Grass Creek
Grass Creek
Grass Creek
Grass Creek

Release
Site
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
Belleville
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Approx.
Fork Length
Distance (km)
(mm)
14
14
14
14
35
35
35
35
0
33
33
0
0
0
0
0
0
0
0
0
0
0
110
110
100
100
110
110
110
110

NA
NA
NA
NA
NA
NA
NA
NA
NA
382
436
420
441
400
400
400
410
415
380
442
412
466
445
409
390
468
371
378
431
390

Weight
(g)
NA
1440
1490
1655
1725
NA
NA
1440
1385
1075
1395
1100
1665
995
1240
1345
1050
1265
1060
1860
1355
1925
1845
1095
1105
1885
1005
1045
1760
1130

Table AII.2 Release dates, displacement locations, and body condition for Smallmouth Bass
implanted with acoustic transmitters.
Date
(2015)
Aug 22
Aug 22
Aug 22
Aug 22
Aug 23
Aug 23
Aug 23
Aug 23
Aug 23
Aug 23
Aug 23
Aug 23
Aug 23
Aug 29
Aug 29
Aug 29
Aug 29
Aug 29
Sept 03
Sept 03
Sept 03
Sept 03
Sept 03
Sept 03
Sept 03
Sept 03
Sept 03
Sept 03
Sept 03
Sept 03

Group
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control

Approx.
Release Site Distance
(km)
Main Duck
Belleville
100
Main Duck
Belleville
100
Main Duck
Belleville
100
Main Duck
Belleville
100
Main Duck
Belleville
100
Main Duck
Belleville
100
Main Duck
Belleville
100
Main Duck
Belleville
100
Main Duck
Belleville
100
Main Duck
Belleville
100
Main Duck
Belleville
100
Main Duck
Belleville
100
Waupoos
Belleville
70
South Wolfe
Belleville
100
North Simcoe Belleville
90
South Wolfe
Belleville
100
North Wolfe
Belleville
100
North Simcoe Belleville
90
Main Duck
Main Duck
0
Main Duck
Main Duck
0
Main Duck
Main Duck
0
Main Duck
Main Duck
0
Main Duck
Main Duck
0
Main Duck
Main Duck
0
Main Duck
Main Duck
0
Main Duck
Main Duck
0
Main Duck
Main Duck
0
Main Duck
Main Duck
0
Main Duck
Main Duck
0
Main Duck
Main Duck
0
Capture Site
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Fork
Length
(mm)
410
413
475
438
462
452
428
435
463
483
432
446
440
445
483
462
440
480
415
410
440
465
455
385
440
425
405
455
430
425

Weight (g)
1370
1385
2200
1775
1895
1925
1775
1840
2240
2250
1955
2040
1630
1760
2555
2090
1700
2520
1385
1397
171
2265
1935
1110
1885
1590
1415
2095
1695
1515

Table AII.3 Duration of detection days for Largemouth Bass and Smallmouth Bass, and the
assigned fate of each individual.
Tag
ID
57415
36834
36838

Species

Group

Released

First
Detection

Last
Detection

Days

Fate

LMB
LMB
LMB

Control
Control
Control

July 26/15
Aug 10/15
Aug 10/15

July 26/15
Aug 10/15
Aug 10/15

June 2/16
Sep 28/15
Apr 26/16

313
50
261

36842

LMB

Control

Aug 12/15

Aug 12/15

May 31/16

294

36846
36845
36841
36844
36843
36833
36837

LMB
LMB
LMB
LMB
LMB
LMB
LMB

Control
Control
Control
Control
Control
Control
Control

Aug 12/15
Aug 12/15
Aug 12/15
Aug 12/15
Aug 22/15
Aug 22/15
Aug 22/15

Aug 12/15
Aug 12/15
Aug 12/15
Aug 12/15
Aug 22/15
Aug 22/15
Aug 22/15

Sep 6/15
Aug 14
June 1/16
Sept 5/15
Sept 6/15
June 1/16
Apr 29/16

26
3
295
25
16
285
252

36829

LMB

Control

Aug 22/15

Aug 22/15

Apr 29/16

252

36819

LMB

Displaced

July 26/15

July 26/15

May 7/16

287

36820

LMB

Displaced

July 26/15

July 26/15

Apr 18/16

268

36821

LMB

Displaced

July 26/15

July 26/15

May 5/16

285

36822
57417
57418
57419
57414

LMB
LMB
LMB
LMB
LMB

Displaced
Displaced
Displaced
Displaced
Displaced

July 26/15
July 26/15
July 26/15
July 26/15
July 26/15

July 26/15
July 26/15
July 27/15
July 27/15
July 26/15

Aug 2/15
Sep 18/15
Jul 28/15
Aug 8/15
May 20/16

8
55
2
13
300

36826
36830
36836
36831

LMB
LMB
LMB
LMB

Displaced
Displaced
Displaced
Displaced

Aug 7/15
Aug 7/15
Aug 29/15
Aug 29/15

Aug 7/15
Aug 7/15
Aug 29/15
Aug 29/15

June 1/16
June 2/16
Aug 29/15
Apr 14/16

300
301
1
230

36828
36839

LMB
LMB

Displaced
Displaced

Aug 29/15
Aug 29/15

Aug 29/15
Aug 29/15

June 2/16
May 23/16

279
269

36825
36840
36835
36832

LMB
LMB
LMB
LMB

Displaced
Displaced
Displaced
Displaced

Aug 29/15
Aug 29/15
Aug 29/15
Aug 29/15

Aug 29/15
Aug 29/15
Aug 29/15
Aug 29/15

Sep 3/15
June 1/16
Oct 19/15
Sep 1/15

6
278
52
4

Alive
Unknown
Suspected
Alive
Suspected
Alive
Unknown
Unknown
Alive
Harvested
Unknown
Alive
Suspected
Alive
Suspected
Alive
Suspected
Alive
Suspected
Alive
Suspected
Alive
Unknown
Unknown
Unknown
Unknown
Suspected
Alive
Alive
Alive
Unknown
Suspected
Alive
Alive
Suspected
Alive
Unknown
Alive
Unknown
Unknown
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57416
57413
57412
57410

SMB
SMB
SMB
SMB

Displaced
Displaced
Displaced
Displaced

Aug 22/15
Aug 22/15
Aug 22/15
Aug 22/15

Aug 22/15
Aug 22/15
Aug 22/15
Aug 22/15

June 2/16
June 1/16
June 1/16
Apr 18/16

286
285
285
241

57409
57411
57408
57405
57402
57397
57406
57403
57396

SMB
SMB
SMB
SMB
SMB
SMB
SMB
SMB
SMB

Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced
Displaced

Aug 23/15
Aug 23/15
Aug 23/15
Aug 23/15
Aug 23/15
Aug 23/15
Aug 23/15
Aug 23/15
Aug 23/15

Aug 23/15
Aug 23/15
Aug 23/15
Aug 23/15
Aug 23/15
Aug 23/15
Aug 23/15
Aug 23/15
Aug 23/15

Sep 4/15
Sep 23/15
Sep 8/15
June 2/16
Sep 18/15
Oct 31/15
Sep 29/15
June 2/16
May 18/16

13
32
17
285
27
70
38
285
270

57393
57391
57400
57399
57394
57390

SMB
SMB
SMB
SMB
SMB
SMB

Displaced
Displaced
Displaced
Displaced
Displaced
Control

Aug 23/15
Aug 29/15
Aug 29/15
Aug 29/15
Aug 29/15
Sep 3/15

Aug 23/15
Aug 29/15
Aug 29/15
Aug 29/15
Aug 29/15
Sept 3/15

June 2/16
Nov 18/15
Sep 2/15
May 26/15
Sep 6/15
May 5/16

285
82
5
272
9
246

57404
57401
57407
57398
57395

SMB
SMB
SMB
SMB
SMB

Control
Control
Control
Control
Control

Sep 3/15
Sep 3/15
Sep 3/15
Sep 3/15
Sep 3/15

Sept 3/15
Sept 3/15
Sept 3/15
Sept 3/15
Sept 3/15

June 23/16
June 23/16
June 23/16
June 23/16
June 2/16

295
295
295
295
274

36823
36824
36827
36848
36847
57392

SMB
SMB
SMB
SMB
SMB
SMB

Control
Control
Control
Control
Control
Control

Sep 3/15
Sep 3/15
Sep 3/15
Sep 3/15
Sep 3/15
Sep 3/15

Sept 3/15
Sept 3/15
Sept 3/15
Sept 3/15
Sept 3/15
Sept 3/15

June 23/16
June 23/16
June 23/16
June 23/16
June 23/16
June 23/16

295
295
295
295
295
295
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Alive
Alive
Alive
Suspected
Alive
Unknown
Unknown
Unknown
Unknown*
Unknown
Unknown
Unknown
Unknown*
Suspected
Alive
Alive
Home**
Unknown
Alive
Unknown
Suspected
Alive
Alive
Alive
Alive
Alive
Suspected
Alive
Alive
Alive
Alive
Alive
Alive
Alive

Figure AII.1 (A) Detection history for Largemouth ID 36819, displaced from Trenton and returned to capture site October 20, 2015.
Dates indicate detections and do not represent time during which the individual spent undetected. (B) Detections history for
Smallmouth Bass ID 57391, displaced from south of Wolfe Island and returned to capture site November 18, 2015. Dates indicate
when the individual was detected and do not represent time during which the individual spend undetected.
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Figure AII.2 Total detections for each station at which fish were detected throughout the study period (A) Largemouth Bass controls
(B) Largemouth Bass displaced (C) Smallmouth Bass displaced (including four stationary individuals (D) Smallmouth Bass controls.
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Appendix III

Description of calculation for parameters in Table 2.3 in Chapter 2.

Population estimate – Calculated as described in methods of Chapter 2
Tournament catch in overall bass recreational fishery (%): Sum of catch by tournament anglers
divided by the total catch in the recreational fishery (tournament + non-tournament anglers), and
multiplied by 100. Tournament angler catch was quantified in 2001 for the Tri Lakes (Roberge
2004) and in 2015 for the Bay of Quinte (this study). Non-tournament catch was quantified by
the Kawartha Lakes Fisheries Commission, 2001 (Roberge 2004), and the Lake Ontario
Management Unit (OMNRF) in 2015.
% of population caught annually by tournament anglers: tournament catch from 2001 creel
survey in Tri Lakes (Roberge 2004), and 2015 Bay of Quinte (this study) divided by the
population estimates for each year of study, and multiplied by 100.
% of population caught annually by non-tournament anglers: non-tournament catch from 2001
Kawartha Lakes creel survey and 2015 OMNRF survey divided by the population estimates for
each year of study, and multiplied by 100.
% of population transported by tournament anglers: tournament transport from 2001 creel survey
in Tri Lakes (Roberge 2004), and 2015 Bay of Quinte (this study) divided by the population
estimates for each year of study, and multiplied by 100.
% of population harvested by non-tournament anglers: non-tournament harvest from 2001
Kawartha Lakes creel survey and 2015 OMNRF survey divided by the population estimates for
each year of study, and multiplied by 100.
% of population caught in total: sum of tournament and non-tournament catch (separately for
2001 and 2015) divided by the population estimates for each year of study, and multiplied by
100.
% of population transported/harvested in total: sum of tournament and non-tournament
transport/harvest (separately for 2001 and 2015) divided by the population estimates for each
year of study, and multiplied by 100.
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Appendix IV
Supplementary tables and figures
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Table AIV.1. Summary of sampling dates on the Tri Lakes over the course of 1999-2000. LMB:
Largemouth Bass, SMB: Smallmouth Bass (Roberge, 2004).

Sampling Date

Number
of Days

July 17, 1999
July 24, 1999
August 7, 1999
August 21, 1999
September 11, 1999
July 22, 2000
August 5, 2000
August 19, 2000
August 23, 2000
September 16, 2000
July 14, 2001
August 4, 2001
August 19, 2001
August 25, 2001
September 2001
July 13, 2002
July 21, 2002
July 27, 2002
August 24, 2002
September 14, 2002
Total

2
2
2
2
2
2
2
2
1
2
2
2
1
1
2
2
1
1
1
1
33

Number of
LMB newly
marked
254
286
128
348
302
286
159
239
47
273
369
360
171
76
194
336
77
134
127
260
4426

Number of
recaptured
LMB
0
4
1
3
3
5
4
8
2
13
18
15
12
8
11
13
4
6
5
14
149

119

Number of
SMB newly
marked
9
29
20
39
56
13
20
32
5
78
34
59
16
23
44
34
8
15
21
53
610

Number of
recaptured
SMB
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1
0
0
0
0
2

Table AIV.2 Summary of sampling dates on the Bay of Quinte over the course of 2012-2015.
LMB: Largemouth Bass, SMB: Smallmouth Bass.
Sampling Date

Number
of Days

June 23, 2012
August 6, 2012
August 12, 2012
September 1, 2012
September 29, 2012
June 15, 2013
July 6, 2013
August 17, 2013
August 24, 2013
August 31, 2013
September 14, 2013
September 28, 2013
June 21, 2014
June 28, 2014
July 5, 2014
July 27, 2014
August 23, 2014
September 13, 2014
September 27, 2014
June 20, 2015
July 4, 2015
July 26, 2015
August 22, 2015
September 12, 2015
Total

1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
1
2
2
2
2
2
1
1
2
40

Number of
LMB newly
marked
50
105
98
71
248
252
248
197
0
0
174
209
279
0
351
148
208
220
0
0
330
53
50
0
3291

Number of
recaptured
LMB
0
0
0
0
3
5
0
2
15
9
7
14
15
11
12
4
10
6
15
16
10
4
3
11
172

120

Number of
SMB newly
marked
0
48
12
46
60
0
0
53
0
0
0
48
0
0
0
39
474
0
242
0
0
46
54
0
1122

Number of
recaptured
SMB
0
0
0
0
0
0
0
1
2
0
0
0
0
0
0
0
0
0
5
0
0
0
0
0
8

Table AIV.3 Capture histories for Largemouth Bass in the Tri Lakes (1999-2002) and the Bay of
Quinte (2012-2015). Negative number of individuals indicates losses on capture.
Tri Lakes

Bay of Quinte

Capture History

Number of Individuals

Capture History

Number of Individuals

1000

1335

1000

547

1100

21

1100

9

1010

11

1010

10

1001

7

1001

5

0100

966

1011

1

0110

31

0100

1037

0101

5

0110

30

0111

2

0101

12

0010

953

0111

1

0011

20

0100

-3

0001

940

0110

-2

0010

1191

0011

15

0010

-9

0011

-8
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Table AIV.4 Cormack-Jolly Seber models run in program MARK to estimate survival of
Largemouth Bass on the Tri Lakes (1999-2000) and Bay of Quinte (2012-2015). Φ: survival
parameter, p: recapture parameter, (.): parameter held constant, (t): parameter time varying.
Tri Lakes

Bay of Quinte

Model

AICc

Model
Likelihood

Φ.pt

1011.95

1.00

8.30

Φ.pt

938.75

1.00

53.19

Φt p.

1013.26

0.52

9.61

Φ.p.

940.63

0.39

59.07

Φ.p.

1013.91

0.38

14.27

Φtpt

940.68

0.38

53.10

Φtpt

1013.94

0.37

8.28

Φtp.

940.73

0.37

55.17

Deviance

Model

122

AICc

Model
Likelihood

Deviance

Figure AIV.1 Capture zones as depicted on the website fisheriesqu.ca for anglers to report recapture locations for tagged fish.
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Figure AIV.2 Fork lengths (mm) of Largemouth Bass sampled each year (1999-2002) with samples sizes in the Tri Lakes.
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Figure AIV.3 Fork lengths (mm) of Largemouth Bass sampled in the Bay of Quinte (2012-2015), including sample sizes. An
additional 522 Largemouth Bass were tagged in 2012 but not measured, and an additional 162 Largemouth Bass were tagged in 2015
and not measured.
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