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ABSTRACT 

Walleye (Sander vitreus) and sauger (S. canadensis) are closely related freshwater 

species that are ecologically and economically important throughout North America. 

These two species are sympatric in many areas, and are often regulated as a single entity. 

However, the important similarities and differences that exist between these species in 

the context of various management issues remain uncertain. 

The first chapter of my thesis addresses the effects of catch-and-release fishing 

that is part of angling tournaments on walleye and sauger. Catch-and-release tournaments 

are popular in Saskatchewan and other areas, but frequently prompt management 

concerns regarding fish health and mortality. Potential sub-lethal effects on movement 

and habitat use are particularly poorly studied. I tracked both walleye and sauger after 

catch-and-release using telemetry following four 2015 tournaments. My objectives were 

to: (1) describe post-release movements; and (2) evaluate factors that may affect post-

release behaviour. The initial movements I observed were highly variable; for example, 

some fish moved less than 1 km, whereas others moved long distances, the maximum 

recorded being 31 km. All large movements I observed were made by walleye, while the 

farthest a sauger moved was 2 km. Fish exited the release area (500 m) faster (2.6±1.1 

days versus 3.9±1.6 – 4.4±1.7 days) and moved farther in the first 48 hours 

(3,712.8±4,427.9 m versus 608.1±392.1 – 1065.3±687.8 m) at one tournament compared 

to the other three. Stress scores were significantly lower at this tournament (3.50±0.73 

versus 4.60±1.17 – 4.75±1.48), and an important negative predictor of fish movement. 

However, there were few common predictors of movement among tournaments. I 

confirmed delayed mortality of tagged fish at only one tournament, which was high 
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(45%) and mostly due to avian predation. I conclude that walleye and sauger behaviour 

after tournaments varies widely, likely due to varying tournament and environmental 

conditions. The understanding of factors that modify fish behaviour remains limited and 

warrants further study. 

The second chapter of my thesis assesses the ecological relationship between 

walleye and sauger when they co-exist. Limited information is available regarding 

potential niche partitioning across different time scales by these sympatric congeners, 

though I expected niche overlap to be high during early ages and lower later in life. I used 

multi-tissue (liver, muscle, and bone layers) isotopic niche analysis to quantify overlap by 

these species in two large reservoirs in Saskatchewan. Population niche size was larger 

for sauger (1.73 – 3.60 ‰2) than walleye (0.51 – 2.61 ‰2) in Lake Diefenbaker, but this 

trend was reversed in Tobin Lake (sauger = 0.54 – 2.57 ‰2; walleye = 1.30 – 2.94 ‰2). 

Inter-species niche overlap at the population level also varied by site (Diefenbaker = 3-

19%, Tobin = 9-31%), and niche partitioning was evident in both systems at all time 

scales. The niche size of individual fish and levels of intra- and inter-specific overlap 

were highly variable by site. Walleye and sauger appear to use different resources but the 

factors influencing variation in niche size and overlap are currently unclear. 

My findings indicate there is considerable variation in the response of walleye and 

sauger to catch-and-release angling, as well as in their resource use and niche overlap. 

The important differences I describe between these species suggest that a re-evaluation of 

regulating them as one entity may be warranted. 
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1. CHAPTER 1: GENERAL INTRODUCTION 

 

1.1. Life history and ecology of walleye and sauger 

Walleye (Sander vitreus) and sauger (S. canadensis) are related fish species from 

within the percid family that are endemic to North America (Billington and Sloss 2011). 

These species have been identified as closest relatives with a divergence time estimated 

at 3.12 ± 1.33 million years before present (Billington et al. 1990). This relatively recent 

divergence leads to the possibility of hybridization; male sauger and female walleye have 

been known to naturally hybridize and produce “saugeye” (Billington and Sloss 2011). 

Rates of natural hybridization can be high in some areas (10-22%; Flammang and Willis 

1993; Leary and Allendorf 1997; Billington et al. 2006) and low in others (>5%; 

Bingham et al. 2012). Additionally, walleye and sauger populations can have high 

potential for competition in areas where they overlap (Bellgraph et al. 2008). Competition 

potential between the two species largely stems from significant similarities in their life 

history and ecology (Haxton 2015). 

In general, both species can be characterized as having an elongate body, two 

large dorsal fins (the first spiny), and large teeth (Scott and Crossman 1973). They do 

exhibit several unique species-specific characteristics (described in Fig. 1.1), and there 

are also differences in their growth patterns and maximum size. Walleye, as a popular 

sport fish and sought-after trophy species, can be as large as 790 mm (11 kg), while 

sauger tend to be much smaller and reach a maximum size of 490 mm (3.8 kg; Mittelbach 

and Persson 1998). 
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Figure 1.1. Photographs of (a) sauger and (b) walleye from Saskatchewan (photo credit: 

C. Somers). Color in both species varies with habitat and can range from sandy to dull 

brown in sauger and olive-brown to golden-brown in walleye. In addition, walleye often 

exhibit golden flecks on their scales. There are several major physical appearance 

differences between the two species. The first dorsal fin of sauger has alternating distinct 

black and yellow spots on the membrane between the spines while the walleye first dorsal 

fin is dusky, clear, or vaguely speckled but without the distinct rows of spots. The body 

of sauger also exhibits three or four dark brown saddles and the lower lobe of the caudal 

fin sometimes has a faint white tip. Walleye have no saddling on the body but do have 

barring on the back, as well as distinct white coloring on the lower lobe of the caudal fin. 

Differentiation of the sexes based on physical characteristics is difficult in both species. 
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Walleye and sauger are top-level predators native to the freshwater systems of the 

central United States and Canada (Scott and Crossman 1973). Their native distributions 

in North America are similar, though walleye inhabit a higher percentage of available 

freshwater habitats compared to sauger (walleye = 32%, sauger = 10%; Bozek et al. 

2011a). Both species range from Quebec and Vermont in the east, Alberta and Montana 

in the west, and Louisiana in the south. Their only difference in range is that sauger are 

only found as far north as the middle of Saskatchewan and Manitoba, while walleye 

extend farther north into parts of the Northwest Territories and Yukon (Billington et al. 

2011). Both species have been introduced into freshwater systems within and outside of 

their native ranges (Fuller 2010a; Fuller 2010b). Walleye are tolerant of a wide range of 

environmental conditions and recruit successfully in an array of aquatic systems. They 

are abundant in both large, turbid lakes, which represent the most common habitat in 

which they occur, and large rivers (Scott and Crossman 1973; Bozek et al. 2011a). 

Sauger tolerance to environmental conditions is less flexible. They are generally 

considered to be a riverine species but can also occur in large lakes, and they are 

associated with high turbidity from suspended clay particles and deep waters (Scott and 

Crossman 1973; Bozek et al. 2011a). As the two species both prefer to inhabit large, 

turbid rivers and lakes, they are often sympatric (Bellgraph et al. 2008; Haxton 2015). 

They also exhibit syntopy in areas, using the same habitats at the same time, thus 

facilitating hybridization. 

Both species undertake similar large migrations to overwintering and spawning 

grounds (Bellgraph 2008). Spawning by both species is determined by temperature (6-

11°C for both; Mittelbach and Persson 1998), and takes place for several weeks in the 
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spring or early summer, depending on location. Northern populations of walleye do not 

spawn in years when temperatures are too low. Walleye and sauger are external 

fertilizing broadcast spawners, and while walleye tend to spawn earlier than sauger, 

spawning periods overlap in many systems (Nelson and Walburg 1977). Walleye 

spawning begins shortly after the ice breaks in spring, with sauger spawning immediately 

after, usually at the end of May or beginning of June (Scott and Crossman 1973; Nelson 

and Walburg 1977). Both species prefer gravel or rubble substrate in the shallows of 

lakes and rivers to spawn, and may use the same gravel shoals (Scott and Crossman 1973; 

Barton and Barry 2011). Males arrive at spawning grounds first and stay after females 

have departed. Spawning generally occurs at night in water 6-36 m deep, where several 

males attend a single female (Rawson 1957). Females drop their eggs (total can range 

from 9,000 to 96,000 for sauger and be as high as 600,000 for walleye), where they fall 

between boulders or gravel and are fertilized by males; fertilized eggs harden in the water 

and become non-adhesive and semi-buoyant (Scott and Crossman 1973). They hatch in 

12-18 days for walleye and 25-29 days for sauger; differences in this timing are not well 

understood but likely depend on water temperature (Koenst and Smith 1976; Barton and 

Barry 2011). 

Sauger and walleye are visual predators that have evolved to exploit turbid, low-

light conditions, taking advantage of the light-gathering effect of tapetum lucida layers in 

their eyes (Kelso 1978). This eye layer effectively magnifies the amount of naturally 

occurring light and is therefore extremely sensitive to bright daylight (Ali and Anctil 

1977). As such, feeding patterns reflect the environment, where fish in clearer waters and 

small systems will feed exclusively at night, while those in more turbid waters and large, 
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deeper systems that provide shelter during daylight will feed intermittently throughout 

the day (Scott and Crossman 1973). Both species swim in schools while they feed, often 

overlapping. They exhibit ontogenetic dietary shifts as they grow from the fry and 

juvenile life stages to adulthood. Their diet depends on location and availability, but 

generally begins with a reliance on zooplankton and insect larvae. A rapid shift to 

piscivory within the first year of life alters the diet to comprise a wide variety of small 

fishes, including cisco (Coregonus spp.), emerald shiners (Notropis atherinoides), perch 

(Perca spp.), burbot (Lota lota), flathead chub (Platygobio gracilis), gizzard shad 

(Dorosoma cepedianum), rainbow smelt (Osmerus mordax), sticklebacks (Gasterosteidae 

spp.), and even small walleye and sauger, as well as various invertebrates (leeches, 

crayfish, and insects; Rawson 1957; Mittelback and Persson 1998; Paradis et al. 2006; 

Chipps and Graeb 2011). 

 

1.2. Walleye and sauger in Saskatchewan 

The province of Saskatchewan in central Canada supports an abundance of 

aquatic systems – an estimated 50,000 lakes and rivers contain 67 species of fish, 58 of 

which are native (Somers and Morris 2015). These systems are economically important 

as they support significant recreational and commercial fisheries (Ashcroft et al. 2006). 

The popularity of recreational fishing in Saskatchewan has grown considerably since 

1950 and as recently as 2010, anglers invested almost $500 million in the province (Sport 

Fishing 2010). Saskatchewan has a population of 1.13 million people (Bureau of 

Statistics 2015) and approximately 180,000 residents of all ages (16%) participate in 

sport fishing (Sport Fishing 2010). Many lakes and rivers in Saskatchewan, including 
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several recently constructed reservoirs in the southern portion, also have high commercial 

fishery potential. The commercial gill net fishery has been a productive operation for 

over 120 years. Today, most commercial fishing occurs on more northern lakes in the 

province and generates between $5-7 million annually (Ashcroft et al. 2006). Though a 

wide variety of species are targeted, five species are most important in terms of fishing 

effort and harvest: Northern pike (Esox lucius), yellow perch (Perca flavescens), lake 

trout (Salvelinus namaycush), lake whitefish (Coregonus clupeaformis), and walleye 

(Ashcroft et al. 2006). 

Both walleye and sauger are valued in certain recreational, commercial, and 

subsistence fisheries in Canada. For example, both species are historically important for 

the Lake Winnipeg fishery in Manitoba (Johnston et al. 2012). However, in 

Saskatchewan, walleye are highly valuable but sauger are significantly less so. Walleye 

have increased in popularity among anglers since the 1980’s and are currently the most 

popular sport fish, comprising 41% of the Saskatchewan recreational harvest in 2010, 

compared to 30% for pike (the next most popular; Sport Fishing 2010). Commercially, 

walleye are the most valuable freshwater fish both in Saskatchewan and Canada 

(Fisheries and Oceans Canada 2014). Of the 3 million dollars earned by the 

Saskatchewan commercial fishery in 2014, walleye brought in almost half (Fisheries and 

Oceans Canada 2014). Additionally, walleye represent an important part of the diet, 

culture, and traditions of indigenous people in Saskatchewan (Ashcroft et al. 2006). 

Recreational, commercial, and Aboriginal harvest of sauger in Saskatchewan is minimal, 

and anglers generally catch sauger when targeting walleye (Ashcroft et al. 2006). 

Furthermore, walleye, sauger, and hybrids (saugeye) are regulated as the same entity for 
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the purposes of recreational angling, where the catch limit is based on any combination of 

the three (Saskatchewan Anglers’ Guide 2015). While the economic importance of sauger 

is significantly less than that of walleye in Saskatchewan, this species is ecologically 

important, as their presence in aquatic systems adds to larger biodiversity and supports 

the health of all components of the system (Dunne et al. 2002; Worm et al. 2006). 

Managers tasked with maintaining populations of walleye and sauger in 

Saskatchewan face many challenges.  Overfishing is a significant concern for managers 

wherever economically valuable populations occur. Walleye are in high demand in 

Saskatchewan, both by anglers and commercial net fisheries, and therefore the possibility 

of over-exploitation is high (Ashcroft et al. 2006). In addition to the threat of over-

harvesting, walleye and sauger populations can also be negatively impacted by factors 

like changing prey communities (Roseman et al. 2014) and loss of spawning grounds 

(Thompson 2009; Wallace et al. 2010), both of which are possible as habitat alterations 

continue to occur across the province. To compound the issue, the more environmentally 

constrained sauger are also declining in many parts of their range due to development 

projects, habitat loss, and fragmentation (Bingham et al. 2012). 

In areas where walleye and sauger populations overlap, there is a potential for 

interspecific competition caused by resource limitation, a situation where walleye are 

phenotypically favored because of their larger size (Bellgraph et al. 2008). Competition is 

also prevalent when non-native walleye invade areas where native sauger are present 

(Bellgraph et al. 2008; Graeb et al. 2010), as well as situations where native populations 

of both species are brought together artificially through human disturbance, such as dam 

and reservoir construction (Wallace et al. 2010; Bozek et al. 2011a). For example, the 
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construction of two dams produced Lake Diefenbaker, an important reservoir in southern 

Saskatchewan. This development brought together historically separate riverine 

populations of walleye and sauger. While recent reports have indicated these populations 

are healthy and stable, there is potential for competition (Wallace et al. 2004; Wallace et 

al. 2010).   

Management efforts also need to focus on the potential impacts of hybridization 

on native walleye and sauger. While this phenomenon occurs naturally in many areas, 

hybridization rates as high as 22% were reported after the creation of Lake Diefenbaker, 

and the phenomenon has been observed to occur in other reservoirs in Saskatchewan as 

well (Wallace et al. 2010). The presence of hybrid saugeye in these systems has the 

potential to compromise the genetic integrity of both parent species by decreasing genetic 

diversity, as has been illustrated in other systems (Fiss et al. 1997; Graeb et al. 2010; 

Quist et al. 2010). Saskatchewan has also developed an extensive walleye stocking 

program, where eggs are collected during spawning from multiple lakes in the southern 

part of the province and the resulting fry are used to stock many lakes and maintain 

walleye populations (Wallace et al. 2010). Up to 100 million eggs are taken every year 

from fish from Lake Diefenbaker alone (Wallace et al. 2004). While these stocking 

activities are used as a method of walleye management, stocking has been shown to 

affect genetic structure and disrupt local adaptation of native fish (Waterhouse et al. 

2014). In the event walleye populations collapse in the province, using hatchery fish may 

not be useful in aiding recovery (Garner et al. 2013). Overall, walleye and sauger are both 

ecologically important species in Saskatchewan as top-level predators, as well as 

economically important. The many possible management concerns for their maintenance 
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in the province provides incentive to better understand the ecology of both species, 

especially in a province where research on them has been minimal. 

 

1.3. Research interest #1: Catch-and-release tournament angling 

 Recent global estimates predict that 60% (estimated 30 billion fish released of 47 

billion total caught) of fish caught worldwide are released back into their environments 

(Arlinghaus et al. 2007). Catch-and-release as a management technique presumes fish 

survive unharmed. In Saskatchewan, the number of fish released back into water bodies 

has more than doubled since 1980, increasing from 30% to 70% released in just 20 years 

(Ashcroft et al. 2006). However, the success of catch-and-release angling in terms of fish 

survival can be highly variable. The process physiologically impacts fish in the form of 

injuries, air exposure, and exhaustion (Cooke et al. 2002; Richard et al. 2014; Havn et al. 

2015). While many fish survive largely unharmed, many others are significantly 

impacted or die (Cooke et al. 2002; Cooke and Philipp 2004). 

The most extreme forms of catch-and-release occur at angling tournaments. At 

these competitive events, anglers attempt to catch as many large fish as possible (within 

the defined limit). Retained fish are kept in a livewell and smaller fish are released and 

replaced by larger ones as necessary throughout the 8 to 10 hours of each tournament 

day. The final fish are transported to land, where they are weighed and released back into 

the water; dead fish brought to the weigh-in are assessed a penalty. In Saskatchewan, the 

popularity of catch-and-release tournaments has increased since their implementation in 

the 1970’s. In 2003, approximately 11,000 anglers participated in 133 licensed events, 10 

of which were large professional tournaments that targeted walleye (Ashcroft et al. 2006). 
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Tournaments involve extra elements that exacerbate the standard effects of catch-and-

release previously listed. Factors such as extended livewell confinement under poor 

conditions (e.g., high water temperature, crowded tank), increased air exposure as a result 

of weigh-in procedures, and high lake temperatures also impact fish (Gingerich et al. 

2007; Sullivan et al. 2015). Research on walleye caught at angling tournaments has 

shown that these fish experience significant physiological disturbance, correlated with the 

stressors of angling and the weigh-in procedure (Killen et al. 2003; Killen et al. 2006). 

However, how walleye move and behave once they are released has not been 

investigated. Furthermore, the relationship between post-release movement and fish 

treatment at tournaments is poorly understood. Therefore, my goal was to assess how this 

extreme version of catch-and-release affects the post-release movements of walleye and 

sauger. 

 

1.4. Research interest #2: Niche ecology of sympatric species 

 Walleye and sauger are thought to use similar resources and habitats, though not 

always in the same location. In areas where populations of the two species exist 

sympatrically, there is potential for resource use overlap (Bellgraph et al. 2008). This also 

introduces the possibility of competition between the species, which is dependent on a 

variety of factors, including resource and space availability (MacLean and Magnuson 

1977; Crowder 1990). Therefore, understanding resource use by populations of walleye 

and sauger is useful for understanding their competition potential, as well as their 

relationship in general. A common and useful technique for quantifying resource use and 

niche overlap is stable isotope analysis (SIA), which provides a long-term perspective on 
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diet. Using SIA to describe the niche of walleye and sauger populations, particularly in 

river systems, has recently been acknowledged as an important research need for these 

species (Baccante et al. 2011). Furthermore, rudimentary isotopic analysis has shown that 

diet overlap of walleye and sauger varies with environmental conditions, but is higher in 

riverine food webs than in large lakes (Fincel et al. 2015). However, there has not been 

any work done on the isotopic niche relationships of these species. As such, my second 

research objective was to use SIA to evaluate isotopic niche size and potential overlap of 

sympatric walleye and sauger in several Saskatchewan reservoir systems. 

 

1.5. Research objectives 

Given that walleye and sauger are currently managed as a single entity in 

Saskatchewan, part of my aim in the current work was to examine similarities and 

differences between the species in different contexts that could be useful for improving 

their management. Therefore, the overall purpose of my thesis research was to address 

questions about how walleye and sauger respond to catch-and-release angling, as well as 

their resource use and niche in areas of co-occurrence. My specific research objectives 

were as follows: 

1) Examine the short-term behaviour and movement of walleye and sauger 

after catch-and-release at angling tournaments, and assess the 

importance of a variety of tournament-related fish handling variables 

for predicting behaviour after release 

2) Quantify and compare the isotopic niche size and potential overlap of 

walleye and sauger in two reservoirs 
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2. CHAPTER 2 

Variable short-term movements by walleye (Sander vitreus) and sauger (S. canadensis) 

after catch-and-release at angling tournaments 

 

2.1. INTRODUCTION 

In North America, 25,000-30,000 catch-and-release angling tournaments occur in 

freshwater environments each year, creating significant concern for fisheries management 

(Kerr and Kamke 2003; Schramm and Hunt 2007). By far the majority of these events are 

in warm water systems and target black bass (Micropterus spp) (Schramm et al. 1991). 

However, walleye (Sander vitreus) tournaments have grown in popularity since the 

1970’s, especially in regions that do not support bass populations (Schramm et al. 1991). 

Catch-and-release tournaments for any freshwater species are associated with a range of 

management concerns. These include physical injury, immediate or delayed mortality, 

and disruption of normal movement, such as fish displacement and stockpiling near 

release areas (Kerr and Kamke 2003). The potential importance of these effects on bass 

caught at tournaments has been well studied, but remains comparatively understudied for 

walleye. 

The major assumption underlying catch-and-release tournaments is that returning 

live fish to their source waterbody effectively conserves fish populations. Accordingly, 

Canadian fisheries managers and tournament organizers implemented the concept of 

catch-and-release tournaments in the late 1980’s in an effort to reduce mortality and 

minimize the depletion of native walleye populations (Patalas 1996). However, despite 

good intentions, catch-and-release tournaments can dramatically affect fish mortality. 
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Immediate (pre-release) mortality rates at walleye tournaments in Wisconsin were 

estimated to be as high as 80%, likely due to high lake temperatures (Hoffman et al. 

1996). Short-term (several hours after weigh-in) and long-term (5 days) delayed mortality 

at 14 walleye tournaments located in Michigan, Minnesota, the Dakotas, and Wisconsin 

were assessed by retaining a subset of fish in pens. Short-term mortality was as high as 

54%, while long-term mortality was up to 100%, depending on conditions (Schramm et 

al. 2010). Mortality rates are highly variable and likely a reflection of the tournament 

conditions (both environmental and fish treatment). However, the specific tournament 

conditions that affect mortality and the efficacy of management for walleye survival 

remain uncertain. 

Catch-and-release tournaments operate under the assumption that the behaviour of 

released fish is relatively unaffected. Brown et al. (2015) assessed the dispersal of 

largemouth bass (Micropterus salmoides) in response to simulated tournament 

displacement and found little evidence of long-term aggregation around the release area 

(hereafter known as stockpiling). Most fish (87%) departed from the site of release (<500 

m) within 21 days and 70% of the fish moved to an adjacent bay within 40 days. Though 

unable to compare the behaviour of disrupted fish to unaffected largemouth bass, Brown 

et al. (2015) concluded that the species copes with tournament practices and only made 

recommendations to limit displacement distance. In contrast, data for both largemouth 

and spotted bass (M. punctulatus) showed highly altered behaviour in displaced fish that 

experienced simulated tournament treatment, compared with control fish that were caught 

and released at their site of capture (Hunter and Maceina 2008). These authors found the 

average total distance moved after 10 weeks was much higher for displaced fish (7.4 km) 
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compared with control fish (1.3 km); the energy necessary for this extra movement could 

negatively impact growth, survival, and reproduction (Hunter and Meceina 2008). Wilde 

(2003) indicated that research conclusions about bass dispersal after tournaments were 

contradictory, where rates of return to capture sites, fish dispersal, and recapture differed 

widely. It is therefore important to understand how differing catch-and-release conditions 

impact fish behaviour. Research has been limited on post-release behaviours, which 

include capacity to disperse from the release area, short-term movement rates and 

distances, and the ability to return to suitable habitats and environmental conditions. 

There have been no studies on the post-release behaviours of tournament-caught walleye. 

Increases in mortality and changes to fish behaviour are presumably linked to the 

levels of physiological stress experienced during catch-and-release. Contributors to stress 

are many, and at a minimum include several aspects directly related to angling, 

tournament handling, and environmental conditions. Stress levels can be influenced by 

angling and hooking injuries (Cooke et al. 2002; Arlinghaus et al. 2009), capture depth 

(Talmage and Staples 2011), livewell conditions (Sullivan et al. 2015), and weigh station 

treatment (Suski et al. 2004). Stress is also related to holding time, air exposure, fish size, 

and water temperature (Maynard et al. 2013). A common method of quantifying stress is 

to assess a series of reflexes and their level of impairment. The reflex action mortality 

predictor (RAMP) test assesses reflex impairment and is a useful quantification of fish 

stress that can be rapidly measured in the field (Davis 2010). Different combinations of 

reflexes have been used for different species and collectively have been shown to 

effectively capture stress levels (Brownscombe et al. 2013; McArley and Herbert 2014). 
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However, the RAMP test was designed to predict mortality, so its utility for predicting 

fish behaviour after catch-and-release is not known. 

In Saskatchewan, Canada, walleye comprise 41% of the annual recreational 

harvest, making them the most popular game species in the province (Sport Fishing, 

2010). As a result, most tournaments in Saskatchewan target this species. However, 

walleye, the closely related sauger (Sander canadensis), and their hybrid (saugeye) are 

regulated as the same entity for recreational angling, where the catch limit is based on 

any combination of the three (Saskatchewan Anglers’ Guide, 2015). Thus, walleye 

tournaments in Saskatchewan also include sauger in systems where both species are 

present (Bozek et al. 2011a). Angling tournaments take place throughout the open water 

fishing season across a diverse range of lakes, which deviate in location, size, depth, 

salinity, and average temperature. The tournaments also vary in size, from small, 

individual events to larger ones that are part of a connected annual series (e.g., the 

Saskatchewan Walleye Trail). Consequently, tournaments in Saskatchewan differ 

substantially in levels of funding, infrastructure, fish handling procedures, weigh station 

design, and rules and regulations. Currently, the understanding of how these varying 

conditions affect post-release fish behaviour is limited. 

My goal was to use radio and acoustic telemetry to examine the short-term post-

release behaviour of walleye and sauger after angling tournaments in Saskatchewan. My 

over-arching hypothesis was that a range of variables associated with angling and 

tournament procedures affect fish stress levels and thereby post-release behaviours such 

as dispersal and movement. My specific objectives were to: (1) document and describe 

short-term post-release movements for walleye and sauger at a number of tournaments 
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that varied in environmental conditions; and (2) assess the importance of tournament-

related variables as predictors for fish behaviour. Based on studies in other fish species 

that have shown altered behaviour due to stress (Gravel and Cooke 2008; Arlinghaus et 

al. 2009), I expected fish to make shorter movements and take longer to leave the release 

area as stress levels increased. 

 

2.2. MATERIALS & METHODS 

2.2.1. Study sites.− I collected data at four catch-and-release walleye tournaments on 

three lakes in Saskatchewan during 2015 (Fig. 2.1). Two tournaments were held on Lake 

Diefenbaker: the Riverhurst Walleye Classic (RH) on June 20 and 21, and the 

Saskatchewan Landing Walleye Tournament (SL) on July 18 and 19. I also studied 

caught and released fish at the Last Mountain Fall Walleye Classic (LM) on Last 

Mountain Lake (September 11 and 12), and the Nipawin Vanity Cup (NV) on Tobin 

Lake (October 3 and 4). Lake Diefenbaker and Last Mountain Lake are located in the 

southern fishing zone of the province, while Tobin Lake is in the central zone 

(Saskatchewan Anglers’ Guide, 2015). The tournaments differed substantially in size, 

entry fees, prize value, area fished, and time of year (Table 2.1). The livewell limit for all 

tournaments was 5 fish. 

Lake Diefenbaker (51°01’N 106°50’W) is a large reservoir (max. length = 225 

km; max. width = 6 km; surface area = 430 km2) created by two dams on the South 

Saskatchewan and Qu’Appelle Rivers; it supports 26 fish species (State of Lake 

Diefenbaker, 2012). The lake has a mean depth of 21.6 m (maximum 66 m). Last 

Mountain Lake (51°06’N 105°15’W) is southern Saskatchewan’s largest natural  
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Figure 2.1. Locations of the four tournaments at which data were collected in 

Saskatchewan, Canada in 2015. Abbreviations are as follows: RH = Riverhurst Walleye 

Classic; SL = Saskatchewan Landing Walleye Tournament; LM = Last Mountain Fall 

Classic; NV = Nipawin Vanity Cup. 
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waterbody. Like Lake Diefenbaker, it is long and narrow (max. length = 93 km; max. 

width = 4.5 km; surface area = 233 km2) supports a variety of fish species and has a mean 

depth of 7.6 m (maximum 31.5 m). Tobin Lake (53°35’N 103°30’W) is a large reservoir 

formed by a dam on the North Saskatchewan River with a surface area of 228 km2 and a 

mean depth of 8 m (maximum 26.4 m) (Durbin 1981). This reservoir is composed of two 

unique basins: the first is riverine and parallels the original Saskatchewan River valley, 

while the second is much larger and lake-like (Warwick and Tisdale 1988). Tobin Lake 

supports around 25 species of fish and is one of the best walleye fishing locations in the 

province; the Canadian ice fishing record for walleye (18.3 lbs) was caught there in 2005 

(“Walleye”, 2013). 

 

2.2.2. Fish capture & handling.− Walleye and sauger were angled by rod and reel by 

competitors within set tournament boundaries. Each tournament occurred over the course 

of two days, during which anglers attempted to catch both the largest fish and largest total 

weight. Total weight was based on a maximum of 5 fish per day, of which 2 fish were 

allowed to be over the slot limit (dependent on lake; commonly 55 cm) or all 5 could be 

under. Anglers generally caught 5 fish as soon as possible each day of competition, and 

then substituted larger fish if they were caught (referred to as “culling” in bass 

tournaments; Schramm et al. 1987). As a result, fish brought to the weigh-in at the end of 

the day spent varying amounts of time in the livewell. At weigh-in, officials checked all 

fish to determine whether they were alive or dead; fish that were dead were assessed a 

weight penalty. Once checked, anglers transported their fish from the livewell to the 

weigh scale in dry plastic boxes for weighing. 
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I selected individual walleye and sauger for radio or acoustic tag application 

immediately after they were weighed and registered. Selected fish were directly 

transferred to a 120-L tank receiving flow-through lake surface water from a portable 

pump. I tagged approximately the same number of fish from three common size classes 

(40-52 cm, 52-64 cm, 64 cm+) at each tournament. These categories provided a range of 

sizes for assessment; the minimum length of fish to which I applied a tag was 40 cm. 

Importantly, my selection of fish was not entirely random within each size class; I 

avoided individuals that were visibly moribund, showed signs of extensive discoloration 

or bleeding, or had obvious external injuries. 

 

2.2.3. Angler survey.− I interviewed the angler who caught each selected fish to collect 

data on a number of aspects of fish treatment prior to release (see 6.1 Appendix I). The 

survey included having anglers mark capture location on a map, and questions regarding 

depth of capture and length of time the fish was retained (rounded to the nearest 1 hour). 

For some fish I was unable to obtain these data and did not include them in the 

multivariate modeling analyses described below. 

 

2.2.4. Fish stress assessment.− Prior to tagging, I performed a stress assessment on each 

fish using a modified version of the RAMP assessment (Davis 2010). I rapidly checked 

for the presence or absence of five reflexes (reflex present = 1, absent = 2); if there was 

doubt that the reflex was present, the fish was assigned a status of impaired. The reflexes 

assessed were: (1) body flex when restrained; (2) dorsal fin flare when restrained; (3) 

operculum closed when manually opened; (4) V-O test where the eye maintains a level 
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pitch when the fish is rolled on its side; and (5) orientation, where the fish is able to right 

itself within 3 seconds after being turned on its side. Impairment of these reflex responses 

is correlated with stress and increased likelihood of mortality (Davis 2010). 

Additionally, I assigned a quantitative swimming behaviour score to each tagged 

fish after release based on the following scale: (0) normal swimming behaviour with 

rapid movement away from release site; (1) general normal swimming behaviour but with 

some visible signs of fatigue, such as slow swimming; (2) random and erratic swimming 

behaviour; (3) fish appeared to passively descend; (4) fish displayed partial lateral 

equilibrium loss; (5) fish displayed complete equilibrium loss (modified from Gingerich 

et al. 2007). 

The RAMP score for all three reflexes and swimming behaviour scores were 

summed for each fish to generate a cumulative stress score (i.e., 1 + 2 + 1 (reflexes) + 1 

(swimming) = 5 (total score)). Of the five RAMP reflex responses I tested, I found that 

three varied in their possible response at each tournament (i.e. presence or absence of 

response). These reflexes were the body flex, the operculum close, and orientation. The 

other two tests (dorsal fin flare and V-O test) were either always absent or always 

present, and for this reason I chose not to include them in the final stress score. Higher 

values for the total score indicate more stress; the possible range of stress scores values 

was 3-11. 

 

2.2.5. Application of radio or acoustic transmitters.− Following RAMP assessment, each 

selected fish was fitted with an externally attached radio or acoustic transmitter. I opted 

for external attachment over surgically implanting the tags to avoid the additional 
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stressors of anesthesia and surgery. To begin, I inserted a FT-4 cinch-up tag (Floy 

Manufacturing, Seattle, Washington) with a unique numeric identifier into the tissue 

behind the first dorsal fin using a sterile stainless steel 14-gauge applicator. This is 

essentially a modified Carlin tag (Carlin 1955), which provides a secure anchor for 

externally attaching a tracking device in a way where it will release and fall off after a 

short-term study. 

Radio (Lotek MCFT2-3A and MCFT2-3BM) and acoustic tags (Vemco V9-2x, 

V9T-2x, and V13-1x) with external mounting caps were used for my study. The external 

mounting cap was attached to the FT-4 cinch-up tag via a loop of Monocryl 2-0 

dissolvable suture. This suture material dissolves in approximately 21-30 days, allowing 

the radio or acoustic tag to release (modified tagging methods from Kaintz and Bettoli 

2010). The tagging process took approximately 2 minutes, during which fish were kept 

submerged in the holding tank to limit air exposure. Following tag application, the fish 

were immediately released following the same protocol as other fish in the tournament. 

The nature of release varied with tournament and included manually releasing fish from a 

dock or via a PVC chute filled with running water. After release, tagged fish were 

monitored for initial mortalities. Fish that died immediately after release were collected 

from the water and their tag was recovered. 

 

2.2.6. Fish tracking.− I used radio telemetry at the RH and SL tournaments. I tracked fish 

using a handheld receiver (Lotek SRX 600 Telemetry Receiver, Lotek, Ontario, Canada) 

and a combination of a portable three-element Yagi antenna and a larger five-element 

antenna affixed to a 3-m mast on the bow of the research boat (Legend Extreme, 20.5 
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feet). Acoustic telemetry was performed manually to track fish after the LM and NV 

tournaments, using a handheld receiver (Vemco VR-100 Acoustic Tracking Receiver, 

Vemco, Nova Scotia, Canada) and a VH110 directional hydrophone. 

Each tagged fish was manually tracked for 7 days following the tournament; 

mortality studies have indicated this is the period in which acute effects from stress, 

generally reflected by delayed mortality, are most significant (Patalas 1996; Schramm et 

al. 2010). Tracking began the day after the fish was tagged; attempts were made to find 

each fish once per day, although this was not always possible. For both telemetry 

technologies, I tracked fish by driving along transects throughout the search area. Once a 

signal was detected, I travelled until I reached a location in which the signal from the tag 

was equally strong in the four primary directions. I recorded this as the location of the 

fish using a handheld global positioning system (Garmin, etrex 20, Kansas, USA) with a 

precision of ±5 m. If the tag had a temperature or motion sensor, the data from this sensor 

were manually recorded. The depth at each location was measured using a sonar depth 

sounder. 

I searched as much area as possible during daylight hours to find all tagged fish. 

The range of detection for the radio tags was estimated to be approximately 100 to 300 

m, while the range for the acoustic tags was estimated at 700 to 1000 m (varied by 

location). These approximations were based on field observations from the known 

locations of tags on non-mobile fish; the search pattern I used at each location (location 

and density of transects) was adjusted to accommodate these ranges. 

 

2.2.7. Post-tournament behaviour. 
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2.2.7.1. General fish movement.− The total minimum distance a fish moved was 

measured based on the cumulative distance between daily relocation points. When a fish 

was located more than once in a 24-hour period, the last location recorded in the day was 

used to calculate total net distance moved. Average daily rate of movement was 

calculated for fish at LM and NV by dividing the total distance moved by the time in 

days that passed until the fish was found for the final time. This metric was only 

calculated for these tournaments because fish were tracked with acoustic tags, which 

enabled more consistent and reliable relocations. All fish were treated the same way for 

this calculation, regardless of the number of days they were relocated. Using the 

responses from the angler surveys, I also calculated the shortest distance each fish would 

have been transported from their capture location to the weigh station, defined as 

“distance transported in livewell”. All movement data were analyzed using ArcMap 10.2 

(Environmental Systems Research Institute 2015). 

 

2.2.7.2. Departure from release area.− I defined the release area as a 500-m radius 

around the tournament weigh station (as in Brown et al. 2015). Fish that left this area 

were considered to have dispersed from the release site. I recorded the number of hours 

(in 24-hr intervals) required for each fish to leave the 500-m buffer zone; a value that 

ranged from ≤24 to 168. Fish that never left the release area during the 7 days of tracking 

were given a designation of 168+. Dispersal was compared with established criteria, 

defined as immediate (1-2 days), delayed (3-4 days), and extended (5+ days) (adapted 

from Kaintz and Bettoli 2010). 
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2.2.7.3. Fish mortality.− I confirmed mortality events based on observation of carcasses 

or tracking of radio-signals to predators (American white pelicans; Pelecanus 

erythrorhynchos). The location of fish inside of pelicans was confirmed by both the 

location of the signal and the temperature sensing function of radio tags, which indicated 

temperatures over 35°C (much higher than possible for fish in water). I did not classify 

mortality based on lack of fish movement. 

 

2.2.7.4. Statistical analyses.− One-way Analysis of Variance (ANOVA) was used to test 

for differences among values for predictor (time in livewell, distance transported in 

livewell, depth of capture, stress score) and response (days to exit release area, total 

distance moved in first 48 hours, rate of movement) variables across tournaments (p ≤ 

0.05). If a significant main effect was obtained, a post-hoc Tukey test was used to 

identify specific pair-wise differences. 

I built generalized linear models (GLM) and used model selection based on 

Akaike’s Information Criterion (AIC) to test hypotheses about relationships between 

capture and handling predictor variables and fish movement. I generated models 

independently for each tournament, which was necessary due to large differences in 

conditions, as well as the switch in telemetry technologies (radio vs. acoustic). To 

determine whether the predictor variables (total length, depth of capture, distance 

transported in livewell, time in livewell, stress score, and species) were correlated to each 

other, I ran a series of Pearson Correlation tests. Time in livewell was correlated with 

another variable with r > 0.7 at more than one tournament, so I eliminated it from my 

models. Species was only in the models for the first two tournaments (RH and SL) as I 
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only tagged walleye at the second two (LM and NV). I ran GLMs for several dependent 

variables that were measures of fish behaviour: time to leave release area (days), total 

distance moved in first 48 hours, and daily rate of movement (for only LM and NV). I 

also ran a separate model for SL to assess factors affecting confirmed mortalities. All 

models were run with a Gamma error distribution and log link function except the 

mortality model, which was run with a binomial error distribution. 

Maximum likelihoods from all possible subsets of each global model containing 

all predictors were used to obtain AIC scores and build the candidate set of explanatory 

models. AICc was used to correct for small sample sizes (Grueber et al. 2011). I 

calculated the number of parameters (k) as 2 (1 for the intercept and 1 for the random 

factor) + 1 for each model parameter (Barton 2013). The top or most parsimonious model 

was that with the lowest AIC score (i.e. greatest support) out of the candidate set. Model 

averaging using the natural average method was performed using all models within 2 

ΔAIC units of the top model (Burnham et al. 2011). Inference was made from parameters 

whose confidence intervals did not pass through 0. All statistical analyses were 

conducted in R Project for Statistical Computing 3.3.0 (R Development Core Team 

2016), using packages lme4 (version 1.1-12; Bates et al. 2012) and MuMIn (version 

1.15.6; Barton 2013). 

 

2.3. RESULTS 

I tracked 66 fish (56 walleye over four tournaments, 10 sauger over two 

tournaments) using telemetry at four angling tournaments in Saskatchewan (Table 2.1). 

All tagged fish except for one at RH were found at least once. Sauger large enough to be 
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tagged (TL > 40 cm) were only caught at two tournaments. There were also 5 fish (1 

walleye, 4 sauger; all at SL) that died immediately after release and were removed from 

the study before any tracking data were collected. I observed confirmed mortalities at 

only one of the four tournaments studied. SL had nine confirmed mortalities (2 sauger, 7 

walleye): three fish were found dead floating in the water and six fish were confirmed to 

have been depredated by American white pelicans. Multivariate modeling for mortality at 

SL indicated a weak relationship with total length; smaller fish were more likely to die 

(Table 2.6). Depth of capture was also included in the model averaging, showing fish 

caught at shallower depths were more likely to die; however, the 95% confidence interval 

of this variable passed through zero, indicating that the influence of depth was minimal. 

The accelerometers in the radio tags were initially used to designate fish as suspected 

mortalities, based on several consecutive Inactive codes. However, I found the motion 

sensors would sometimes switch back to the Active code; additionally, there were fish at 

each tournament that would remain in one place for several days and then began moving 

again. I concluded that accelerometers and lack of fish movement were unreliable 

indicators of mortality and did not include suspected mortalities in this analysis. 

 

2.3.1. Angler survey.− I was able to collect survey data from 75 to 100% of anglers who 

caught fish I chose to tag, depending on the tournament (Table 2.2). The mean depth of 

capture varied significantly by tournament (Table 2.2; ANOVA, F(3,52)=42.01, 

p<0.001). Post-hoc analysis revealed that fish at LM were caught at deeper depths than at 

the other three tournaments. Fish at NV were caught at intermediate depths while fish at 

RH and SL were caught at similar shallow depths. The mean reported distance fish were 
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transported from their site of capture to the weigh station ranged widely both within and 

between events, but was significantly different by tournament (Table 2.2; ANOVA, 

F(3,52)=14.10, p<0.001). Post-hoc analysis showed that fish were transported 

significantly farther at SL than any of the other tournaments. Values for the other three 

tournaments were not significantly different. The time that fish were kept in the livewell 

was generally much less than the total period available (8 hours), and did not vary 

significantly by tournament (Table 2.2; ANOVA, F(3,52)=2.25, p=0.09). 

 

2.3.2. Fish stress assessment.− The mean scores for each reflex response varied with 

tournament (Table 2.3). NV consistently had the lowest mean score for all three reflexes.  

For swimming scores, SL had the highest mean while NV had the lowest (Table 2.3). 

When comparing species overall stress scores, walleye at SL had a similar mean score 

(4.20±1.14) to RH (4.42±1.74). In contrast, the score for sauger at SL (6.40±1.14) was 

higher than at RH (5.40±2.07). Overall, total stress score varied among tournaments (Fig. 

2.2; ANOVA, F(3,61)=2.88, p=0.04). SL had the highest overall (4.75±1.48) score, 

which was significantly different from the lowest mean score at NV (3.50±0.73). Mean 

stress scores for RH (4.68±1.83) and LM (4.60±1.17) were intermediate and not 

significantly different from those for SL or NV. 

 

2.3.3. Fish tracking.− Using radiotelemetry, an average of 14 out of 20 (70%) fish were 

relocated each day for RH and 9 out of 20 (45%) for SL. In contrast, using acoustic 

telemetry I relocated an average of 9 out of 10 (90%) fish daily for LM, and 16 out of 16  
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Table 2.2. Summary of angler survey responses. Includes number of surveys successfully 

received, and mean values for the answers to several of the questions: time fish were held 

in livewell (hours), minimum distance fish were transported from the site of capture to 

the weigh station (km), and depth at which fish were caught (m). All mean values are 

expressed ±SD; the total range of values is provided. 

Tournament Number of 
angler surveys 
(total possible) 

Time in 
livewell 
(hours) 

Distance 
transported in 
livewell (km) 

Depth of 
capture (m) 

Riverhurst 
Walleye 
Classic (RH) 
 

15 (20) 5.9±1.8 
(1-7) 

5.1±4.4 
(1.2-18.7) 

4.5±1.1 
(2.4-6.4) 

Saskatchewan 
Landing 
Walleye 
Tournament 
(SL) 
 

16 (20) 4.0±2.0 
(1-8) 

18.9±9.5 
(1.4-31.4) 

4.2±0.9 
(2.7-5.5) 

Last Mountain 
Fall Classic 
(LM) 
 

10 (10) 5.6±1.8 
(1-7) 

10.7±3.6 
(3.8-14.7) 

8.6±1.6 
(6.7-12.2) 

Nipawin 
Vanity Cup 
(NV) 

16 (16) 4.9±2.5 
(1-8) 

8.9±3.8 
(2.1-14.0) 

6.0±0.7 
(4.9-7.6) 
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Table 2.3. Summary of components of stress test performed on walleye and sauger. 

Includes mean (±SD) values for body flex, operculum close, orientation reflexes (from 

RAMP test), and swim score. RAMP test values are based on presence / absence of a 

reflex and are either 1 or 2. The swim score is based on different categories of behaviour 

and ranges from 0 to 5. 

Tournament Body flex 
score 

Operculum 
close score 

Orientation score Swim score 

Riverhurst 
Walleye 
Classic (RH) 
 

1.16±0.37 1.32±0.48 1.37±0.50 0.84±1.21 
(0-4) 

Saskatchewan 
Landing 
Walleye 
Tournament 
(SL) 
 

1.35±0.49 1.15±0.37 1.20±0.41 1.05±1.19 
(0-3) 

Last Mountain 
Fall Classic 
(LM) 
 

1.30±0.48 1.20±0.42 1.20±0.42 0.90±0.88 
(0-2) 

Nipawin 
Vanity Cup 
(NV) 

1.13±0.34 1.13±0.34 1.00±0.00 0.25±0.45 
(0-1) 
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Figure 2.2. Box-and-whisker plot of overall stress scores for all fish at four tournaments. 

Each box encompasses the middle 50% of the score distribution, with the median 

indicated by the horizontal line in the interior of the box. Whiskers extend to maximum 

and minimum values that are within 3/2 times of interquartile range. Outliers are 

represented by open circles. Stress scores were calculated by summing the scores for the 

three reflex tests and the swimming score. Abbreviations are as follows: RH = Riverhurst 

Walleye Classic; SL = Saskatchewan Landing Walleye Tournament; LM = Last 

Mountain Fall Classic; NV = Nipawin Vanity Cup. 
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(100%) for NV. The proportion of fish relocated daily varied substantially for RH and 

SL; I was more successful with daily relocations at the beginning of the tracking period, 

and lost contact with more fish as time progressed (Fig. 2.3). There were no differences 

in the number of relocations between walleye and sauger. In contrast, I consistently 

relocated almost all tagged fish daily for both LM and NV, and at both events 100% of 

tagged fish were relocated for several consecutive days (Fig. 2.3). 

 

2.3.4. Departure from release area.− I determined a minimum value for the number of 

days it took each fish to leave the release area except for 7 fish at SL; these fish were 

confirmed mortalities before they were able to exit. The mean number of days to exit the 

release area varied significantly by tournament (Table 2.4; ANOVA, F(3, 54)=3.92, 

p=0.01). Post-hoc analysis showed that fish at NV exited more rapidly than those from 

RH. Values for fish from SL and LM were not significantly different from NV but were 

more similar to those of RH. Fish at NV left the release area in a manner similar to 

patterns established by Kaintz and Bettoli (2010), where 80% of fish dispersal was 

immediate. In contrast, dispersal of a large (30-40%) portion of fish at RH and LM was 

either delayed or extended. SL followed a similar trend, though dispersal proportions at 

this tournament were affected by the 40% of fish that were mortalities before exiting 

(Fig. 2.4). 

 For RH and LM, the top model for days to exit showed the intercept to be the 

most important, indicating none of the predictor variables had more support than the null 

model (Tables 2.5, 2.7). In contrast, stress score, distance transported, and species were  
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Figure 2.3. Proportion of total tagged walleye and sauger found for seven days of 

tracking after four angling tournaments. Radio telemetry was used for RH and SL while 

acoustic telemetry was used for LM and NV. Abbreviations are as follows: RH = 

Riverhurst Walleye Classic; SL = Saskatchewan Landing Walleye Tournament; LM = 

Last Mountain Fall Classic; NV = Nipawin Vanity Cup. 
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Table 2.4. Summary of telemetry data from the four angling tournaments in 

Saskatchewan that were the basis for this study. Includes mean days to exit the release 

area, mean total distance moved in the first 48 hours after release (m), and mean rate of 

movement (m/ day) with ranges of values. Also provided is the number of confirmed 

mortalities. 

Tournament Days to exit Total distance in 
first 48 hrs (m) 

Rate of 
movement (m / 
day) 

Confirmed 
mortalities 

Riverhurst 
Walleye 
Classic (RH) 

4.4±1.7 
(2-8) 
n=19 

723.7±1,087.9 
(25-4,717) 
n=18 
 

N/A 0 / 20 

Saskatchewan 
Landing 
Walleye 
Tournament 
(SL) 
 

3.9±1.6 
(2-7) 
n=13 

1065.3±687.8 
(308-1,893) 
n=8 

N/A 9 / 20 

Last Mountain 
Fall Classic 
(LM) 

4.3±2.2 
(1-9) 
n=10 
 

608.1±392.1 
(147-1,120) 
n=7 

935.6±1,018.3 
(108-3,435) 

0 / 10 

Nipawin 
Vanity Cup 
(NV) 

2.6±1.1 
(2-6) 
n=16 

3,712.8±4,427.9 
(388-15,262) 
n=16 

1,235.1±1,051.3 
(129-3,048) 

0 / 16 
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Figure 2.4. Proportion of tagged walleye and sauger that exited release area (swam 

>500m) during three time periods. These time periods reflect defined stages of dispersal: 

immediate (1-2 days), delayed (3-4 days), and extended (5+ days) (adapted from Kaintz 

and Bettoli 2010). Also included is the “dead before leaving” category, which indicates 

fish that were confirmed mortalities before they left the release area. Abbreviations are as 

follows: RH = Riverhurst Walleye Classic; SL = Saskatchewan Landing Walleye 

Tournament; LM = Last Mountain Fall Classic; NV = Nipawin Vanity Cup. 

 

 

 

 

 

 

 

0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

1 

1-2 days 3-4 days 5+ days Dead before 
leaving 

Pr
op

or
tio

n 
of

 F
is

h 

Periods to Exit Release Area 

RH 

SL 

LM 

NV 



! 37 

all part of the top model for SL, though a competing model used in the model averaging 

was the null (Table 2.6). Both relationships for stress score and distance transported in 

this model were positive, though weak, and indicated that more stressed fish or those 

transported farther in a livewell took longer to leave the release area. Stress score and 

total length were both important variables in the top model for NV (Table 2.8); these 

relationships, though weak, showed less stressed and larger fish took longer to exit the 

release area. Depth of capture was included in the averaged model for NV but its 

confidence interval passed through zero. 

 

2.3.5. Movement in 48 hours.− I determined the total initial distance fish moved by 

calculating the distance for the first 48 hours after release. I was unable to calculate the 

distance for some fish, as they were not located on day 2 of tracking (2 fish at RH, 12 fish 

at SL, 3 fish at LM). Total distance traveled during the first 48 hours varied significantly 

by tournament (Table 2.4; ANOVA, F(3,45)=4.40, p=0.008). Post-hoc analysis indicated 

fish at NV moved farther in the first 48 hours after release than fish at RH, SL, and LM. 

 The top models for RH and LM showed the intercept to be the most important for 

predicting movement in the first 48 hours after release, indicating that the predictor 

variables were at best, marginally important (Tables 2.5, 2.7). For SL, species and stress 

score were part of the top model for predicting movement. Both relationships were 

relatively strong; the model showed that fish moved farther in the first 48 hours with 

every three-fold increase in stress level. This model actually found all predictor variables 

to be important but only these two variables had an estimate different from zero (Table 

2.6). Stress score and total length were important predictor variables for NV (Table 2.8).  
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Table 2.5. Top model, intercept-only model, and all models within 2 delta Akaike 

information criterion (ΔAIC) units of the top model (candidate set) explaining fish 

behaviour at the Riverhurst Walleye Classic. The two behaviours modeled here are time 

it took to leave the release area (exit) and total distance moved in the first 48 hours after 

release (48 hours). Model averaging is also included with parameter estimates, standard 

errors, and 95% confidence intervals (CIs). Abbreviations used for variables are 

DistTrans = distance transported in livewell and DepthCapt = depth of capture. 

 Exit 
 
Top and 
competing 
models 
 

Model k AIC ΔAIC wi 
Intercept only 2 59.6 0 0.354 
Stress 3 61.5 1.87 0.139 
Ad Hoc - DistTrans 3 62.4 2.76 0.089 

 Parameter Estimate Standard 
Error 

95% CI 
(lower) 

95% CI 
(upper) 

Relative 
importance 

Model 
averaging 

Intercept 1.118 0.532 0.415 1.774  
Stress 0.076 0.018 -0.053 0.227 0.282 

 
 48 hours 
Top and 
competing 
models 

Model k AIC ΔAIC wi 
Intercept only 2 193.7 0 0.349 
Species 3 194.9 1.28 0.184 
Ad Hoc – DistTrans 3 196.7 3.04 0.076 

 
Model 
averaging 

Parameter Estimate Standard 
Error 

95% CI 
(lower) 

95% CI 
(upper) 

Relative 
importance 

Intercept 5.812 0.411 5.103 6.741  
Species 0.689 0.468 -0.323 1.547 0.35 

 

!

!

!

!

!
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Table 2.6. Top model, intercept-only model, and all models within 2 delta Akaike 

information criterion (ΔAIC) units of the top model (candidate set) explaining fish 

behaviour at the Saskatchewan Landing Walleye Tournament. The two behaviours 

modeled here are time it took to leave the release area (exit) and total distance moved in 

the first 48 hours after release (48 hours). Confirmed mortality at this tournament was 

also modeled. Model averaging is also included where necessary with parameter 

estimates, standard errors, and 95% confidence intervals (CIs). Abbreviations used for 

variables are DistTrans = distance transported in livewell and DepthCapt = depth of 

capture. 

 Exit 
Top and 
competing 
models 

Model k AIC ΔAIC wi 
DistTrans + Species + Stress 5 26.9 0 0.430 
Intercept only 2 28.3 1.40 0.213 
Ad Hoc - DistTrans 3 29.8 2.88 0.102 

 
 
Model 
averaging 

Parameter Estimate Standard 
Error 

95% CI 
(lower) 

95% CI 
(upper) 

Relative 
importance 

Intercept 0.123 0.027 0.070 0.176  
DistTrans 0.003 0.001 0.002 0.005 0.67 
Species -0.139 0.025 -0.188 -0.088 0.67 
Stress 0.055 0.008 0.039 0.069 0.67 

  
 48 hours 
Model k AIC ΔAIC wi 
DepthCapt + DistTrans + Species + Stress + TL 7 -5.3 0 1.00 
Ad Hoc – Intercept only 2 117.1 122.42 0.00 
Parameter Estimate Standard Error 95% CI 

(lower) 
95% CI 
(upper) 

Intercept 8.683 3.449 1.923 15.442 
DeptCapt -0.854 0.463 -1.762 0.054 
DistTrans 0.512 0.270 -0.018 1.042 
Species -7.840 3.534 -14.766 -0.913 
Stress 3.448 1.609 0.295 6.601 
TL -0.139 0.030 -0.307 0.028 
  
 Mortality 
Top and 
competing 

Model k AIC ΔAIC wi 
TL 2 21.8 0 0.251 
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models DepthCapt + TL 3 23.8 2.00 0.090 
 Intercept only 1 24.2 2.45 0.074 
 
Model 
averaging 

Parameter Estimate Standard 
Error 

95% CI 
(lower) 

95% CI 
(upper) 

Relative 
importance 

Intercept 11.412 5.882 1.403 25.800  
DepthCapt -0.201 0.204 -0.645 0.188 0.26 
TL -0.142 0.071 -0.320 -0.025 1.00 

!

!
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Table 2.7. Top model, intercept-only model, and all models within 2 delta Akaike 

information criterion (ΔAIC) units of the top model (candidate set) explaining fish 

behaviour at the Last Mountain Fall Classic. The three behaviours modeled here are time 

it took to leave the release area (exit), total distance moved in the first 48 hours after 

release (48 hours), and movement rate during the week of tracking. Model averaging is 

also included where necessary with parameter estimates, standard errors, and 95% 

confidence intervals (CIs). Abbreviations used for variables are DistTrans = distance 

transported in livewell and DepthCapt = depth of capture. 

 Exit 
 
Top and 
competing 
models 

Model k AIC ΔAIC wi 
Intercept Only 2 47.9 0 0.406 
TL 3 49.0 1.07 0.238 
Ad hoc - Stress 3 50.0 2.11 0.142 

 
Model 
averaging 

Parameter Estimate Standard 
Error 

95% CI 
(lower) 

95% CI 
(upper) 

Relative 
importance 

Intercept -0.171 0.251 -0.660 0.329  
TL 0.008 0.005 -0.002 0.017 0.37 

  
 48 hours 
Model k AIC ΔAIC wi 
Intercept only 2 108.6 0 0.806 
Ad Hoc – TL 3 112.9 4.32 0.093 
Parameter Estimate Standard Error 95% CI 

(lower) 
95% CI 
(upper) 

Intercept 6.009 1.439 3.225 8.916 
 
 Movement rate 
Model k AIC ΔAIC wi 
Stress 3 160.1 0 0.550 
Ad Hoc – Intercept Only 2 162.4 2.39 0.166 
Parameter Estimate Standard Error 95% CI 

(lower) 
95% CI 
(upper) 

Intercept 4.024 2.741 2.309 5.918 
Stress 0.566 0.305 0.187 0.948 
!

!
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Table 2.8. Top model, intercept-only model, and all models within 2 delta Akaike 

information criterion (ΔAIC) units of the top model (candidate set) explaining fish 

behaviour at the Nipawin Vanity Cup. The three behaviours modeled here are time it took 

to leave the release area (exit), total distance moved in the first 48 hours after release (48 

hours), and movement rate in the week of tracking. Model averaging is also included 

where necessary with parameter estimates, standard errors, and 95% confidence intervals 

(CIs). Abbreviations used for variables are DistTrans = distance transported in livewell 

and DepthCapt = depth of capture. 

 Exit 
 
Top and 
competing 
models 

Model k AIC ΔAIC wi 
Stress + TL 4 34.7 0 0.403 
Stress 3 35.9 1.19 0.223 
DepthCapt + Stress + TL 5 36.5 1.81 0.163 
Ad hoc – DepthCapt + Stress 4 37.6 2.86 0.096 
Intercept only 2 47.0 12.35 0.001 

 
 
Model 
averaging 

Parameter Estimate Standard 
Error 

95% CI 
(lower) 

95% CI 
(upper) 

Relative 
importance 

Intercept 0.346 0.197 -0.036 0.738  
Stress -0.133 0.026 -0.183 -0.080 1.00 
TL 0.004 0.002 0.001 0.008 0.72 
DepthCapt 0.014 0.009 -0.004 0.032 0.21 

 
 48 hours 
 
Top and 
competing 
models 

Model k AIC ΔAIC wi 
Stress 3 289.3 0 0.336 
Stress + TL 4 289.7 0.41 0.273 
DistTrans + Stress + TL 5 290.9 1.65 0.147 
Ad Hoc – DistTrans + Stress 4 291.5 2.28 0.107 
Intercept only 2 300.2 10.90 0.001 

 
 
Model 
averaging 

Parameter Estimate Standard 
Error 

95% CI 
(lower) 

95% CI 
(upper) 

Relative 
importance 

Intercept 14.346 1.419 12.056 16.767  
Stress -1.118 0.252 -1.591 -0.608 1.00 
TL -0.031 0.015 -0.059 -0.003 0.56 
DistTrans -0.082 0.051 -0.176 0.015 0.19 

 
 Movement rate 
 
Top and 
competing 

Model k AIC ΔAIC wi 
DistTrans + Stress + TL 5 258.2 0 0.339 
Stress 3 259.6 1.41 0.167 
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models Ad hoc – DistTrans + Stress 4 260.3 2.11 0.118 
Intercept only 2 264.3 6.10 0.016 

 
 
Model 
averaging 

Parameter Estimate Standard 
Error 

95% CI 
(lower) 

95% CI 
(upper) 

Relative 
importance 

Intercept 12.866 1.535 9.765 16.096  
Stress -0.717 0.273 -1.285 -0.118 1.00 
DistTrans -0.137 0.055 -0.243 -0.025 0.67 
TL -0.038 0.017 -0.071 -0.004 0.67 
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The relationship with size was relatively weak; as fish got larger, the initial distance they 

traveled decreased. The relationship to stress was stronger, where an increase in stress 

also caused initial fish movement to decrease. In addition, distance transported was part 

of the competing model but the 95% confidence interval passed through zero, indicating 

its effect was minimal. 

 

2.3.6. Overall movement.− Total fish movement during the week of tracking ranged 

widely. Movement at RH ranged from three walleye moving under 1 km, 10 walleye 

moving between 1 and 9 km, and a single walleye moving 18 km (Fig. 2.5a, b). All five 

sauger at this tournament moved less than 2 km. At SL, discounting fish that were 

mortalities, three fish moved under 1 km (1 walleye, 2 sauger), six fish moved between 1 

and 9 km (5 walleye, 1 sauger) and two walleye moved large distances (10 and 16 km). 

Of the fish that were mortalities, seven moved less than 1 km before dying (6 walleye, 1 

sauger).  Additionally, 1 walleye moved 1.2 km and 1 sauger moved 2.2 km, both over 

four days before dying (Fig. 2.5c, d). The movement at LM ranged from one walleye 

moving under 1 km, six walleye moving between 1 and 9 km, to three walleye moving 

large distances (10, 16, and 31 km; Fig. 2.6a, b). Finally, walleye movement at NV 

showed zero fish moving less than 1 km, nine fish moving between 1 and 9 km, and 

seven fish moving large distances (10, 14, 18, 18.5, 19, 22, and 24 km; Fig. 2.6c, d). 

The mean rate of movement was calculated for walleye at LM and NV (Table 

2.4), and it did not significantly vary between these two tournaments (ANOVA, F(1, 

24)=0.51, p=0.481). The top model for LM indicated stress was the only variable that 

predicted movement rate (Table 2.7). This model had a weak, positive relationship where  
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Figure 2.5. Maps of the minimum path fish tracked using radio telemetry traveled after 

the Riverhurst Walleye Classic (a, b) and the Saskatchewan Landing Walleye 

Tournament (c, d). Panels (a) and (c) show all fish at both tournaments that moved 

greater than 2 km while panels (b) and (d) show fish paths less than 2 km. Note 

differences in scale between maps of limited and significant movement. Paths made by 

sauger are indicated by red lines. The location of the weigh station site is indicated by a 

yellow circle. 
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Figure 2.6. Maps of the minimum path fish tracked using acoustic telemetry traveled 

after the Last Mountain Fall Classic (a, b) and the Nipawin Vanity Cup (c, d). Panels (a) 

and (c) show all fish at both tournaments that moved greater than 5 km while panels (b) 

and (d) show fish paths less than 5 km. Note differences in scale between maps of limited 

and significant movement. The location of the weigh station site is indicated by a yellow 

circle. 
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movement rate of fish increased with stress level. The top model for NV showed total 

length, stress score, and distance transported were all important variables (Table 2.8). All 

relationships for these variables were weak and negative; movement rate increased with 

lower stress levels, smaller fish, and smaller livewell transport distances. 

 

2.4. DISCUSSION 

Walleye and sauger made highly variable movements after catch-and-release both 

within and among tournaments. My data showed a 15 to 30-fold difference between the 

shortest and longest minimum distance moved, depending on the tournament. Walleye 

exhibited more movement at LM and NV, where many fish moved greater distances and 

fewer fish made limited movements. The farthest a fish moved during a week of tracking 

was 31 km at LM, but my data also showed four fish at NV moving around 20 km, a 

considerable distance. All fish that made long-distance movements (>20 km) were 

walleye. At the two tournaments where sauger were tagged, movements by this species 

were limited and the longest observed movement was by a sauger that eventually died (2 

km). The large movements I observed for walleye contrast those documented for the 

frequently studied black bass. Limited initial dispersal is common after tournaments, 

where both largemouth and smallmouth bass remain within a 1-2 km radius of their 

release site for months (Gilliland 1999; Bunt et al. 2002). Bass normally maintain 

relatively small home ranges (Hunter and Maceina 2008; Ahrenstorff et al. 2009), so the 

influence of catch-and-release on their movements is unclear. Bass movement can be 

larger seasonally, with rates highest in the spring during spawning (7.3 km/day), and 

lowest during colder months (2.2 km/day) (Hanson et al. 2007). In contrast, walleye 
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migrate extensively (up to 100s of km) to access spawning grounds or foraging areas 

(Hayden et al. 2014b; Haxton et al. 2015), which partly explains the observed difference 

in patterns after catch-and-release tournaments. However, walleye and sauger movement 

during the non-spawning season (May to November; similar to the timing of the 

tournaments studied here) is generally much more limited (Bellgraph et al. 2008). I 

conclude that walleye are capable of making long-distance movements after tournaments, 

but the factors that prompt this behaviour are unclear. 

The time fish took to leave the release area varied between tournaments, with fish 

leaving most quickly at NV (80% within the first 2 days), while dispersal at the other 

three tournaments was a mix of immediate, delayed (3-4 days), and extended (5+ days) 

(Kaintz and Bettoli 2010). Similar initial dispersal behaviours have been described for 

various species of bass, where half of tagged largemouth bass in North Carolina dispersed 

more than 500 m within 7 days (Brown et al. 2015). Smallmouth bass in Tennessee 

showed little evidence of stockpiling and most fish left the study area even more quickly, 

within 5 days of release (Kaintz and Bettoli 2010). In contrast, largemouth bass in 

Arizona and Nevada had limited dispersal in the first 7 days after release, with 63% of 

fish last located less than 500 m from the release site (Wilde and Paulson 2003). 

However, as I have already described, walleye exhibited longer movements than bass, so 

it is unclear whether the 500-m buffer is an appropriate benchmark for assessing walleye 

dispersal. Correspondingly, I found that departure from the release area was not 

consistently predicted by any of the variables I measured. Stress was an important 

variable at two tournaments (SL and NV), but the direction of the relationship was 

opposite. At SL stressed fish left more slowly, whereas at NV stressed fish left more 
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quickly. Of the studies summarized above, only Brown et al. (2015) attempted to 

determine the effects of stress on movement. They measured blood cortisol 

concentrations but found no relationship with post-release dispersal. Overall, factors that 

affect walleye and sauger dispersal from the release area are uncertain and need to be 

further investigated. 

The variables I measured did not consistently predict fish movement in the first 

48 hours after release. None of the variables were important for RH or LM, while several 

variables were important for SK and NV, though stress was the only one in common. The 

relationship between stress and initial movement at these two tournaments was opposite, 

where stressed fish at SL moved farther, while stressed fish at NV moved less. Initial 

movement is an important behaviour to understand in relation to stress as the first few 

days after release are when most acute effects from catch-and-release manifest, as well as 

when a large portion of delayed morality occurs (Patalas 1996; Schramm et al. 2010). A 

study on the behaviour of caught-and-released bonefish (Albula spp.), which fight to 

exhaustion during angling, found that in the hours after release, fish stopped moving 

often and required extended periods of rest. In contrast, bonefish given a period of 

recovery swam more consistently (Cooke and Philipp 2004). Species was also an 

important predictor of movement in 48 hours at SL, where the relationship was extremely 

strong. There was almost an eight-fold change in this relationship, where walleye were 

more likely to move farther than sauger. The strength of this relationship was likely 

related to a small sample size, where only one sauger, compared to 7 walleye were used 

in the model. I also saw less movement and higher mean stress scores for sauger at SL, 

which lends support to this relationship. Comparative short-term movements by walleye 
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and sauger have not been previously reported. However, sauger are capable of moving 

large distances in other contexts; for example, sauger in a river in Kentucky moved more 

than 200 km in less than 10 days (Pegg et al. 1997). Overall, the factors that affect initial 

dispersal for both species remain uncertain. 

The measured predictor variables only partially predicted the rate of movement of 

fish in the full seven day tracking period. The rates of movement at LM and NV were not 

significantly different and stress was an important predictor variable at both tournaments, 

in addition to several other variables at NV. However, the relationship between stress and 

movement rate at both tournaments was weak, as well as in opposite directions (positive 

at LM, negative at NV) and therefore not consistent. The range of rates of movement 

were similar at both tournaments, with some fish moving slowly over the course of the 

week and some fish moving quickly (3,000+ m / day). Of the studies that have examined 

the dispersal of fish after tournaments, none have assessed rate of movement as a 

response variable. Most studies use the total distance moved as a metric, though rate of 

movement is directly related (Hunter and Maceina 2008; Kaintz and Bettoli 2010). Wilde 

(2003) assessed the data from 12 studies on the dispersal of tournament-caught 

largemouth and smallmouth bass, and examined short-term (14 to 40 days) dispersal as 

an important behaviour after release. The studies they summarized found this time period 

to be important; however, I only collected data for 7 days. Increasing the time period of 

tracking would say more about the overall response of walleye and sauger to these 

tournaments. Additionally, a different metric of movement, such as displacement 

distance, may be more useful in describing post-release behaviour. 
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Of the various post-release behaviours described, none were consistently 

predicted by the variables I expected to be important. There are likely additional variables 

that are important and need to be assessed, such as water surface temperature (Patalas 

1996) and air exposure (Gingerich et al. 2007). Importantly, I expected stress to be the 

most useful predictor of post-release behaviour, and while this variable did appear in 

multiple relationships, it was not consistent. My data suggest that indices I recorded may 

not be reliable indicators of fish stress, and vice-versa. Previous work employed cortisol 

concentrations, but these were also unrelated to dispersal (Brown et al. 2015). The lack of 

a clear relationship between fish behaviour and stress suggests the various initial 

behaviours I observed may be adaptive to recovering from stress, ranging from a “fight or 

flight” response to limited movement to facilitate recovery (O’Connor et al. 2010). The 

link between movement and stress appears to be more complex than initially assumed, 

where stress does not simply impair movement, and is therefore not a straightforward 

predictor. 

It is also possible that my measure of stress was unable to resolve differences in 

the levels of stress actually present. I expected stress to affect fish movement and 

dispersal time, where time to leave the release area would increase, and movement in the 

first 48 hours would be reduced in response to stress and exhaustion. However, the only 

tournament where stress score was an important variable was NV, where the mean stress 

score was significantly lower and the range of stress scores was much narrower than at 

other tournaments. My modeling showed stress at NV had a negative relationship with all 

the behaviours I defined. The strongest relationship was with movement in the first 48 

hours, where increasing stress resulted in a decrease in the distance a fish would move, as 
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predicted if stress impairs movement. I also observed the greatest overall movement at 

this tournament, both in terms of how quickly fish left the release area and how far they 

moved in 48 hours. In contrast, data from tournaments where my assessment indicated 

fish were more stressed but where fish moved less did not result in a significant 

relationship between stress and behaviour. These findings suggest that the RAMP test 

and swim score measures I used were not able to accurately resolve differences among 

fish that were past a certain threshold of stress. The understanding of the relationship 

between fish stress and post-release behaviour is limited, but stress has been linked to 

some of the fish treatments I observed in this study, such as extensive handling and air 

exposure (Cooke et al. 2002; Gingerich et al. 2007; Arlinghaus et al. 2009; McArley and 

Herbert 2014) and high rates of delayed mortality (Davis 2010). Work on signs of 

barotrauma, which can be physical signs of stress, has shown fish with reduced indicators 

of barotrauma exit the release area much more quickly than those with severe barotrauma 

(Gravel and Cooke 2008). In terms of how I quantified stress and post-release behaviour, 

it seems that the relationship between high stress and fish movement may not be as 

straightforward as I predicted.  

The current version of the RAMP test may not be suitable for studying fish 

movement after catch-and-release and other sub-lethal effects. The variation I recorded in 

RAMP scores was limited, likely because the reflexes were assessed as present or absent 

rather than as a spectrum. Different levels of fish stress may be indicated by more subtle 

differences and this assessment was too coarse to detect differences among similarly 

stressed fish. Additionally, it may be difficult to identify differences between highly 

stressed fish. While the RAMP test was originally designed to predict mortality rather 
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than behaviour (Davis 2010), it has been used to successfully assess post-stress condition 

of fish, where reflex impairment was linked to duration of chasing and air exposure, as 

well as measures of physiological stress (muscle pH, plasma lactate; McArley and 

Herbert 2014). The RAMP test has also been found to predict higher rates of migration 

failure in coho salmon (Oncorhychus kisutch; Raby et al. 2012). Therefore, the RAMP 

test has been successfully linked to stress and impaired fish movement. However, as the 

test was unable to separate fish with apparently similar levels of high stress in the current 

study, it may be useful to build on the original system of stress scoring I used or 

introduce an alternative. For example, Maynard et al. (2013) used a variety of physical 

indicators for stress, most of which were related to injuries or indications of barotrauma, 

to evaluate stress for largemouth and smallmouth bass at tournaments. They found 

elevated stress levels were correlated to lake temperature, fish size, and livewell transport 

distance. A test that combines measurements of barotrauma, behaviour, and reflexes may 

better capture the wide possible spectrum of stress than the test I used which did not 

appear to be sensitive enough. 

 Delayed mortality of tagged fish was rare except at SL, where it was high (45%). 

I avoided tagging fish that appeared obviously moribund, and stress scores for the tagged 

fish were not excessively high within the available range. Of the fish that were confirmed 

to have died, total RAMP scores were moderate (3-4, maximum possible was 6). 

Previous work has documented a similar lack of correlation between delayed mortality 

and increased reflex impairment (McArley and Herbet 2014). Furthermore, my results 

conflict with the original purpose of the RAMP test to predict morality (Davis 2010). I 

also recorded a range of swimming scores for the delayed mortalities. Five of the nine 
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mortalities had a swimming score of 0, which was the best possible score and meant the 

fish exhibited normal swimming behaviour. Additionally, the highest score for a fish that 

died was 3, a moderate value indicating the fish passively sank. There was a fish at this 

tournament that generated a swimming score of 4, displaying partial equilibrium loss, and 

was still alive at the end of tracking. Of the five fish that died at SL during tagging and 

were removed from the study, two had swimming scores of 5 (the worst score, where fish 

displayed complete equilibrium loss) but the other three had low scores (0-1). Previous 

studies that have used a swim assessment on rainbow trout (Oncorhynchus mykiss) have 

indicated stress has little to no effect on swimming performance (Gregory and Wood 

1999). Furthermore, swimming away to escape is considered the predominant 

behavioural reaction to stress in fish and is therefore likely only impaired by extreme 

physiological stress (Peake et al. 1997). Thus, neither the RAMP nor swimming scores 

reliably predicted walleye immediate or delayed mortality in my application; only a few 

of the scores suggested that the tagged fish were at risk for dying. 

The relationship between mortality rates of tagged fish at SL and those for the 

tournament as a whole is currently unclear. I selected fish non-randomly for tagging, so I 

cannot assume that the delayed mortality rate I observed is directly representative. 

However, the high mortality rate I observed in apparently healthy fish suggests that the 

overall delayed mortality rate for the tournament in general was even higher. SL is the 

only tournament I studied that occurred in summer, and it continues to take place because 

of a grandfather clause excluding pre-existing tournaments from regulations preventing 

competitive fishing events in the months of July and August in Saskatchewan (Section 

11.1, Fisheries Regulations 2015). Given the dates of SL, it is not surprising that it had 
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the highest surface water temperatures (mean 19.1°C). High water temperatures have 

been shown to significantly affect mortality rates of fish at tournaments (Patalas 1996; 

Gingerich et al. 2007). Furthermore, modeling for mortality at this tournament showed 

fish size to be the only important predictor variable, where smaller fish were more likely 

to die. However, the mean size of fish that died was not significantly different from the 

overall mean size for either species. Hoffman et al. (1996) recommended increasing size 

limits as a method for reducing mortality at tournaments, while other research has 

indicated larger fish are more likely to become exhausted to the point of death (Maynard 

et al. 2013). Overall, while I cannot describe the relationship between the delayed 

mortality I observed and overall tournament mortality, my data does tentatively support 

previous work on the effects of water temperature on mortality. 

American white pelicans depredated six of the fish that were confirmed 

mortalities, a phenomenon which has not been documented before. These birds do not 

dive for fish and are generally restricted to foraging for prey in the upper 1.25 m of the 

water column (Anderson 1991). It is therefore likely that rather than true predation, 

pelicans were scavenging for moribund fish that had floated to the surface, or had died 

previously. While uncommon in freshwater systems like the ones I visited, mortality 

resulting from predation is significant following catch-and-release angling in saltwater 

environments. Opportunistic predation by large fish, such as sharks, has been 

documented for Atlantic sailfish (Istiophorus platypterus, Jolley and Irby 1979), tarpon 

(Megalops atlanticus, Edwards 1998), and bonefish (Albula spp., Cooke and Philipp 

2004). My study is the first to observe similar opportunistic depredation of sport fish in 

freshwater environments after catch-and-release and tournaments. Furthermore, my 
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observations of moribund, floating fish, both during the SL tournament and afterwards 

while tracking, suggest that the largest factor affecting their condition was barotrauma. 

This is a condition that is not specific to tournament angling, and rather occurs after 

bringing a fish up from deep waters (Gravel and Cooke 2008). Barotrauma is a common 

problem for catch-and-release angling, though is it is generally worse during summer 

months when fish seek out deeper cooler water. Relief methods for this common 

condition may offer a potential intervention in future years. 

Identifying fish mortality based on lack of movement proved to be unreliable. The 

radio tags I used contained accelerometers, but some fish would remain in one place long 

enough to trigger the Inactive code and then would begin moving again. I had similar 

experiences with fish using acoustic tags, which did not have motion sensors. For 

example, one fish at the NV event moved approximately 2 km and then remained in the 

same place for the rest of the tracking period. I often would note fish that stopped moving 

like this as suspected mortalities. However, an angler caught this fish 14 km away from 

its last known location in healthy condition 12 days after tracking had concluded. Thus, it 

is clear that inactivity is not necessarily a sign of mortality, and there appears to be period 

of recovery some fish require after release. This is in contrast to previous methods where 

fish were considered dead after remaining in the same location for several consecutive 

fixes, though in most cases the last fix was recorded more than a month after release and 

was therefore more certain (Kaintz and Bettoli 2010). Identifying mortality via telemetry 

appears to be difficult because fish may be behaving in an unexpected way and mortality 

cannot be confirmed. 
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3. CHAPTER 3 

Sympatric walleye (Sander vitreus) and sauger (S. canadensis) in large reservoirs: 

variable resource use and overlap across multiple time scales 

 

3.1. INTRODUCTION 

Walleye (Sander vitreus) and sauger (S. canadensis) are closely related species 

that are sympatric over much of their range in North America, but tend to occupy 

different habitats. In general, walleye are more lacustrine compared to the more riverine 

sauger (Scott and Crossman 1973; Bozek et al. 2011a). The two species also occupy 

different parts of the water column; walleye feed in shallower, pelagic areas, compared to 

the deeper, more demersal sauger (Swenson and Smith 1976; Haxton 2015; Sheppard et 

al. 2015). However, walleye and sauger are both top predators that require similar dietary 

resources and will eat the same prey, especially when the species coexist and resources 

are limited (Bellgraph et al. 2008). Therefore, niche overlap is possible, whereby niche 

reflects the full range of habitat and dietary resources used (Swenson and Smith 1976; 

Hutchinson 1991; Sheppard et al. 2015). Dietary overlap between these fish varies by 

aquatic system and is more likely to be similar in riverine habitats than in large lakes 

(Fincel et al. 2015). There is also evidence that interactions between walleye and sauger 

increase in areas where anthropogenic changes to habitat have occurred, such as the 

construction of dams and reservoirs (Rawson and Scholl 1978; Gangl et al. 2000; 

Bellgraph et al. 2008). However, the circumstances leading to variation in resource use 

and niche overlap are poorly understood. 
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 Levels of resource use overlap by walleye and sauger potentially vary at different 

ages. Both species spawn at similar times (April-June) and use gravel substrates in the 

shallows of rivers and lakes for egg deposition (Nelson and Walburg 1977; Bozek et al. 

2011a; Bozek et al. 2011b). Sympatric populations often migrate to and use the same 

shoals of gravel to spawn (Bellgraph et al. 2008). In such situations, substantial resource 

use overlap could theoretically begin early in life, and persist across several stages of 

development. Larval walleye and sauger, for example, feed on similar resources, such as 

zooplankton, as they become free swimming and move away from spawning grounds 

(Chipps and Graeb 2011). However, despite apparent similarity in early ages, there has 

been no measurement of resource use overlap during these periods. Furthermore, as 

walleye and sauger grow, they undergo similar ontogenetic shifts to diets consisting of 

benthic invertebrates and then fish (Nelson 1968; Fox and Flowers 1990; Kolar et al. 

2003; Hoxmeier et al. 2004). It is likely during the change to a piscivorous diet that major 

habitat use differences occur, although this has also not been investigated. To date, the 

resource use overlap by adult, sympatric walleye and sauger has only been described 

using stomach content analysis (Swenson 1977; Bellgraph et al. 2008; Sheppard et al. 

2015), which limits temporal perspectives on resource use. Walleye tend to be larger than 

sauger and appear to be more flexible in their habitat use (Mittelbach and Persson 1998; 

Johnston et al. 2012). These traits may allow walleye to exploit a wider range of prey, 

and thereby exhibit a larger niche than the more constrained sauger. However, we 

currently lack any perspective on how the dietary niche of these species compare across 

ages. 
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Stable isotope analysis (SIA) offers quantitative insight into the resource use of 

populations of coexisting species. SIA provides the opportunity to describe and quantify 

trophic interactions between sympatric species, as well as food web structure (Leibold 

1995; Jackson and Britton 2013; Staudinger et al. 2014; Eberts et al. 2016). Carbon and 

nitrogen isotopes are most commonly used to describe ecological niches, as they are 

passed from food source to consumer with characteristic trophic enrichment (France 

1995; Perga and Gerdeaux 2003). The isotopic niche can then be quantified in two-

dimensional space using δ13C and δ15N values (e.g., Abbey-Lee et al. 2013; Berkström et 

al. 2013; Hayden et al. 2014a). Isotopic niches effectively represent both the identity and 

diversity of resource use (Newsome et al. 2007). Furthermore, Bayesian metrics using 

standard ellipses are especially well suited for statistically comparing resource use among 

individuals and populations (Jackson et al. 2011). To date, SIA of walleye is limited 

(Overman and Parrish 2001; Fincel et al. 2012), and only basic comparisons of walleye 

and sauger trophic similarity have been undertaken (description of similarity in δ13C and 

δ15N values, no niche metrics; Fincel et al. 2015). Consequently, there is a need to more 

fully examine and describe the niche dynamics of these species when they co-occur. 

Analysis of tissues with different turnover rates provides a multi-temporal scale 

perspective on resource use (Dalerum and Angerbjörn 2005). Soft tissues like liver (days 

to weeks) and muscle (months) can be used to compare recent resource use of individuals 

or populations (Tieszen et al. 1983; Perga and Gerdeaux 2003). Tissues with longer 

turnover times can represent resource use over a time frame of years (Krueger and 

Sullivan 1984; Hobson and Sease 1998; Clementz 2012). Many hard tissues grow 

incrementally such that layers are deposited during periods of fast and slow growth; these 
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layers may be used to assess resource use during particular time periods (Hobson and 

Sease 1998; Campana and Thorrold 2001; Overman and Parrish 2001; Morbey et al. 

2007). In fish, scales and otoliths are most commonly used to quantify long-term resource 

use (Wainwright et al. 1993; Perga and Gerdeaux 2003; Hutchinson and Trueman 2006; 

Morbey et al. 2007), though opercular bones have also recently been analyzed (Syväranta 

et al. 2008; Eberts et al. 2016). The use of multiple tissues to compare resource use of 

walleye and sauger at several temporal scales has not been undertaken. 

SIA provides the opportunity to quantify niches of individuals within a 

population. The overall niche of a population comprises biotic and abiotic interactions, 

while individuals within the population may be heterogeneous in their use of varying 

resources and conditions (Bolnick et al. 2010). It is therefore important to not only 

quantify the overall niche of a population, but also how individuals contribute to that 

niche (Araújo and Gonzaga 2007). Multi-tissue analysis is useful for such an approach, 

where several measurements from the same individual over different time scales can give 

a comprehensive perspective on niche (e.g., Knoff et al. 2008; Fincel et al. 2012; Heady 

and Moore 2013; Vander Zanden et al. 2013; Eberts et al. 2016). To fully understand how 

the niches of walleye and sauger compare when the species co-occur, quantifying 

individual niches within a population is necessary (Baccante et al. 2011). 

My purpose was to compare resource use of sympatric populations of walleye and 

sauger in central Canada using carbon and nitrogen stable isotopes. I focused on two 

large and economically important reservoirs in Saskatchewan, where walleye and sauger 

co-occur in environments that were extensively altered by the construction of dams 

(Royer 1972; Wallace et al. 2010). My overall objectives were to compare resource use 
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between walleye and sauger at multiple ages, as well as to determine how individuals 

contribute to population niches. I hypothesized that niche size would vary with species, 

and predicted that walleye would have different and larger niches than the more 

constrained sauger as adults. I also predicted that the niches of both species would be 

similar in size and composition at earlier ages. 

 

3.2. MATERIALS & METHODS 

3.2.1. Study sites & fish collection.− I worked with the organizers of catch-and-release 

tournaments to capitalize on extensive angler efforts to sample walleye and sauger at my 

study sites. I collected tissues from fish for SIA exclusively from mortalities that resulted 

from tournament activities. As such, my sampling was inherently biased towards fish 

susceptible to angling and occupying habitats targeted by tournament contestants. 

However, tournaments process large numbers of fish (1,200 – 1,600 in a weekend) of all 

sizes from within extensive boundaries; thus, they are likely representative of the lake 

area sampled. I targeted three major lakes in Saskatchewan during 2014 and 2015 (Table 

3.1; Fig. 3.1). Fish were sampled at the Saskatchewan Landing Walleye Tournament held 

on Lake Diefenbaker in July (2014, 2015), the Nipawin Vanity Cup held on Tobin Lake 

in October (2014, 2015), and the Saskatchewan Premier’s Walleye Cup on Tobin Lake in 

August (2014). Both tournaments on Tobin Lake were held in the same location with 

identical boundaries. Additionally, walleye were sampled from the Last Mountain Fall 

Classic on Last Mountain Lake in September (2015) to provide niche data for this species 

in the absence of sauger and in a natural lake. Study sites are hereafter referred to by lake, 

not tournament (Lake Diefenbaker = DF; Tobin Lake = TB; Last Mountain Lake = LM). 
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Table 3.1. Summary information for the four tournaments that provided fish tissue 

samples for this study. The maximum number of teams that could register for the event 

(Max. teams) is listed, as well as the area of the fishing zones within tournament 

boundaries (km2). This area constitutes the section of the lake sampled. 

Tournament Name of lake Month / Year(s) Max. teams Area (km2) 
Saskatchewan 
Landing 
Walleye 
Tournament 
 

Lake Diefenbaker 
(DF) 

July / 2014, 2015 125 68 

Nipawin Vanity 
Cup 
 

Tobin Lake (TB) October / 2014, 
2015 

160 25 

Saskatchewan 
Premiers 
Walleye Cup 
 

Tobin Lake August / 2014 160 25 

Last Mountain 
Fall Classic 

Last Mountain 
Lake (LM) 

September / 2015 120 40 
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Figure 3.1. Locations of the three lakes in Saskatchewan, Canada where walleye and 

sauger were sampled from angling tournaments. Abbreviations of lakes are: DF = Lake 

Diefenbaker; LM = Last Mountain Lake; TB = Tobin Lake. Arrows indicate the area of 

the lake where the tournaments were held. Inset maps provide more detailed images of 

the lakes and boxed sections depict the area sampled by anglers. 

DF 

TB 

Regina 

Saskatoon 

150 km 

DF 

TB 

DF LM 

TB 

DF 

LM TB 



! 66 

Lake Diefenbaker (51°01’N 106°50’W) is a large reservoir (max. length = 225 

km; max. width = 6 km; surface area = 430 km2) created by two dams on the South 

Saskatchewan and Qu’Appelle Rivers; it supports 26 fish species (State of Lake 

Diefenbaker, 2012). The lake has a mean depth of 21.6 m (maximum 66 m); the area 

where the Saskatchewan Landing tournament occurs is the most riverine portion of the 

lake. Walleye and sauger occur throughout the lake, which is known to produce hybrids 

between the two species (saugeye). Tobin Lake (53°35’N 103°30’W) is a large reservoir 

with a surface area of 228 km2 and a mean depth of 8 m (maximum 26.4 m; Durbin 

1981). The reservoir is composed of two unique basins: the more southern is riverine 

while the northern is larger and more lacustrine. Both Tobin Lake tournaments were held 

on the riverine portion. Tobin Lake supports 25 species of fish and is home to one of the 

most valuable walleye sport fisheries in the province. Similar to Lake Diefenbaker, both 

walleye and sauger occur in Tobin Lake and hybrids have been reported. Last Mountain 

Lake (51°06’N 105°15’W) is southern Saskatchewan’s largest natural waterbody.  This 

long, narrow prairie lake (max. length = 93 km; max. width = 4.5 km; surface area = 233 

km2) supports a variety of fish species, including walleye but not sauger, and has a mean 

depth of 7.6 m (maximum 31.5 m). I chose to include walleye from this location to 

provide some perspective on the niche of walleye in the absence of sauger in a lake that is 

part of the same river system as both reservoirs. 

 

3.2.2. Multi-tissue processing & analyses.− Total length and mass were measured for all 

fish, and dorsal muscle and liver samples were collected for SIA. Additionally, both 

opercular bones were taken for SIA and to estimate minimum age (Le Cren 1947). The 



! 67 

muscle and liver samples were rinsed with distilled water, dried in a drying oven at 50°C 

for 72 hours, ground to a fine powder using a dental amalgamator, and weighed (0.5-1.0 

mg) into tin capsules for mass spectrometry analysis. 

I chose opercula from both species of fish for SIA that were at least 5 years old 

and showed clear and distinct annuli. To compare resource use during several distinct 

time periods, I segregated desired age sections for analysis following the methods of 

Eberts et al. (2016). I etched three age segments into each operculum along the annuli 

using a scalpel as follows: (1) year 1, all bone from the origin to the first annulus; (2) 

years 2-4, all bone from the first to the fourth annulus; and (3) years 5+, all bone from the 

fourth annulus onward (Fig. 3.2). Once etched, the opercula were soaked in distilled 

water overnight (12-14 hours) until soft. Each age segment was cut out using dissecting 

scissors and then cut into small pieces. Bone samples were decalcified with 1.2N HCl 

(Perga and Gerdeaux 2003) to remove inorganic carbon, rinsed twice with distilled water, 

and dried in a drying oven at 50°C for 72 hours. Finally, the years 2-4 and 5+ bone 

segments were ground to a fine powder using a dental amalgamator and samples were 

weighed (0.5-1.0 mg) into tin capsules. Year 1 bone segments were too small to be 

ground, so I analyzed a small piece of the sample from closest to the origin, which 

represented the earliest possible section of growth. This section was weighed whole (0.3-

1.0 mg) into tin capsules; all bone samples were analyzed using mass spectrometry. 

All samples were analyzed for carbon (C) and nitrogen (N) stable isotopes using 

the facilities of the Institute of Environmental Change and Society (IECS) at the 

University of Regina with a Thermo Finnigan Delta V isotope ratio mass spectrometer.  
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Figure 3.2. Example of walleye operculum showing an illustration of the three age 

segments used for stable isotopes analysis. These sections are: (A) years 0-1; (B) years 2-

4; and (C) years 5+. In this example, the fish was determined to be 14 years old, so 

section (C) includes years 5-14. All material outside the dotted line, which is lateral bone 

growth and the origin, was not included in the analysis. 
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Laboratory standards of wheat and bovine liver, unknowns, and replicates of standards 

and unknowns were all run in each batch of samples. Replicates of unknowns and 

standards differed by less than 0.2‰. Isotope values are reported as delta values 

(δ13CVPDB and δ15NAIR) in units of per mil (‰) (Bond and Hobson 2012). δ13C values for 

muscle and liver samples were arithmetically corrected for lipids when C/N ratios were 

>3.5 following the methods of McConnaughey and McRoy (1979). 

 

3.2.3. Statistical analyses.− Isotopic niches were quantified using δ13C and δ15N values 

with standard ellipses, which contain the core 40% of data points (Jackson et al. 2011). 

Standard ellipse area (SEA) was compared between species at each sampling location for 

each of the five tissue samples (liver, muscle, and three bone sections). The five tissue 

values were then used to produce individual standard ellipses for each fish. All SEA were 

corrected for small sample size (SEAC) (Jackson et al. 2011). I used SEAC to calculate 

the degree of isotopic niche overlap for all ellipses (population and individual level), 

which represented a quantitative measure of dietary similarity. One-way Analysis of 

Variance (ANOVA) was used to test for differences among niche metrics (p ≤ 0.05). If a 

significant main effect was obtained, a post-hoc Tukey test was used to identify specific 

pair-wise differences. 

 I compared resource use diversity among populations by statistically comparing 

niche sizes using Bayesian ellipses in R (SIBER; Jackson et al. 2011). All population 

level standard ellipses for walleye and sauger had a SEA calculated with 10,000 

replications. This produced a Bayesian SEA (SEAB) paired with niche size uncertainty. 

This measurement allowed us to test the probability that one standard ellipse (and thus 
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isotopic niche) was larger than another (significant probability: P ≥ 0.95; Jackson et al. 

2011). All statistical analyses were conducted in R Project for Statistical Computing 3.3.0 

(R Development Core Team 2016), using the Stable Isotope Analysis in R (SIAR) 

package (version 4.2; Parnell and Jackson 2015). 

 

3.3. RESULTS 

I collected muscle and liver tissues from a total of 156 walleye from three lakes and 75 

sauger from two lakes in Saskatchewan (Table 3.2). Total length of walleye varied 

among lakes (Table 3.2; ANOVA, F(2,153)=12.11, p<0.001); post-hoc testing revealed 

that fish were significantly larger at LM than at DF and TB. Sauger were significantly 

larger at DF than TB (Table 3.2; ANOVA, F(1,73)=26.46, p<0.001). A subset of 99 fish 

was used for operculum analysis and the creation of individual isotopic niches (19 

walleye, 20 sauger from DF; 20 walleye, 20 sauger from TB; 20 walleye from LM). 

Mean age of walleye used for bone SIA from all three locations were not significantly 

different (TB: 9.5±3.6 years, max=16 years; DF: 8.7±1.3 years, max=12 years; LM: 

9.5±2.9 years, max=17 years respectively; ANOVA, F(2,56)=0.47, p=0.63). Sauger from 

DF were significantly older than those from TB (DF: 9.1±1.4 years, max=12 years; TB: 

6.9±1.7 years, max=12 years; ANOVA, F(1,38)=19.24, p<0.001). This corresponds to 

their larger mean size. 

 

3.3.1. Niche overlap.− For all tissues, walleye from DF had lower mean δ 13C values and 

higher δ 15N values compared with sauger (Table 3.3; Fig. 3.3a-e). In contrast, walleye 

from TB had lower δ 15N values than sauger (Table 3.3; Fig. 3.4a-e). δ 13C values for the 
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Table 3.2. Walleye and sauger sampled for liver, muscle, and opercular bones from three 

lakes in Saskatchewan (DF = Lake Diefenbaker; TB = Tobin Lake; LM = Last Mountain 

Lake) during 2014 and 2015. Mean values for total length, mass, and age are given ±SD. 

Ages were determined using both opercula; if the ages were different, the lower age was 

used. 

 Total Length (mm) Mass (g) Age (years) 
DF     
  Walleye     
      2014 20 471.0±86.6 1027.5±673.7 7.2±2.1 
      2015 31 466.5±47.9 875.8±301.2 6.9±1.7 
  Sauger     
      2014 18 447.5±42.0 780.6±258.9 8.0±1.8 
      2015 28 464.5±39.0 771.4±240.6 8.7±1.7 
TB     
  Walleye     
      2014 35 421.0±90.8 840.0±910.0 5.6±2.4 
      2015 31 453.9±127.6 1209.7±1300.3 6.6±3.7 
  Sauger     
      2014 5 413.0±51.9 744.0±310.8 5.8±0.8 
      2015 24 403.1±47.8 655.8±289.0 6.1±2.1 
LM     
  Walleye     
      2015 39 536.8±122.3 1980.8±1328.2 7.2±3.2 
 

 

 

 

 

 

 

 

 



! 72 

two species at TB were similar (Table 3.3; Fig. 3.4a-e). Comparisons between species for 

all three locations indicate δ 13C values for liver and muscle were always lower compared 

to bone samples (Table 3.3). 

Walleye and sauger niche overlap at DF was highest for liver and muscle, each at 

19%. In comparison, niche overlap was much lower for the three sections of operculum, 

with 3% overlap for years 0-1, 10% for years 2-4, and 8% for years 5+. At TB, niche 

overlap between walleye and sauger was more variable but generally higher. The lowest 

overlap was for muscle (9%), while the highest was for liver (31%). Niche overlap for the 

three bone segments was intermediate (years 0-1: 18%, years 2-4: 18%, years 5+: 13%). I 

also quantified overlap between the total niches created by all tissue values for both 

species. The overall overlap of walleye and sauger niches at DF was 15% (Fig. 3.6), 

contrasting with the much higher overlap of 32% at TB (Fig. 3.7). 

 

3.3.2. Niche size.− Isotopic niche breadth analysis (SEAC) of fish from DF indicated that 

niche sizes based on analysis of liver and muscle were similar for both species (liver: 

P=0.93, muscle: P=0.78; SEAC, Table 3.3; Fig. 3.3a, b). In contrast, isotopic niches for 

sauger were larger than walleye for all three bone segments with a significant probability 

(P=1.00; 0-1: 4.2x larger, 2-4: 5.3x, 5+: 3.5x; SEAC, Table 3.3; Fig. 3.3c-e). Relative 

niche size between walleye and sauger varied with tissue in TB. SEAC estimates for 

walleye were significantly larger than sauger for muscle but not significantly different for 

liver (muscle: P=0.99; liver: P=0.69; SEAC, Table 3.3; Fig. 3.4a, b). Conversely, 

differences in SEAC between walleye and sauger were not significant for bone segments 

0-1 and 2-4, while walleye had a significantly larger isotopic niche compared to sauger 
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for the 5+ bone segment (0-1: P=0.86, 2-4: P=0.58, 5+: P=0.99; SEAC, Table 3.3; Fig. 

3.4c-e). Only walleye were sampled from LM and the niche size of all sample types was 

similar, except for the year 0-1 sample, which was 2.8x larger than the next largest SEAC 

(SEAC, Table 3.3; Fig. 3.5a-e). 

I created one total standard ellipse for both species using all tissue values. The 

total niche size of sauger was significantly larger than walleye at DF (P=0.98; Pop SEAC, 

Table 3.4; Fig. 3.6). In contrast, total ellipses at TB revealed walleye had a larger niche 

than sauger (P=1.00; Pop SEAC, Table 3.4; Fig. 3.7). The total niche size of walleye at 

LM was 2x larger than walleye at DF and 1.5x larger than walleye at TB (Pop SEAc, 

Table 3.4; Fig. 3.8). 

 

3.3.3. Individual niches.− I quantified individual lifetime niches using all five tissue 

samples for 59 walleye from three lakes and 40 sauger from two lakes. At DF, individual 

niche size was similar for both species (Table 3.4; ANOVA, F(1,37)=0.51, p=0.47). 

Intra-specific niche overlap among individual walleye was significantly higher (14.5% ± 

10.9%) than that for sauger (11.3% ± 10.5%), as well as inter-specific overlap among 

individuals of the two species (9.7% ± 10.4%; Fig. 3.6; ANOVA, F(2,738)=12.39, 

p<0.001). In contrast, niche size for individual walleye and sauger at TB differed; 

walleye had significantly larger niches (Table 3.4; ANOVA, F(1,38)=6.47, p=0.015). In 

general, individual niche overlap was also higher at this lake, regardless of comparison. 

Intra-specific overlap for walleye (15.3% ± 10.7%) was significantly lower than that for 

sauger (18.7% ± 10.9%). Inter-specific overlap among individuals of both species (15.9% 

± 11.6%) was similar to that of walleye, and significantly lower than for sauger (Fig. 3.7;  
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Table 3.3. Stable isotopes data summary for walleye and sauger sampled from three 

lakes in Saskatchewan (DF = Lake Diefenbaker; TB = Tobin Lake; LM = Last Mountain 

Lake) during 2014 and 2015. Isotopic values are presented as mean ± SD in per mil (‰) 

with associated C/N ratios. Standard Ellipse Area (SEAC) describes the isotopic niche 

size (‰2); δ13C values are lipid corrected. 

 δ13C (‰) δ15N (‰) C/N SEAC (‰2) 
DF     
  Walleye     
      Liver −28.6±0.8 +18.3±1.1 7.1±1.6 2.61 
      Muscle −27.6±0.9 +18.8±0.8 3.8±0.2 2.08 
      Years 0-1 −25.7±0.5 +18.3±0.5 3.4±0.2 0.72 
      Years 2-4 −25.4±0.2 +18.6±0.6 3.4±0.1 0.51 
      Years 5+ −25.5±0.3 +18.6±0.6 3.3±0.1 0.56 
  Sauger     
      Liver −27.6±1.3 +17.7±0.9 6.6±1.6 3.60 
      Muscle −27.0±0.7 +18.1±0.8 3.8±0.1 1.73 
      Years 0-1 −25.1±1.0 +16.9±1.1 3.5±0.2 3.00 
      Years 2-4 −24.6±1.1 +17.3±1.5 3.3±0.1 2.70 
      Years 5+ −24.9±0.7 +17.6±1.0 3.3±0.1 1.96 
TB     
  Walleye     
      Liver −27.3±0.8 +16.7±1.1 7.9±2.5 2.94 
      Muscle −26.4±0.5 +17.3±0.8 3.8±0.1 1.30 
      Years 0-1 −24.4±0.8 +16.2±0.9 3.4±0.1 2.30 
      Years 2-4 −24.1±0.7 +16.4±0.8 3.3±0.1 1.82 
      Years 5+ −24.1±0.7 +17.1±0.9 3.4±0.1 1.95 
  Sauger     
      Liver −27.5±1.0 +17.2±0.9 9.3±4.0 2.57 
      Muscle −26.4±0.3 +18.2±0.6 3.9±0.1 0.54 
      Years 0-1 −24.9±0.7 +16.7±0.6 3.5±0.3 1.49 
      Years 2-4 −24.3±0.8 +17.2±0.7 3.4±0.1 1.68 
      Years 5+ −24.6±0.4 +17.6±0.6 3.3±0.1 0.68 
LM     
  Walleye     
      Liver −24.8±0.7 +14.7±0.6 10.0±4.4 1.49 
      Muscle −23.8±0.5 +16.1±0.6 3.8±0.1 0.84 
      Years 0-1 −21.0±1.3 +14.1±1.3 3.4±0.1 4.73 
      Years 2-4 −20.6±0.9 +14.2±0.7 3.4±0.1 1.66 
      Years 5+ −21.0±1.2 +15.5±0.5 3.4±0.1 1.65 
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Table 3.4. Niche metrics for individual walleye and sauger in three Saskatchewan lakes 

(DF = Lake Diefenbaker; TB = Tobin Lake; LM = Last Mountain Lake). Mean individual 

niche size (Ind. mean SEAC) was calculated using SEAC values from individual standard 

ellipses for 59 walleye and 40 sauger. The population value (Pop. SEAC) represents the 

niche size of the population using all five sampled tissues. The mean percentage of the 

total population niche used by individual walleye and sauger is indicated. 

 Ind. mean SEAC      
(± SD) 

Pop. SEAC Mean % of total 

DF    
  Walleye 2.3±1.0 3.11 23.1±7.5 
  Sauger 2.6±1.4 4.16 19.8±11.7 
TB    
  Walleye 5.1±2.6 5.50 24.7±8.2 
  Sauger 3.4±1.5 3.76 26.9±9.4 
LM    
  Walleye 8.0±3.9 6.95 30.9±11.1 
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Figure 3.3. Walleye (triangles; black ellipses) and sauger (circles; grey ellipses) δ13C and 

δ15N values in units per mil (‰) for: (a) liver, (b) muscle, (c) years 0-1 bone segment, (d) 

years 2-4 bone segment, and (e) years 5+ bone segment for fish sampled from Lake 

Diefenbaker (Walleye n=51, Sauger n=46). Values for bone segments represent the 

organic fraction only. Standard ellipses are plotted using the data points for walleye and 

sauger to describe isotopic niche. Convex hulls (dashed) outline all data points for each 

species. Ranges on both axes are the same. 
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Figure 3.4. Walleye (triangles; black ellipses) and sauger (circles; grey ellipses) δ13C and 

δ15N values in units per mil (‰) for: (a) liver, (b) muscle, (c) years 0-1 bone segment, (d) 

years 2-4 bone segment, and (e) years 5+ bone segment for fish sampled from Tobin 

Lake (Walleye n=66, Sauger n=29). Values for bone segments represent the organic 

fraction only. Standard ellipses are plotted using the data points for walleye and sauger to 

describe isotopic niche. Convex hulls (dashed) outline all data points for each species. 

Ranges on both axes are the same. 
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Figure 3.5. Walleye δ13C and δ15N values in units per mil (‰) for: (a) liver, (b) muscle, 

(c) years 0-1 bone segment, (d) years 2-4 bone segment, and (e) years 5+ bone segment 

for fish sampled from Last Mountain Lake (n=39). Values for bone segments represent 

the organic fraction only. Standard ellipses are plotted using the data points for walleye to 

describe isotopic niche. Convex hulls (dashed) outline all data points. Ranges on both 

axes are the same. 
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Figure 3.6. All tissue values (muscle, liver, and three bone segments) combined to 

quantify individual isotopic niches for walleye (thin black ellipses; n=19) and sauger 

(thin red ellipses; n=20) at Lake Diefenbaker. Total population isotopic niches are 

indicated for walleye (thick black ellipse) and sauger (thick red ellipse). Convex hulls 

(dashed) outline all data points for total population ellipses only. 
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Figure 3.7. All tissue values (muscle, liver, and three bone segments) combined to 

quantify individual isotopic niches for walleye (thin black ellipses; n=20) and sauger 

(thin red ellipses; n=20) at Tobin Lake. Total population isotopic niches are indicated for 

walleye (thick black ellipse) and sauger (thick red ellipse). Convex hulls (dashed) outline 

all data points for total population ellipses only. 
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Figure 3.8. All tissue values (muscle, liver, and three bone segments) combined to 

quantify individual isotopic niches for walleye (thin black ellipses; n=20) at Last 

Mountain Lake. Total population isotopic niche is indicated for walleye (thick black 

ellipse). Convex hull (dashed) outlines all data points for total population ellipse only. 
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ANOVA, F(2,777)=6.39, p=0.0018). Mean niche size of individual walleye at LM was 

3.5x larger than walleye at DF and 1.5x larger than walleye at TB (Ind Mean SEAC, 

Table 3.4). Intra-specific overlap among individual walleye was also higher at 24.2% ± 

12.5% (Fig. 3.8). 

Finally, I calculated the average proportion of the total population niche that 

individual fish used at each lake (Table 3.4). Individual walleye at DF used significantly 

less of the total population niche than walleye at LM, while walleye at TB were not 

significantly different from either location (ANOVA, F(2,56)=4.10, p=0.0217). 

Individual sauger at DF used significantly less of the total population niche than sauger at 

TB (ANOVA, F(1,38)=4.53, p=0.0398). Both species at DF and TB used similar 

proportions of their population niche (DF: ANOVA, F(1,37)=1.05, p=0.3117; TB: 

ANOVA, F(1,38)=0.68, p=0.4150). 

 

3.4. DISCUSSION 

3.4.1. Niche overlap.− Walleye and sauger exhibited consistent niche partitioning at all 

time scales based on our analysis from both reservoirs. Significant niche overlap between 

species based on SIBER metrics (SEAC) has been defined as greater than 60%, which 

indicates potential for diet competition (Guzzo et al. 2013). All niche overlap values 

quantified in the current study, regardless of tissue type or lake, were much lower than 

60%. Thus, walleye and sauger were spatially and ecologically segregated at all ages 

(Haxton 2015). I predicted that niche overlap would be minimal among adult fish of both 

species (based on muscle, liver, and years 5+ bone), as they likely co-exist via niche 

partitioning during this time period (Ali and Anctil 1977; Keough et al. 1996; Bellgraph 
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et al. 2008; Bozek et al. 2011a). Though the fish I sampled were caught in similar areas 

of the lake, they likely partition water depths and target prey species found at those 

depths (Haxton 2015; Sheppard et al. 2015). In contrast, I expected niche overlap to be 

much more extensive at the earlier ages analyzed (years 0-1 bone layers), when fish are 

similar in size and more likely to occupy similar habitats and consume similar prey 

(Bozek et al. 2011b). The understanding of walleye and sauger feeding ecology during 

their early life history is limited (Chipps and Graeb 2011), and currently I can only offer 

several potential explanations for the unexpected lack of overlap based on analysis of the 

0-1 bone layer. Walleye and sauger may actually begin consistent ecological segregation 

at a very young age, or their major ontogenetic dietary shift occurs early in life and the 0-

1 layer of the operculum represents different patterns in the two species. It is also 

possible that the operculum is not biologically inactive and the entire structure continues 

to incorporate more recent isotopic information. Unfortunately, I am unable to distinguish 

among these possible explanations. 

Levels of niche overlap between walleye and sauger differed substantially in the 

two study systems. I expected to observe similar levels of niche overlap at both locations, 

as high dietary overlap has been described in riverine reservoir environments previously 

(Fitz and Holbrook 1978; Mero 1992; Bellgraph et al. 2008). However, my data showed 

that overlap of the total niches of walleye and sauger was more than double at TB (32%), 

compared to DF (15%). Diet overlap between these species has been shown to vary with 

environmental conditions and habitat structure, as well as baseline and prey fish 

composition, which may explain the differences I observed (Fincel et al. 2015; Sheppard 

et al. 2015). The general habitat and size of the reservoirs I sampled also differed. TB is a 
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smaller lake and offers less habitat heterogeneity, especially in the area where anglers 

sampled; this would suggest a lower possibility for niche partitioning. The species 

composition in the two reservoirs is very similar, with mostly suckers and shiners as 

small prey fish and the same species of larger, predatory fish (Durbin 1981; State of Lake 

Diefenbaker 2012). However, the relative abundance of these species in the reservoirs is 

unknown. Ultimately, overlap between walleye and sauger differed with reservoir, but the 

precise differences in the reservoirs that caused varying niche overlap need to be 

investigated to facilitate broader generalization. 

 Based on isotope values, walleye were feeding at higher trophic positions 

compared to sauger at DF and lower trophic positions at TB. Previous research has 

shown that trophic position, both within and between populations in different lakes, can 

be variable (Trippel and Beamish 1993; Vander Zanden and Rasmussen 1996). 

Variability across lakes can largely be explained by differences in the lakes, while 

variability within lakes reflects the extent of differences in individual foraging (Vander 

Zanden et al. 2000). Differences in mean δ 15N values within locations, such as I describe, 

may also imply differences in diet composition (Fincel et al. 2015). I also observed an 

interesting pattern where the δ13C values of liver and muscle were always lower (more 

depleted) than those of the three bone segments, regardless of location. Previous work 

has shown similar patterns, where soft tissues like muscle were more δ13C-depleted than 

hard tissues, like scales (Fincel et al. 2012; Heady and Moore 2013). These differences 

are likely reflective of differences in tissue specific discrimination (Schmidt et al. 2004). 

The values also reflect specific periods of time; in this study, soft tissues represent a short 

time window during summer feeding, while hard tissues represent the average resource 
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use of fish as they make movements to other habitats throughout the year (Guzzo et al. 

2013). 

 

3.4.2. Niche size.− In contrast to my prediction that sauger would have consistently 

smaller niches than walleye, relative niche size for the two species varied by location. My 

data showed that in DF, the niche size of sauger was significantly larger than that of 

walleye for bone samples, as well as for the combined analysis of all tissue types. In 

contrast, niche size in TB was similar for the two species for three of the tissue types, but 

walleye had significantly larger niches based on muscle, the year 5+ bone segment, and 

the combined analysis of all tissues. My prediction about relative niche size was based on 

sauger being more constrained in their use of specific habitats and prey (e.g., Bozek et al. 

2011a; Johnston et al. 2012). Based on my SIA, sauger may be more flexible than 

previously considered, and in this case consistently use more diverse resources than 

walleye over significant periods of time in DF. Other niche size comparisons for these 

two species have not previously been undertaken, but general diet studies have indicated 

that walleye do not always exhibit the high flexibility in resource use that is expected 

(Hobson et al. 2012; Herbst et al. 2016). Sauger have been shown to exhibit high levels 

of variation in their diet in certain environments, including reservoirs (Fincel et al. 2015). 

Furthermore, sauger have differences in the structure of their retina, compared with 

walleye, which may allow them to forage more efficiently under reduced light conditions 

and enable them to exploit a wider variety of prey (Ali and Anctil 1977; Swenson 1977). 

Overall, I found that niche size can vary with location and sauger can exhibit larger 



! 89 

niches than walleye in some situations. However, it is unclear what factors contributed to 

this variable niche size. 

I also predicted the niche size of both species would be most similar during earlier 

ages, when the fish are comparable in size (Bozek et al. 2011b). As the fish aged, I 

expected niche size to differ more, reflecting the tendency for ecological segregation as 

the two species undergo ontogenetic shifts. My data showed that in DF, sauger had a 

significantly larger niche size than walleye for the bone section representing the earliest 

stage of life, as well as for the two bone sections representing the later ages of the fish. 

Additionally, niche sizes in this reservoir for muscle and liver, which characterized 

different levels of short-term resource use, were similar. In contrast, niche sizes in TB 

were similar for the first two time periods (years 0-1 and 2-4), but walleye exhibited 

larger niches for the years 5+ and muscle samples. Thus, my findings were more 

consistent with my predictions at one reservoir (TB) than the other (DF). While niche 

size of these species has not been compared previously at the early ages I examined, there 

are potential differences in spawning that may explain the unexpected findings at DF. 

The populations I sampled may not spawn in the same location, so the resource use of fry 

and juvenile fish would be naturally different based on available prey and baseline at 

each location (Ross 1986; De la Morinière et al. 2003; Kolar et al. 2003). Alternatively, if 

the populations are spawning in the same area, sauger tend to spawn later in the spring 

than walleye, when there may be a higher abundance of available resources (Scott and 

Crossman 1973; Nelson and Walburg 1977; Bethea et al. 2004). Finally, there is the 

possibility that the sections of bone sampled here are not biologically inactive, and may 

actually reflect resource use during later time periods rather than those expected. 
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3.4.3. Individual niches.− Niche breadth and overlap of individual walleye and sauger 

varied among locations. The mean niche breadth of both species at DF were similar, 

while walleye at TB had significantly larger mean niche sizes than sauger. It is interesting 

that while individual fish at TB followed patterns in niche breadth exhibited by the total 

population, individual walleye and sauger at DF used similar sized niches, even though 

the overall niche of sauger was larger than that of walleye at this lake. This suggests that 

the sauger population in DF was made up of more individuals behaving uniquely in terms 

of resource use (Beaudoin et al. 1999; Bolnick et al. 2002; Anderson et al. 2009; Bolnick 

et al. 2010). Niche overlap was also highly variable among locations. My data showed 

that at DF, individual walleye overlapped most with other walleye, as expected. In 

comparison, sauger overlapped as much with walleye as they did with other sauger. In 

contrast, sauger at TB overlapped most with each other, while walleye were more likely 

to overlap with sauger than they were with other walleye. At LM, inter-specific walleye 

overlap was the highest of all locations, suggesting a possible difference in resource use 

by walleye that do not co-occur with sauger. The variation I saw in niche size and overlap 

among individuals is likely a reflection of differences in diet composition between study 

lakes (Sheppard et al. 2015). For example, walleye are largely piscivorous but will 

supplement their diet with invertebrates based on availability (Chipps and Graeb 2011). It 

is possible some individuals within these populations were supplementing their diet with 

other prey sources. Ultimately, I observed individuals within populations acting 

differently among the study lakes, but the precise reasons for why this occurred require 

further study. 



! 91 

 The extent individual walleye and sauger contributed to the population niche also 

varied by reservoir. Walleye at DF contributed significantly less to the population niche 

than walleye at LM, while walleye contributions at TB were not different from the other 

lakes. Sauger at DF contributed significantly less to the population niche than sauger at 

TB. Therefore at DF, I saw the highest degree of fish using different resources compared 

to the total population. Both walleye and sauger are considered opportunistic feeders, 

meaning they eat what is available rather than searching out a specific prey source 

(Chipps and Graeb 2011). My data reflect this notion; individual fish may only partially 

overlap with the population niche because they feed opportunistically and therefore are 

not always using similar resources to the population as a whole (Grey 2001). Fish may 

also be moving to, and feeding in, locations with different baseline isotopic values (Barks 

et al. 2010; Bugajski et al. 2013). The differences I saw by location suggest that at DF, 

where individual contributions by both species were lowest, fish have a wider diversity of 

prey to feed on. In contrast, I found higher contributions to the population niche at TB, 

where perhaps there is a lower diversity of prey or habitats. 

 

3.4.4. Differences among study sites.− The reservoirs studied here are connected through 

the greater Saskatchewan River system, and superficially are similar in terms of their 

structure and general characteristics. However, location-specific features may account for 

some of the differences observed in walleye and sauger niche. Lake Diefenbaker is 

approximately two times larger than Tobin Lake, and is also three times deeper on 

average. This difference in size and depth may provide more opportunity for both species 

to select different (and possibly more preferred) habitats in Lake Diefenbaker (e.g., 
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Seehausen and Bouton 1997), and may also explain why sauger had larger niches and 

greater individual variability compared to walleye in this reservoir. Conversely, the 

smaller and shallower Tobin Lake may provide a lower variety of habitats, causing 

overall niche overlap to be higher than in Lake Diefenbaker. Differences in overlap may 

also be explained by differences in the density of prey species, which can change with 

lake size and depth (Holmgren and Appelberg 2000; Radke and Eckmann 2001; Haertel 

et al. 2002; Olin et al. 2002; Mehner et al. 2005). Finally, isotopic baseline can be 

influenced by source waters (Hobson et al. 2012), as well as lake size and terrestrial input 

(Post 2002). If the isotopic baselines of these lakes are significantly different and 

spatially variable, differences in niche size and overlap of walleye and sauger would 

reflect this. 

 

3.4.5. Other points.− I took advantage of tournament angling to collect fish, and the 

anglers at these tournaments do not catch fish randomly. Rather, they focus on known 

areas of walleye habitat where they are most likely to catch large fish. They also do not 

target sauger when fishing, so any fish of this species that they keep would most likely be 

caught in areas where walleye and sauger co-occur. This is helpful for the questions I was 

attempting to answer in the current study, but also means the sauger I sampled were 

potentially more similar to walleye in resource use than sauger from other areas of the 

study lakes. The anglers in these tournaments also only fished a specific portion of the 

lake, rather than the whole thing. However, alternative methods of sampling fish in 

previous SIA research include seine netting and fish traps (De la Morinière et al. 2003), 

gill netting (Fincel et al. 2012; Eberts et al. 2016; Fincel et al. 2015), electrofishing 
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(Jackson and Britton 2013), and angling (Grey 2001). These methods also target specific 

lake areas and often do not cover the entire study location. In addition, the fish I sampled 

at tournaments were mortalities and there is evidence that fish do not die randomly as a 

result of angling activities. Rather, many factors can influence whether a fish will die; 

numerous aspects of tournaments can cause varying levels of stress for fish that may lead 

to death, including air exposure, livewell conditions, and water temperature (Gingerich et 

al. 2007; Havn et al. 2015; Sullivan et al. 2015). Fish caught at certain depths may also 

experience barotrauma, which can be difficult to recover from (Gravel and Cooke 2008). 

Finally, fish size and condition can influence the likelihood of mortality (Maynard et al. 

2013). However, I took subsets of the fish that died at these tournaments and attempted to 

sample a wide range of fish sizes, making my sampling as random as possible. Overall, 

sampling fish for SIA in this manner is likely comparable to other methods in terms of 

how representative the fish I sampled are of general relationships. 

An important assumption I made when choosing to use different segments of bone 

in this research was that each section became metabolically inert after its growth was 

complete. Consequently, each bone layer should permanently reflect the isotopic values 

of prey consumed during the deposition period. Based on this assumption, I expected to 

see a distinct isotopic shift as the fish went through ontogenetic shifts from zooplankton 

to piscivory (Keough et al. 1996). However, SIA of my three bone segments did not show 

this resource shift; δ13C and δ15N values for both species at all locations did not change 

across bone layers. Thus, I cannot confirm that the bone layers I analyzed in walleye and 

sauger actually reflect resource use during the specified ages. This potential problem has 

been previously highlighted in the use of scales for SIA (e.g., Wainright et al. 1993; 
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Hutchinson and Trueman 2006). However, Morbey et al. (2007) separated scales into 

sections to represent the early and late life periods in lake trout (Salvelinus namaycush) 

and successfully demonstrated a significant shift in δ13C values between scale centers and 

edges, consistent with an ontogenetic diet shift. The only work done to date on several 

sections of opercula did not show any shift in resource use between the juvenile and adult 

bone sections in two species of whitefish (Coregonus spp.), but it is unclear whether such 

a shift could be detected in the mixed populations assessed (Eberts et al. 2016). In the 

absence of other data, my results suggest that walleye and sauger opercula may not be 

suitable for the study of specific age layers. However, these species also experience a 

shift to piscivory at a very early stage of life (Chipps and Graeb 2011). There is a 

possibility that my sampling of the year 0-1 bone segment was simply not specific 

enough to capture this shift. 
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4. CHAPTER 4: CONCLUSIONS AND FUTURE DIRECTIONS 

In many areas, including Saskatchewan, recreational and commercial angling for 

walleye is economically important, creating a significant need to better understand many 

aspects of the ecology of this species. Additionally, the closely related sauger often co-

exists with walleye, including in Saskatchewan lakes that are popular angling 

destinations, where the two species are caught and regulated as the same entity. Sauger 

are much less studied than walleye in general, but how the two species interact and relate, 

and how they are similar or differ, is poorly understood. Therefore, the major objective of 

this work was to address several important questions regarding walleye and sauger, with 

a focus on populations in Saskatchewan. 

The results from Chapter 1, which assessed the movement of both species after 

catch-and-release tournaments, revealed high variation in fish movement and also 

showed that walleye have the capability of moving great distances in the short time 

period I evaluated. In contrast, my results indicate that sauger move much less in that 

time. As such, I generally observed two classes of fish behaviour after release (as 

described in O’Conner et al. 2010). The first was a “fight or flight” response, where fish 

immediately left the release area and continued to move very quickly and over significant 

distances for at least the first few days, if not the entire tracking period. The second 

response was little or no movement for varying periods of time after release followed by 

general movement again, suggesting the need for a period of recovery. While the 

understanding of normal walleye movement in the systems I studied is limited, neither of 

the two types of movement I saw are generally reflective of normal movements by these 

fish. Both walleye and sauger make mostly small movements during the non-spawning 
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season, when their priority is to find food (Bellgraph et al. 2008). Therefore, it appears 

that the large movements by walleye I saw are possibly abnormal. Furthermore, previous 

work has shown that swimming only becomes impaired in fish that have experienced 

extreme physiological stress (Peake et al. 1997). I saw high numbers of fish with limited 

initial movement, which suggests they experienced high enough levels of stress to 

necessitate staying in one place for an extended period of time. I especially observed this 

limited movement in sauger, where all tagged fish of this species only moved 2 km or 

less in the week of tracking. This suggests that sauger are more susceptible to stress and 

require more recovery time than walleye.  

These movement patterns are of particular interest in terms of management 

because they detail how fish are affected by tournament activities – they either exhibit 

abnormally large movements or they require a recovery period. Both altered behaviours 

likely require energy, either to swim far or recover, that would otherwise be used for 

feeding or reproduction (Cooke et al. 2002; Wilde 2003; Hunter and Maceina 2008). As 

both tournament organizers and managers aspire to maintain healthy populations of 

walleye and sauger, the post-release behaviours I observed are important as they likely 

impact these populations. Interventions need to be put in place to help “normalize” 

movement, which requires further work to understand what normal behaviour is. There is 

also a need for a better understanding of how walleye and sauger are different, to explain 

why they exhibit different responses to tournaments, as observed here. Walleye are 

considered the hardier of the two species, as they are much larger and exploit more 

habitats, which may mean they respond to stress better (Johnston et al. 2012). However, 

this indicates the two species need to be treated differently at tournaments to 
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acknowledge their unique tolerances. For example, if sauger are more sensitive to air 

exposure or handling time, methods could be put in place to limit these treatments. 

Alternatively, if sauger respond poorly to high water temperatures, tournaments during 

summer months might sanction that sauger cannot be weighed-in. 

My results also showed that the variables I measured related to fish treatment 

were not necessarily suitable predictors of fish movement. However, there are many other 

treatment variables that I did not include in this study that are likely important and need 

to be investigated in the context of post-release movement. Those variables include 

degree of air exposure at several time windows, including during capture and weigh-in, 

and a more comprehensive assessment of livewell conditions, including temperature and 

the number of fish in the livewell (Gingerich et al. 2007; Sullivan et al. 2015). I was most 

surprised that the stress variable, which I expected to be important, was not a consistent 

predictor of behaviour. This variable was only important at one tournament (NV), where 

I saw the lowest stress scores and also the most movement. This suggests that this factor 

is likely still important for predicting fish movement, but the test I used did not resolve 

high levels of stress adequately. A test including signs of barotrauma, as well as 

behaviour and reflexes, would likely be more indicative and should be developed. Stress 

can also be quantified using certain measures of blood chemistry, like plasma cortisol, 

which could be incorporated into the test (Pottinger 1998). My current understanding of 

how fish stress affects post-release behaviour appears to be quite limited but improving 

this understanding would be extremely helpful in implementing management strategies at 

tournaments to prevent stress. 
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In Chapter 2, I used stable isotope analysis to quantify the niches of walleye and 

sauger in two reservoirs. My findings indicate that the species co-exist via niche 

partitioning at all the time scales I measured. I also saw variation among locations in 

regards to resource use and niche overlap. Thus, my comparison of sympatric populations 

in two reservoirs showed the niche relationship between these species can vary with 

location. I also noted that walleye living in a system without sauger appear to use 

resources differently than those co-existing with sauger. Further work should attempt to 

explain this variation, which is likely due to differences in the reservoirs I sampled. 

Describing the prey fish communities in each lake, as well as the overall food web and 

baseline, could be further used to explain why these species appear to interact differently 

in different places (i.e., Keough et al. 1996; Hobson et al. 2012; Abrantes et al. 2014). 

For example, knowing the baseline of each lake would help confirm whether the varying 

niche overlap and resource use I saw actually indicated different uses of resources or if 

they were simply a reflection of differing baselines. Assessing the composition of prey 

fish communities in these lakes could also inform which species are present, where they 

exist in the lake, and what their relative abundance is, all of which indicates what and 

where the walleye and sauger in these lakes are eating. This information is generally 

helpful when managing the species, as it shows what prey species are important and 

whether there is any competition potential. 

While my work is the first to use stable isotopes to compare the resource use of 

walleye and sauger when they co-exist, populations like this occur throughout North 

America. It is therefore likely that differences in resource use and niche overlap also 

occur in other areas based on location. As the differences I saw were most likely a 
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reflection of baseline, prey source, and environmental structure of the reservoirs I 

sampled, understanding how these differences affected the isotope values of my sampled 

fish would aid in establishing a broader general expectation of walleye-sauger 

relationships in similar lakes (Baccante et al. 2011). Understanding the relationship 

between lake characteristics and the population dynamics of walleye and sauger informs 

management techniques, indicating whether certain lakes need to be uniquely managed 

based on their potential for high resource overlap and competition (Fincel et al. 2015). 

 Overall, I sought to investigate several ecological questions regarding walleye and 

sauger and describe the similarities and differences between these closely related species. 

I found, in both movement response to catch-and-release and resource use, that the 

species are different from each other. As has been summarized, walleye and sauger differ 

in their life history and this advocates that harvest regulations related to size and limit 

need to be species specific if they are to be effective (Haxton 2015). The differences I 

noted further support this statement. Differences in the response to catch-and-release 

tournaments and the stress they cause between walleye and sauger suggests tournament 

organizers and government authorities need to treat these species separately when they 

implement strategies to minimize sub-lethal effects and mortality. Furthermore, in aquatic 

systems where these species exhibit differences in resource use and consistent niche 

partitioning, the species should be managed separately as they are using the resources and 

habitat of the lake or river uniquely. If the species continue to be treated as the same, 

sauger will likely continue to be more impacted by tournaments and standard catch-and-

release than walleye, while the resources and habitat of one species will be better 

managed, providing a competitive edge for that species. 
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6. APPENDICES 

6.1. Appendix I: Angler survey 

Name: 

Where are you from? 

How long have you been an angler? 

1) Where did you catch the fish? Please mark on the map. 

2) What depth did you catch the fish at? 

3) How long was the fish kept in your live well? 

4) What temperature do you keep your live well at? 

5) What type of bait did you use to catch the fish? 

6) Did you use any kind of live well additive? What kind? 
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