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Abstract 

Walleye (Sander vitreus) is one of the most sought after freshwater fish for recreational 

angling in Canada. Physiological and behavioral measures of stress were used to 

determine if reduced live-well temperatures and improved water conditions can mitigate 

stress and facilitate recovery during catch and release angling tournaments. Fish were 

collected at tournament weigh-in stations to evaluate the effects of live-well water quality 

parameters and stress mitigation methods on recovery. Fish condition was assessed by 

measuring plasma cortisol and lactate levels, and observing behavioral cues. This study 

observed body flex, tail grab, and swim scores and these were determined valuable 

predictors of stress for Walleye. A commercially available live-well treatment reduced 

build-up of nitrogenous waste in live wells not replenished with lake water, which is 

useful while maintaining live-well water quality. High temperature, nitrogenous waste 

content, and poor weather conditions contributed to higher plasma cortisol and lactate 

levels, whereas higher temperatures contributed to lower blood glucose levels. Thus it 

may be best to avoid holding tournaments during the warm summer months or when high 

winds are forecasted. Additionally, this study shows water quality parameters are an 

important aspect of the live-well holding periods and tournament organizers should 

mandate mandatory conditions for live-wells to include continuous aeration and either 

continuous circulation or the use of live-well treatments depending on season; for 

instance live-well treatments and temperature control may be preferential over continuous 

circulation in warm conditions. 

Keywords: catch and release; walleye; stress; physiology; temperature; water quality 
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1. Introduction

1.1. Recreational Angling 

Recreational angling has been a steady contributor to local economies, and is one 

of the most popular outdoor activities, in North America. The Canadian Department of 

Fisheries and Oceans (DFO) five-year survey of recreational angling reports that anglers 

contributed $8.3 billion towards angling activities, such as travel expenses and fishing 

supplies, in 2010, and 3.3 million anglers participate in those activities every year in 

Canada (DFO 2010). With the high numbers of anglers come increasing demands on fish 

populations (Kerr et al. 2008). To reduce the impacts anglers have on fish populations, 

managers have implemented minimum size limits, bag limits, protected seasons, and 

protected species, and anglers and managers alike have turned to catch and release 

angling as a management tool (Arlinghaus 2007).  

Managers and some recreational anglers advocate for CR as a way to help 

maintain sustainable recreational fisheries that many anglers can enjoy (Arlighhaus 

2007). This trend of release, either because of management regulations, or because of 

angler choice, has become increasingly popular, with one study describing over a 50% 

increase in fish release between 1981 and 1999 in the United States (Bartholomew and 

Bohnsack 2005). The DFO (2010) reported that anglers only retain about 37% of their 

catch, and the rest of the fish are released. The success of CR is dependent upon anglers 

and managers working together to establish and follow guidelines that facilitate the best 

conditions for fish, and successful release of fish after angling activities.  
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Competitive recreational angling tournaments are an important pastime for many 

North American anglers with a predicted 25,000 to 31,000 competitive tournaments held 

each year (Kerr and Kamke 2003). Tournaments come in two forms: derbies, where fish 

are killed before they are brought into weigh-in stations, and CR tournaments, where fish 

are released at the end of the tournament (reviewed in Cooke and Sneddon 2007, Killen 

et al. 2003). During CR tournaments, fish are caught and placed in a live-well for up to 

eight hours. A live-well is a small water-filled tank located on the angler’s boat with most 

boats having a setting that control the rate at which fresh water can be drawn in from the 

surface of the lake to provide fresh oxygenated water (Arlinghaus et al. 2007). Generally, 

at the end of the day, fish are brought into weigh-in stations where they are loaded into 

bins or bags with or without water (Arlinghaus et al. 2007). After the weigh-in, fish are 

released back into the water. However, not all fish are fit for release; various stressors 

over the course of their catch and transport may have negatively impacted them to the 

point where recovery is slow and, in some cases, unlikely.  

1.2.  Stress Response 

A stress response in fish is triggered by an internal or external stimulus that elicits 

a response to maintain homeostasis (Porchas et al. 2009). Behavioral and physiological 

responses are common. The response to stress comes in three stages: primary, secondary, 

and tertiary. Primary responses often include the rapid release of catecholamines and/or 

corticosteroids, which cause secondary responses. Secondary responses reflect how 

tissues, organs and physiology change in response to these hormonal signals. The release 

of hormonal signals can result in increasing demands on cardiac output, energy reserves, 

oxygen uptake, immune function, hydromineral balances, and acid-base levels in muscle 
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(reviewed in Barton 2002). Tertiary responses are not covered in the scope of this 

research, however, they examine changes such as reduction in growth, and predator 

avoidance in an organism (reviewed in Bonga 1997, Barton 2002).  

In fish, cortisol is the main circulating corticosteroid (reviewed by Mommsen et 

al. 1999). Cortisol synthesis and secretion is triggered in response to a variety of different 

stressors. The fish’s central nervous system responds by triggering the hypothalamus to 

release corticotropin-releasing factor (CRF), which travels to the pituitary gland (Barton 

2002). CRF stimulates the anterior pituitary gland to release adrenocorticotrophic 

hormone (ACTH) (Fryer and Lederis 1986). ACTH circulating in the blood then triggers 

the interrenal tissue of the head kidney to release cortisol (Barton 2002). Circulating 

cortisol, in turn, acts via negative feedback on the interrenal gland to stop producing 

additional cortisol (Bonga 1997). Cortisol can alter regulation of the hydromineral 

balance and mobilize energy substrates (Bonga 1997).  

Secondary responses result from the stress hormones released in the primary 

response; these corticosteroids and catelcholamines trigger changes in tissues and organs 

of the fish. In order to maintain adequate levels of oxygen to tissues, circulating 

catecholamines increase oxygen uptake by increasing ventilation, and oxygen transport in 

the blood, and mobilize energy reserves (reviewed by Reid et al. 1998). While this is 

helpful in the short term, in the long term it can reduce fish performance and slow 

recovery from stress. Extensive stressors such as exhaustive exercise can lead to 

extensive metabolic expenditure, oxygen limitations and anaerobic metabolism. With 

oxygen limitations experienced during exhaustive exercise or with environmental 

hypoxia, fish use anaerobic metabolism. The main source of ATP in anaerobic respiration 
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is derived from glycolysis where glucose is broken down to pyruvate; in the absence of 

oxygen an alternate electron acceptor is required to oxidize coenzyme NADH and 

regenerate the NAD+ required for glycolysis to continue. In many species of fish this is 

accomplished through lactate fermentation where pyruvate reduces to lactate as follows: 

2 pyruvate + 2 NADH + H+→ 2 lactate + 2 NAD+ 

Additionally, stress hormones increase glucose production through gluconeogenesis and 

glycogenolysis (Iwama et al. 1999). Once glucose has been released into the blood, blood 

glucose levels can fluctuate as glucose is used to maintain homeostasis and meet energy 

demands. 

During the metabolism of glucose to produce ATP in the absence of oxygen, 

lactate and protons are produced from converted pyruvate. Some of the protons move into 

the blood, and their accumulation causes muscle and blood pH levels to decrease 

(reviewed by Keiffer 2000). A study on Rainbow Trout (Oncorhynchus mykiss) found 

that plasma lactate took up to 12 hours to return to normal levels (Wood et al 1983). Most 

of the lactate stays in the white muscle tissue and is converted back to glycogen, whereas 

the remaining 20 to 30% that was released into the blood eventually returns to the muscle 

tissue and is then converted into glycogen (Eros and Milligan 1996, Wood et al 1983). 

Any remaining lactate is oxidized into carbon dioxide (CO2) and water (𝐻2O) (Eros and 

Milligan 1996).  

1.3.  Stress associated with CR angling practices 

Specific concerns for competitive angling events are weather on the day of the 

event, live-well water quality and retention times, weigh-in procedures and fish handling 

(Killen et al. 2006, Suski et al. 2005). Temperature and wind can amplify negative 
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physiological conditions (Schramm et al. 2010, Suski et al. 2005). Fish may experience 

physical damage during the act of angling and landing the fish onto the boat; both can 

increase mortality rates during these events (Lennox et al. 2015, Rummer and Bennett 

2005). As shown in Rainbow Trout, during angling events can experience physiological 

changes such as exhaustion or fatigue from the act of angling, which increases metabolic 

demands and oxygen consumption (Meka and McCormick 2005).  

One of the most pervasive environmental variables fish have to cope with is 

temperature as it plays a large part in controlling their metabolism (Barton and Berry 

2014). Fish move to environments that support their ideal temperature range. The ideal 

temperature range varies for each species and always spans temperatures that allow the 

fish to meet basic metabolic requirements, and optimizes other essential aspects 

associated with survival (Barton and Berry 2014). The high temperatures at which CR 

angling can take place is of interest because it can affect the probability of successful 

release due to an increase in metabolic demands and fish experience physiological and 

behavioral repercussions (Davis 2004, Gingerich et al. 2007, Schramm et al. 2011). Some 

species of fish, such as Walleye (Sander vitreus), show higher physiological signs of 

stress when temperatures approach 18 ºC, compared at cooler water temperatures during 

CR tournaments. When temperatures increase above this threshold, chances of survival 

from CR practices can be as low as 21% (Graeb et al. 2005, Schramm et al. 2011). 

Loomis et al. (2013) found that there were low survival rates at 20 ºC, and low to no 

survival at 24ºC for Walleye during competitive CR events.  

In addition to temperature concerns, high winds and waves can cause damage and 

increases in circulating stress hormones in Walleye housed in live-wells. These injuries 
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are due to frequent contact with the sides of the live-wells, which can cause physical 

damage, and removes the protective mucus coating of the fish. Suski et al. (2005) 

suggested limiting the amount of time Walleye spend in live-wells, and that high winds 

may be a cause for higher mortality rates. Energy demands during transportation in live-

wells are higher during poor weather conditions such as high winds because fish have to 

reposition themselves to avoid contact with live-well walls, and this slows recovery from 

angling stressors (Suski et al. 2005). Finally, the distance traveled and time fish spend in 

a live-well does have an impact on survival of fish during CR tournaments: as these 

factors increase, so does the rate of mortality (Graeb et al. 2005). 

Physical damage is a frequent occurrence that fish experience during angling 

events. These include damage from the hook, and barotrauma. Hooks cause physical 

damage, internally and externally. Researchers have found that hook type (circle hooks), 

barbed hooks, and artificial bait should be considered in order to reduce the likelihood of 

deep hooking some fish species, therefore reducing air exposure times and physical 

damage caused by the hook (Lennox et al. 2015, Reeves and Staples 2011). Lennox et al. 

(2015) found that circle-hooks and hook-set techniques did reduce the likelihood of deep 

hooking Bluegill (Lepomis macrochirus); however, this might vary between species due 

to differences in anatomy. Fish angled from depths greater than 10 m can experience 

barotrauma (Campbell et al. 2009). This damage results when ambient pressure decreases 

rapidly, causing the swim bladder to expand quickly, potentially damaging organs, and 

other tissues as the gas transfers out of the body (Rummer and Bennett 2005). Fish 

suffering from barotrauma usually have equilibrium loss, identified by their failing to 

maintain neutral buoyancy and an upright position, and struggling to descend, which 
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leads to high rates of mortality (Rummer and Bennett 2005). Symptoms must be treated 

either by venting, which is done by inserting a hollow syringe into the body to puncture 

and release pressure from the swim bladder, or by descending the fish back to depth 

(Rummer and Bennett 2005, Eberts and Somers 2017). Fish can experience internal 

trauma when angled from depths as shallow as 10 m and mortality rates increase as the 

depth increases (Campbell et al. 2009, Talmage and Staples 2011).   

Fish are often angled to the point at which aerobic metabolism is no longer 

possible due to overexertion and oxygen limitations at the cellular level. This can have 

further physiological repercussions, and, coupled with the other stressors associated with 

angling activities, decreases the chances of survival. A study by Killen et al. (2006) 

identified that Walleye exercised for one minute had a 12-fold increase in muscle lactate, 

indicating that this species switches from aerobic to anaerobic exercise within a minute of 

exercise. As length of time for landing, handling, and air exposure increases so too do 

physiological indicators of stress, such as plasma cortisol and lactate levels (Meka and 

McCormick 2005, Ferguson and Tufts 1992). When angling duration increased by 2 to 3 

minutes, peak levels of cortisol and lactate increased from less than 11 ng/ml to over 39 

ng/ml for cortisol, and from less than 5 mmol/l to over 11 ng/ml for lactate in Rainbow 

Trout (Meka and McCormick 2005). Generally, cortisol returns to normal levels, 5 ng/ml 

for most species, within a few hours after an acute stressor like angling (reviewed in 

Bonga 1997). Additionally, larger Rainbow Trout had higher levels of glucose, lactate, 

and cortisol, which are believed to be due to the longer angling times associated with 

larger fish (Meka and McCormick 2005). Plasma sodium and chloride levels are known 

to increase rapidly during exercise or confinement, and are regulated by the gills 
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(Postlethwaite and McDonald 1995). Angling and handling stressors are also known to 

cause changes in plasma osmolality and plasma chloride due to loss of ions across the 

gills (Killen et al 2003). Carbon dioxide is retained in the gills, which are responsible for 

gas and ion transfer (Ferguson and Tufts 1992). 

When live-wells are not maintained with optimum conditions they may cause fish 

to experience additional stressors. For example, live-wells without a continuous flow of 

fresh lake water can result in low oxygen levels and build-up of nitrogenous waste 

products, which can further exacerbate physiological disturbances (Killen et al. 2006). 

Crowded live-wells can contribute to reductions in dissolved oxygen (DO), especially 

when live-wells are not replenished with oxygen (Hartley and Moring 1993), and 

temperatures are high. Hartley and Moring (1993) found that Black Bass (Micropterus 

spp.) start to exhibit signs of stress when DO levels drop to 5 ppm. Higher water 

temperatures also decrease oxygen saturation of water, which causes fish to increase 

ventilation rates (Heath 1973). Loomis et al. (2013) stated that Walleye show signs of 

behavioral stress when oxygen levels decrease to 2.0 mg/L, and mortality starts when 

levels reach 1.6 mg/L; the advice from the study is that live-well DO should be 

maintained at 5 mg/L. A study found when Bluegill, and Largemouth Bass were crowded 

in small tanks they excrete nitrogenous waste in the form of ammonia, which, when 

contained in a small space, can reach concentrations that can be toxic to fish, with lethal 

limits for fish in the range of 0.7-1.2 mg/l (Roseboom and Richey 1977). 

Anglers try to improve water quality conditions of their live-wells by 

continuously adding fresh lake water, and supplementing with oxygen, ice, and/or 

commercial live-well treatments. One study found that when Northern Pike (Esox Lucius) 
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were ice fished there was a reduced and delayed response to angling stressors, which lead 

to a delay in recovery as well (Louison et al. 2017). Another study recommended anglers 

avoid icing their live-wells, because large changes in water temperatures can trigger a 

stress response in fish because they are not acclimated to the new water temperature, 

which can cause increases in plasma lactate and plasma cortisol (Suski et al. 2005). 

Additionally, recovery processes are slowed when water temperatures are lower than 

acclimation temperatures (Suski et al. 2005). Many commercially available live-well 

treatments claim they help improve fish condition during holding and transportation. 

Live-well treatments are said to replace mucus layers that are removed by angling 

activities, improve wound healing rates, minimize build-up of nitrogenous waste and help 

calm fish. A review by Harnish et al. (2011) stated that several studies found that water 

additives helped improve fish condition for both live-wells and transportation for 

aquaculture, in some cases by 23 to 43%. However, little research into the positive and 

negative effects of these products has been done. 

During tournament weigh-in procedures fish are often air-exposed for extended 

periods of time, resulting in anoxic conditions that dramatically decrease muscle energy 

stores (phosphocreatine, ATP, and glycogen), and increase both plasma and muscle 

lactate levels (Killen et al. 2006, Killen et al. 2003). Air exposure in fish prevents gas 

transfer across the lamellae of the gill filaments; this leads to an increase in total 

bicarbonate, and reductions in blood pH levels (Ferguson and Tufts 1992). It is important 

to highlight that fish subjected to exhaustive exercise had a high survival rate at 88%, 

whereas fish subjected to both exhaustive exercise and 60 seconds of air exposure had a 

28% survival rate (Ferguson and Tufts 1992). Gingerich et al (2007) used behavioral cues 
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to determine the effects of air exposure, and water temperature on angled Bluegill, 

showing that 80% of fish succumbed to delayed mortality at the temperature of 27.4 ºC 

and 16 minutes air exposure with mortality increasing as stressors reached these upper 

limits. Recovery from exhaustive exercise was assessed using plasma and muscle lactate 

levels and found to typically take between 2-6 hours for Largemouth Bass and Walleye 

(Suski et al. 2005, Killen et al. 2006). Delayed mortality is an important management 

concern as it is clear from these studies that released fish do not always survive. 

1.4. Behavioral cues used by researchers/managers/anglers to assess stress 

levels 

Behavioral responses are used as a less invasive tool to assess the degree of stress fish 

have experienced. Behavioral responses are identified by observable whole-body changes 

in an organism (Beitinger 1990). Furthermore, behavioral patterns change with the onset 

of stress and these behavioral patterns can be studied in relation to survival (Beitinger 

1990). Gingerich et al. used swim scores as behavioral cues to determine the effects of air 

exposure times and high temperatures on fish condition, found a correlation between 

equilibrium loss and mortality (Gingerich et al. 2007). The swim score was as follows: 1) 

fish appeared normal; 2) fish swam rapidly and randomly in the tank and were somewhat 

erratic; 3) fish rested at the bottom of the tank; 4) fish displayed partial lateral 

equilibrium loss; or, 5) fish displayed complete equilibrium loss. These scores showed 

increased signs of stress during angling when fish were subjected to higher water 

temperatures and longer air exposure times. Swim scores were designed to show, among 

other things, equilibrium loss as a sign of stress, and have been used as behavioral cues to 

predict if fish will recover or succumb to immediate or delayed mortality. 
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Reflex scores are also used to identify fish condition (Davis 2007, Raby et al. 2012). 

A reflex is an involuntary action or movement, which is usually present or absent after a 

stimulus such as light, touch, or sound. The absence of reflexes may indicate the animal 

is under stress, and can help researchers, managers and anglers identify delayed mortality 

(reviewed in Davis 2010). Reflex scores have been used in recent studies as a quick 

measure of stress easily done in the field (reviewed in Davis 2010), and have been 

correlated with plasma cortisol and lactate (Raby et al. 2012), with species-specific 

variation in response to reflexes under stress. Six common reflexes have been used for 

these assessments. The body flex response determines when the fish flexes its body in an 

attempt to free itself from being held. The dorsal flare response is when the fish flares its 

dorsal fin in response to handling. The head complex is when the fish is held out of water 

but continues ventilation. The vestibular-ocular response occurs when the fish moves its 

eye to maintain pitch by following the handler’s movement, whereas orientation is 

observed when the fish maintains equilibrium. Lastly, tail grab is when the fish elicits a 

strong response by burst swimming away in response to a grasp of the tail (Davis et al. 

2005, Raby et al. 2012). Poor swim scores and reflexes were correlated with delayed 

mortality, due to air exposure and net towing stressors (Davis 2005). Raby et al. (2012) 

used reflex scores to show likelihood of delayed mortality on captured and released 

migrating salmon; high impairment of reflex scores showed a greater likelihood that 

salmon would not reach spawning grounds. However, their study did not find a 

correlation between reflexes and physiological measures (cortisol and lactate).  
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1.5.  Walleye 

Sander vitreus commonly called Walleye is in the Percidae family, and is found in 

freshwater systems throughout North America (Bozek et al. 2011). Considered a 

coolwater species, Walleye are widely distributed throughout many fresh water 

ecosystems (Bozek et al. 2011). Walleye can survive in many habitats, with ideal 

temperature ranges from 20-23 °C, when they are not experiencing angling related 

stressors (reviewed in Marshall 1977, Baron and Berry 2011, Raby et al. 2017); however, 

although they can be found in temperatures ranging from 0-30°C, they are believed to 

avoid temperatures above 24°C (Barton and Berry 2011). Walleye live between 11-30 

years (Bozek et al. 2011), reach reproductive maturity between the age of 2-4 years, and 

breed in the months of April-May (Marshall 1977), or when the temperature reaches 5°C 

(Barton and Berry 2011). Walleye are highly sensitive to light, and generally seek shelter 

in vegetation, gravel, or under rocks (Marshall 1977).  

Walleye are also an important sport fish. The most recent survey conducted by 

DFO reported that Walleye was the most predominate fish species caught by anglers in 

Canada in 2010 at 23% of all fish caught (approximately 44 million individual fish).  

Saskatchewan’s top species is Walleye which accounts for 41% of all fish caught in the 

province (2010 Saskatchewan Sport Fishing Summary Report). According to a survey 

run in 2010 by Canada’s Fisheries and Ocean Department, 10 million fish were caught in 

Saskatchewan, of which only 29% percent were retained. The 2016 Angler’s Guide 

published by the Government of Saskatchewan informs anglers that 10% of a released 

fish are subject to delayed mortality due to physiological stress; however, other studies 

suggest mortality can be as high as 80% for Walleye (Killen, 2003). Due to the level of 
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angling pressures and potential for mortality upon release, Walleye are an important 

species for studies on stress during CR angling. 

1.6. Objectives  

Walleye are an important species for the province of Saskatchewan; over 20 CR 

tournaments target Walleye/Sauger. My research seeks to: 1) characterize stress 

associated with CR tournaments in Saskatchewan; 2) evaluate the relationship of 

temperature and live-well retention on behavioral and physiological metrics of stress; 

and, 3) understand if water quality parameters such as temperature, and live-well 

treatments can improve fish condition, and increase the likelihood of recovery from 

tournament-related stress.   
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Chapter 2. Methods 

2. Quantifying Stress Experiment: Physiological and Behavioral Measures of Stress 

in Tournament-Caught Walleye 

Walleye were collected from tournament weigh-in stations from four 

tournaments, or angled in Saskatchewan, Canada. The factors of temperature, and angling 

activities were used to understand their impacts on physiological stress metrics of plasma 

cortisol and lactate levels. Through swim scores; behavioral indicators of stress were 

examined. These experiments seek to understand trends in angler and tournament 

practices to enable reliable means of reducing fish fatigue and improving recovery during 

competitive angling events (Figure 1). 

2.1.1. Angler Surveys and Live-well Temperatures 

To gain insight into angler practices, an opportunistic random subset of 18 to 21 

anglers were surveyed at each tournament. A copy of the survey questionnaire is in 

Appendix 1.  Information collected included specifics on live-well maintenance, such as 

the rate at which fresh lake water flowed into tanks, if ice or live-well treatments were 

added to live-wells, approximate length of time fish were held in live-wells, depth at 

which fish were most commonly captured, and if fin weight clips were used to assist fish 

in maintaining an upright posture while in the live-wells. Temperature was collected via 

temperature loggers (iButton model DS1921G) in the live-wells of approximately 20 

volunteer anglers. The temperature loggers were programmed to take a temperature 

reading every 15 minutes, waterproofed using parafilm, and placed in a perforated 50 ml 

conical tube designed to sink to the bottom of the live-well.  
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Figure 1: Procedure followed at each tournament, and at which point each experiment 

was done.   
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They were collected from anglers when they arrived at weigh-in stations.  

2.1.2.  Fish Sampling and Experimental Groups  

To understand the relationship between behavioral cues of stress and 

physiological measures of stress, Walleye were collected from tournament weigh-in 

stations and classified as either healthy, intermediate, or non-releasable using a 

behavioral swim score (Table 1). Fish assigned a swim score (modified from Gingerich et 

al 2007) of 0, 1, or 2 appeared normal, showed signs of fatigue, or swam actively and 

randomly, respectively, were deemed healthy. By comparison, those that were unable to 

maintain a consistent upright position in the water column (partial lateral equilibrium), or 

were resting on the bottom were assigned a swim score of 3 or 4, respectively, and 

classified as intermediate. Finally, a swim score of 5 was assigned to fish that had 

completely lost equilibrium and were no longer releasable.  
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Table 1: Walleye condition identified by swim score. 

Fish Condition Swim Score1 Fish Behavior 

Healthy 0 

1 

2 

Fish appeared Normal 

Fish showed signs of fatigue 

 Fish swam randomly in the tank 

Intermediate  3 

4 

 

Fish rested on bottom of tank 

Fish displayed partial lateral 

equilibrium loss 

Non-releasable 5 Fish displayed complete equilibrium 

loss 

1Swim scores modified from Gingerich et al. 2007 
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The collected Walleye came from a total of four tournaments held in 2017 on two 

different lakes (Figure 2 and 3). Two tournaments occurred during the cool seasons when 

surface water temperatures ranged between 13 to 18ºC, and two during the warm summer 

season when water temperatures ranged between 20 to 26°C. Two tournaments were 

sampled on the Lake Diefenbaker Reservoir system (51°01′53″N 106°50′09″W) located 

in southern Saskatchewan. There were two tournaments located on the Saskatchewan 

River that extended two kilometers onto Tobin Lake (53°35′N 103°30′W), which is 

located in central Saskatchewan. Tournaments located on Lake Diefenbaker were the 

Riverhurst Walleye Classic (RWC), which was held June 17th and 18th, and the Sask 

Landing Walleye Tournament (SLWT), which was held from July 15th and 16th. 

Tournaments located on Tobin Lake were the Premier’s Walleye Cup (PWC), which was 

held August 11 and 12th, and Vanity Cup (VC), which was held Sept 30th and October 1st.  

Each tournament had set boundaries in which anglers were permitted to fish. 

Anglers generally trolled or jigged to catch fish during tournaments and moved around 

within the boundaries. Most tournaments allowed up to 150 teams per tournament with 

this number ranging between 100 to 150 teams. Anglers were allowed to weigh-in five 

fish per day and were penalized if fish delivered to the weigh-in stations were deemed 

non-releasable by tournament fish masters. However, PWC required that fish be 

delivered half way through the day and no more than three fish were allowed in the live-

well at any given time. Anglers removed smaller fish from their live-wells when larger 

fish were caught. Most tournaments allowed two fish over 70 cm, and the remaining fish 

had to be under 55 cm.  
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Figure 2. A map of the Saskatchewan River with tournament location in boxes. 

Tournaments located near Lake Diefenbaker included RWC (b) and SLWT (c); those 

samples near Tobin Lake included PWC, and VC (d). Last Mountain Lake also had two 

tournaments; RBWC (a) and LMWC (e). 
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Figure 3: Maps of each Walleye catch and release tournament location. Tournaments 

located near Lake Diefenbaker included RWC (b) and SLWT (c); those samples near 

Tobin Lake included PWC, and VC (d). Last Mountain Lake also had two tournaments; 

RBWC (a) and LMWC (e). 
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A total of 24 to 40 fish were collected from the weigh-in station of each 

tournament (Table 2). Fish with a fork length ranging from 310 to 565 mm were 

opportunistically collected following tournament-associated weigh-in procedures and 

promptly classified and processed. Effort was made to collect a minimum of 10 fish from 

each fish condition score range (healthy, intermediate, non- releasable) per tournament. 

In the case of some tournaments, it was not possible to obtain 10 fish per condition. Due 

to how quickly tournament organizers processed fish, three of the four tournaments had 

limited access to fish in all three conditions. When fish arrived at the tournament weigh-

in stations, the goal for the weigh-in process was to get fish back in the water as quickly 

as possible; processing times were usually under three minutes. All lakes were deep 

enough that fish could have varying degrees of barotrauma; due to the harsh nature of this 

condition, fish that were suspected of having barotrauma were not included in this study.  

After collection from weigh-in stations, fish were transferred to a container filled 

with fresh lake water. A blood sample was collected from the caudal vein accessed 

ventrally via the caudal peduncle, using a heparinized sterile, single-use needle (21G, 1 ½ 

inch) and syringe. This procedure was performed with the fish submerged and only the 

caudal peduncle exposed to air. Blood was immediately centrifuged at ~ 10,000 g for 1-2 

minutes to collect plasma, which was transferred to a 1.7 ml tube, frozen, and stored on 

dry ice for 1 or 2 days. After that time, the samples were stored at -86°C until processed 

to measure lactate and cortisol concentrations.   
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Table 2: Total number of Walleye collected from each of the catch and release 

tournaments 

 Fish Condition 

Tournament Healthy Intermediate Non-releasable  Total 

RWC1 13 6 5 24 

SLWT 10 10 10 30 

PWC 21 10 5 36 

VC 26 9 5 40 

Total  70 35 25 130 

1 Riverhurst Walleye Classic (RWC), Sask Landing Walleye Tournament (SLWT), Premier’s Walleye Cup, Vanity Cup (VC) 
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2.1.3. Plasma Analysis 

Plasma cortisol concentrations were measured using an enzyme immunosorbent 

assay (EIA), modified from Yeh et al. 2013. A high binding 96-well plate (96 well plates: 

Immulon 2HB, high-binding microplates, Thermo Scientific) was coated with capture 

antibody (P01-92-94M-P, EastCoast Bio; 3400 µg/ml), and incubated overnight at 4 °C, 

followed by three washes with Phosphate Buffered Saline (PBS; 1.37 M sodium chloride, 

27 mM potassium chloride, 18 mM potassium phosphate monobasic and 100 mM sodium 

phosphate dibasic) plus Tween buffer. The plate was blocked with Bovine serum albumin 

(0.1% BSA) for one hour in PBS. Plasma was diluted with 1XPBS to 1:5 for baseline 

samples and 1:10 or 1:20 for tournament samples to a final volume of 120 μl. Eight 

standards were used (160, 80, 40, 20, 10, 5, 2.5 and 0) and were prepared using cortisol 

(Cortisol, C-106, Sigma; supplied as 1mg/ml) in PBS. Plasma and standards were 

immediately followed by cortisol conjugated to horse radish peroxidase (cort-HRP, P91-

92-91H, East Coast Bio; Diluted 1:1600) and incubated for 2 h at room temperature. The 

plate was washed 3 times with PBS plus tween buffer followed by the addition of 100 μl 

of detection reagent [(41 mM Potassium Citrate, tetramethylbenzidine (TMB), and 8.2 

mM tetrabutylammonium borohydride (TBABH)]. The reaction proceeded for 25 

minutes, was stopped with 1M H2SO4, and incubated for another 25 minutes prior to 

reading absorbance at 450 nm. Cortisol concentrations were calculated from the standard 

curves (%B/𝐵0) generated with 4PL regression. Plasma cortisol concentrations were 

validated for Walleye by showing that Walleye serum produced curves that were parallel 

to the standard curve for cortisol concentrations.  
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Plasma lactate was quantified using the method outlined in Lowry and 

Passonneau (1972).  Plasma samples were diluted 1:10 to 1:40 Plasma/PCA with 6% 

perchloric acid (PCA) to precipitate all endogenous proteins. Samples were centrifuged at 

13000 x RPM at 4oC and the supernatant decanted into a fresh tube. L-lactate standards 

were prepared using 6% PCA. A glycine-hydrazine buffer was prepared using 0.6 M 

glycine, 0.5 M hydrazine sulfate, and double distilled water. 400 U/ml lactate 

dehydrogenase enzyme (LDH; SLBP7664V, Sigma) and 1.67 mg/ml nicotinamide 

adenine dinucleotide (NAD; J62337 Lot: T25D002, AlfaAesar) assay buffer (NAD-assay 

buffer) were prepared in a glycine-hydrazine buffer. Using a Hamilton microdiluter, 25 ul 

of standard or sample and 200 ul of NAD-assay buffer were added to each well of a 96-

well plate (96 well plates: Immulon 2HB, high-binding microplates, Thermo Scientific). 

Standards were run in quadruplicate, and samples in duplicate. The plate was incubated at 

room temperature for 15 minutes, and the baseline absorbance at 340 nm (A340) was 

determined using a Synergy HTX multi-mode reader spectrophotometer (BioTek). 25 ul 

of LDH (400U/ml) were added to each well of the plate using a multichannel pipette and 

the plate incubated at 30°C in the spectrophotometer. To monitor the reaction, A340 

readings were taken every 5 minutes for 30 minutes, with a 5 second shake before each 

read. A final A340 read was taken at the end of the 30 minute period, and this value was 

used to create standard curves and interpolate lactate concentrations using Gen5 

(BioTek).    

2.1.4.  Data Handling and Statistics 

Plasma cortisol and lactate levels were the metrics used to determine stress levels. 

A generalized linear model with a gamma distribution was used to determine effects of 
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tournament water temperature and fish condition on plasma cortisol and lactate levels 

with graphs completed using the ggplot2 in R studio. A gamma distribution was used to 

address the concentration data otherwise defined as a log normal distribution. 

Tournaments were grouped as cool water tournaments (RWC and VC) and warm water 

tournaments (SLWT and PWC) to determine if temperature has an effect on 

physiological metrics of stress. Differences were accepted as significant when p < 0.05. A 

pair-wise multiple comparison test was used to identify differences between fish 

condition using the multcomp package in R studio. In order to confirm that the dependent 

variable for the models were normally distributed a QQplots was used to visualize this 

and in all cases this was true. Data from angler surveys were collected to determine 

trends in tournament angling, including water recirculation, fish care, and depth of fish 

capture. Average temperatures from temperature loggers were plotted in boxplots for 

each tournament.  

2.2. Recovery Tank Experiment: Effects of Recovery Tank Water Quality 

Parameters and Live-well Treatment on Stress and Recovery in 

Tournament-Caught Walleye 

This experiment aimed to determine if recovery tank settings such as additional 

holding time and live-well treatments improve behavioral and physiological signs of 

stress. Water quality parameters were also monitored and recorded to help our 

understanding of additional recovery tank holding times, and determine if these can be 

used to improve effects of tournament procedure on Walleye. Behavioral scores, 

including reflex and swim scores, and physiological measurements, including cortisol, 

lactate, and glucose were used to assess degree of stress.  



26 

2.2.1.  Angler Live-well Sampling 

As described in experiment 1, approximately 20 anglers were recruited to obtain 

information on live-well temperature over the course of each tournament, and were given 

temperature loggers to collect the data. In addition, these anglers received two 500 ml 

Nalgene water-sampling bottles for each day of the tournament, and asked to collect a 

water sample directly from their live-wells at the end of each day. Water bottles were 

collected from tournament weigh-in stations and the following measurements were taken 

immediately. Dissolved oxygen (DO), pH, and ammonia were assessed for each bottle of 

live-well water. Approximate ammonia concentrations were assessed using Hach 

Ammonia Strips. Ammonia Strips were validated for standard concentration using Hach 

Voluette Analytical Standards, a Hach DR/890 Colorimeter Datalogger, and Hach 

permachem reagent ammonia salicylate reagent pillows for 10 ml samples, and compared 

to Hach AquaChek water quality test strips. DO and pH were assessed using a Hach 

HQ40d handheld meter and a Luminescent Dissolved Oxygen Probe (Model 

LDO10101). Before using the Hach HQ40d reader, pH was calibrated using VWR 

standards at 4, 7, and 10. This data is organized and presented in tabled in the results 

section of this thesis. 

2.2.2. Experimental Groups 

Experiments were performed in conjunction with six Walleye tournaments in 

Saskatchewan, Canada during 2018. In addition to the four tournaments sampled in 

Experiment 1, two additional tournaments held on Last Mountain Lake 

(51°10′N 105°15′W) were included. These tournaments were the Regina Beach Walleye 
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Classic (RBWC) and Last Mountain Walleye Classic (LMWC) tournaments held on June 

2nd-3rd September 7 – 8th 2018, respectively.  

These experiments were set up to determine if additional steps can be taken to 

recover fish from tournament stressors. Walleye were held for four hours after collection 

from weigh-in stations in tanks with water quality conditions designed to facilitate 

recovery. Two tanks had 22ml of SureLife Please Release Me live-well treatment added 

to approximately 45 gallons of lake water. These tanks did not have a continuous flow of 

lake water during the holding period, and will hereafter be referred to as treated tanks. 

Another two tanks were run as a control, and lake water, which was collected from 0.5-1 

m below the surface of the lake, was added throughout the holding period at a rate of 1.5-

2 l/min. These four tanks ran simultaneously each day. Every hour temperature, DO, and 

ammonia measurements were taken on each individual tank.  

Walleye were opportunistically collected from tournament associated weigh-in 

stations following the weigh-in procedure. Twenty fish were collected for each 

tournament day. RBWC was sampled one day only, because high winds caused 

cancelation of day of the tournament. Temperature in experimental live-wells were 

maintained to within 1 °C of the surface water temperature (measured at 0.5-1 m) by 

adding ice to treated tanks as needed. All live-wells were well-aerated using an oil-less 

air pump and air stones to maintain adequate levels of oxygen during the holding period. 

Temperature, oxygen, and ammonia were monitored approximately every hour.  

A small blood sample (~300-500 μl) was collected using the sample protocol 

described in experiment 1 followed by assessment of behavioral and reflex scores. Blood 

glucose was measured prior to isolation of plasma using a FreeStyle Lite Glucose Meter 
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validated for Walleye by Ball et al. (2017). Plasma analysis for lactate and cortisol is also 

outlined in experiment 1. Once all fish metrics were collected, the fish were placed into 

one of the four aforementioned recovery tanks for four hours, after which the processing 

procedure and sample collection were repeated to provide before and after measures of 

stress. 

2.2.3. Behavioral Indicators of Stress 

During, or immediately after, collecting a blood sample (see below), fish were 

assessed for swim score and reflexes. The total time to assess fish for all was less than a 

minute. Swim scores were assigned according to Table 1. Fish were also assessed for the 

presence of six different reflexes including: body flex, dorsal flare, head complex, 

vestibular-ocular response (VOR), orientation, and tail grab (Table 3). Data on swim 

score and reflexes were also collected at the end of the experiment.  

2.2.4. Data Handling and Statistics 

To determine if plasma lactate, plasma cortisol, and blood glucose varied between 

tournaments, treatment groups, before and after the four hour holding period were 

compared using a generalized additive model (GAM) using the mgcv package and 

ggplot2 package for graphing in R studio. Individual fish were added as a random effect 

to each model. A generalized linear mixed-effects model was used in order for a pair-

wise multiple comparison test to be used to test differences between each individual 

tournaments effects on plasma cortisol, lactate, and blood glucose levels. To determine if 

tournament and treatment had an effect on behavioral cues, all behavioral scores were 

summed with swim score on a 0-5 scale, and presence of reflexes as a zero and absence 
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added as a one. The maximum value for this at 11 meaning this fish was under the 

greatest amount of stress, with a 0 being the least amount of stress a sampled fish is 

experiencing. A chi-squared test was run for the following: initial behavioral cues were 

run as response variables to see if there was a tournament effect, and final behavioral 

cues were run as response variables to see if treatment had an effect, and before and after 

scores were run in another model with after as the response variable using the MASS 

package in R studio. In order to confirm that the dependent variable for the models were 

normally distributed a QQplots was used to visualize this and in all cases this was true. 

Statistical differences were considered significant at p-values below 0.05. Temperature 

logger data were collected, and the mean from each angler was calculated and shown in a 

box plot. 
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Table 3: Reflexes* of angled Walleye were scored as present or absent based on the 

following criteria:  

Reflex Criteria to determine presence of reflex 

Body flex Fish actively struggled when held with 

two hands wrapped around the middle of 

its body. 

Dorsal flare Dorsal fin flare at any point during 

processing and handling.    

Head complex When held out of water, fish exhibited a 

regular pattern of ventilation, identified by 

the opening and closing of the operculum.  

VOR Observable when turned on side and the 

eye rolled to maintain level pitch, 

following the handler. 

Orientation  Observable when the fish was placed on 

its side and rolled to maintain equilibrium 

within 5 seconds. 

Tail grab Present when the fish burst swam away 

from handler attempting to grab the 

caudal fin. 

*Modified from Davis 2010 
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2.3. Live-well Retention Experiment: Effects of Live-well Retention and 

Water Quality Parameters  

Live-well retention experiments were run to understand the potential effects of 

live-well retention on plasma lactate levels and swim scores. Fish were housed in live-

wells, and exposed to various conditions, on a pontoon boat for six hours to simulate CR 

tournament conditions (see section 2.3.1 and 2.3.2). With the aid of local fishermen, 

Walleye were angled from Buffalo Pound (50°39′N 105°30′W) located in Southern 

Saskatchewan. Buffalo Pound was selected for this experiment because it has a maximum 

depth of 5.8 m, and an average of depth 3 m, thus eliminating barotrauma as a potential 

stressor.  

Fish were angled using a variety of tackle typical of Walleye anglers in the 

region. Volunteer anglers recorded the time fish were caught, air exposure time, and the 

depth at which fish were caught. Fish were transferred from anglers to a Rubbermaid 

container that held 19 liters of water. Immediately upon transfer to the Rubbermaid 

container, a small blood sample (~300 μl) was collected; blood processing was the same 

as experiment 1. A swim score was recorded before and after the bleeding procedure. 

Fish were stored in live-wells for six hours. After the six-hour period another blood 

sample and second set of swim scores were collected, and fish released. Additional 

information collected included total length, fork length, time to collect blood sample, 

weather conditions, and any other noteworthy observations related to fish condition (i.e. 

wounds and hemorrhaging).  



32 

2.3.1.  Experiment 3a: Temperature 

Walleye were angled during June 26th- July 7th 2018 for the temperature 

component of the live-well retention experiments. The surface temperature of lake water 

fluctuated between 16.3- 23°C over the course of these experiments. Angled fish were 

housed in live-wells at two different temperatures, 18 °C and 15 °C, ± 1°C. Tanks were 

set up to hold up to five fish each day, but sample size varied for each tank depending on 

the number of fish caught during the day. A total of 17 fish held were held in warm water 

live-wells, and 21 fish were held in the cool water live-wells throughout the experiment. 

Temperature was maintained over the course of the experiment using small water heaters 

or ice as required. Oxygen was monitored and maintained during the holding period using 

an oil-less air pump and air stones. 

2.3.2.  Experiment 3b: Conditioner 

Walleye were angled during July 27th- July 28th 2018 for the live-well conditioner 

component of the live-well retention experiments. The surface temperature for the lake 

was 23°C for both days of this experiment. Ice was added to the live-well to maintain 

temperatures at 19 °C ± 1°C. Walleye were placed in a live-well with or without 0.13 

mL/L API Stress Coat conditioner. During this experiment 10 fish were sampled for the 

control live-wells and 14 for the live-wells treated with API Stress Coat. Tanks were 

monitored and maintained the same way as done in the temperature experiments.  
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Chapter 3. 3. Results 

3.1. Quantifying Stress Experiment: Physiological and Behavioral Measures 

of Stress in Tournament Caught Walleye 

3.1.1.  Angler Surveys and Live-well Temperatures 

Live-well temperature data and angler survey data were collected from 150 

anglers across four competitive tournaments. Approximately 75% of the anglers 

continuously added fresh lake water, and 22% turned their live-well pumps on 

periodically over the course of the day, with times between when the pump was turned on 

varying between 5-60 minutes. The remaining 3% of anglers did not add any fresh lake 

water to their live-wells over the course of the tournament day. Approximately half of all 

anglers at the two warm water tournaments used ice to decrease live-well water 

temperature. No anglers used ice at the cool water tournaments. Only 10% of the 

surveyed anglers used live-well treatments in their live-wells. The most commonly used 

treatment was TH Marine G-Juice Live-well Treatment. Approximately, 86% of fish 

were caught at depths ranging between 4.5-7.5 meters, with 11% caught between 3-4.5 

meters; the remaining 3% were caught deeper than 7.5 meters. Fin weights were used to 

help fish maintain equilibrium (i.e. typical dorsoventral orientation) by 60% of anglers 

during these tournaments. The temperature in angler live-wells ranged between 12.5 °C 

and 25 °C during the four tournaments (Figure 4).  
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Figure 4: Mean average live-well water temperatures in a subset of boats at four 

tournaments. Temperature data were collected from 18-21 live-wells at four different 

angling tournaments in Saskatchewan using temperature loggers over the course of the 

two-day tournaments. A boxplot is represented as follows: the bottom of the lower 

whisker to the bottom of the box represents the 1st quartile group and contains 25 % of 

the data; the lower part of the box to the median line (middle point of data) represents the 

2nd quartile group and contains 25% of the data; the median line to the top of the box 

represents the 3rd quartile group and contains 25 % of the data; and, to the top of the box 

to the top of the upper whisker is the 4th quartile group, which contains the last 25 % of 

the data. Dots above the upper and below whiskers are outliers. 
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3.1.2.  Results from Statistical Analysis of Quantifying Stress Experiments 

The surface temperature near of that lake at the weigh-in station, for both SLWT 

and PWC were warm water tournaments with mean temperatures of 25 °C and 24.5 °C, 

respectively. The VC and RWC were cool water tournaments with mean temperatures of 

13.3 °C and 16.5 °C, respectively (Figure 4).  Data from the two warm and cool 

tournaments were grouped for statistical analyses. Fish associated with warm water 

tournaments (SLWT and PWC) had both plasma cortisol and lactate levels that were 

significantly different compared to cool water tournaments (RWC and VC; Figure 5-6). 

Mean plasma cortisol levels during cool water tournaments were 223  ± 74 ng/ml, and 

approximately 15 % higher than levels during warm water tournaments, which were 194 

±  67 ng/ml (Figure 5; Table 4). Mean plasma lactate levels during warm water 

tournaments were 14 ± 6 mM, and 27 % higher than mean plasma lactate levels during 

cool water tournaments, which were at 11 ±  5 mM (Figure 6; Table 6). 

Plasma lactate levels correlated with fish condition, while plasma cortisol did not 

correlate with fish condition. Fish categorized as either intermediate or non-releasable 

had plasma lactate levels that were significantly higher than those categorized as healthy, 

but were not significantly different from each other (Figure 5, Table 7). Fish categorized 

as non-releasable (18 ±  8 mM) and intermediate (14 ±  5 mM) had plasma lactate levels 

that were 80% and 40% higher, respectively, than healthy conditions (10 ±  4 mM). 

Plasma cortisol levels did not differ significantly between the three fish conditions 

(Figure 6, Table 5). 
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Figure 5. The probability estimates of plasma cortisol in healthy, intermediate and non-

releasable walleye sampled from two warm and two cool tournaments in Saskatchewan 

Canada. Probability estimates were derived from a generalized linear model. Gray 

symbols represent cortisol concentrations of individual fish, black symbols represent 

probability estimates from the model, and whiskers represent standard error of these 

estimates. Plasma cortisol concentrations differed significantly between warm and cool 

water tournaments. (gamma glm; p < 0.05).  
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Table 4: A generalized linear model (glm) was used to determine if fish condition and 

tournament temperature were predictive of plasma cortisol concentrations. Statistical 

output of the model including probability estimate, standard error, t-value, and p-value 

for fish condition and tournament temperature, and their interactions are presented. An 

asterisk (*) signifies statistical significance.  

 Estimate Standard Error t-value p-value 

Intercept (Healthy, Cool)  5.36407 0.03868 138.665 <2x10-16  * 

Intermediate  0.07830 0.07587 1.032 0.303050     

Non-releasable  0.13780 0.08386 1.643 0.101640     

Warm -0.19456 0.05729 3.396 0.000797 * 

Intermediate +Warm  0.11659 0.10154 1.148 0.251973     

Non-releasable +Warm  0.01735 0.11185 0.155 0.876844     

 

Table 5: Multiple comparison test following glm model for plasma cortisol to identify 

pairwise significant differences in fish condition for plasma cortisol levels.  

 Estimate Standard Error z value p-value 

Intermediate/healthy 0.0783 0.07587 1.032 0.552 

non-releasable/healthy 0.13780 0.08386 1.643 0.224 

non-releasable/intermediate 0.05950 0.09897 0.601 0.817 

 

Table 6: A generalized linear model was used to determine if fish condition and 

tournament temperature were predictive of plasma lactate concentrations. Statistical 

output of the model including probability estimate, standard error, t-value, and p-value 

for fish condition and tournament temperature, and their interactions are presented. An 

asterisk (*) signifies statistical significance. 

 Estimate Standard Error t value p-value 

Intercept (Healthy, Cool)  9.06882 0.04357  208.154 <2x10-16  * 

Intermediate  0.48702 0.08557  5.692 3.46e-08 * 

Non-releasable  0.55011 0.09742  5.647 4.37e-08 * 

Warm  0.31775 0.06593  4.819 2.48x10-6* 

Intermediate+Warm -0.30744 0.11648 -2.639 0.00882 *  

Non-releasable+Warm -0.05192 0.13039 -0.398 0.69083  

 

Table 7: Multiple comparison test following glm model for plasma lactate to identify 

pairwise significant differences in fish condition for plasma lactate levels.  

 Estimate Std. Error z-value p-value 

Intermediate/healthy 0.48702 0.08557 5.692 <1x10-5 * 

non-releasable/healthy 0.55011 0.09742 5.647 <1x10-5 * 

non-releasable/intermediate 0.06309 0.11409 0.553 0.843   
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Figure 6: The probability estimates of plasma lactate in healthy, intermediate and non-

releasable walleye sampled from two warm and two cool tournaments in Saskatchewan, 

Canada. Probability estimates were derived from a generalized linear model. Gray 

symbols represent lactate concentrations of individual fish, black symbols represent 

probability estimates from the model, and whiskers represent standard error of these 

estimates. Plasma lactate concentrations differed significantly between warm and cool 

water tournaments for fish of intermediate or non-releasable conditions compared to 

healthy condition fish, but not from each other (gamma glm; p < 0.05).   
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3.2.  Recovery Tank Experiment: Effects of Recovery Tank Water Quality 

Parameters and Live-well Treatment on Stress and Recovery in Tournament 

Caught Walleye 

3.2.1.  Angler Live-well Sampling and Tournament Conditions  

Water quality parameters collected from bottles taken from volunteer angler live-

wells and recovery tanks included temperature, ammonia, DO, and pH; these parameters 

varied slightly between tournaments (Table 8). Temperature loggers were collected from 

angler live-wells, and ranged from 8.7 – 22.4°C (Figure 7). Both SLWT and PWC were 

warm tournaments and had mean water temperatures of the experimental recovery tanks 

at 22.4 °C and 22.2 °C, respectively (Table 9). In contrast, RBWC, LMWC and RWC 

were cool tournaments, with respective mean temperatures of the experimental recovery 

tanks at 17.4 °C, 17.4 °C, and 17.06 °C (Table 9). The final tournament, VC, was 

considered a cold water tournament when compared to the other tournaments, with a 

mean temperature of the experimental recovery tanks at 8.76 °C (Table 9). The other 

water parameters associated with angler live-wells ranged between 7.43-8.51 for pH, 0.3-

0.8 mg/l for ammonia, and 6.01-8.51 PPT for DO. The water quality parameters 

associated with experimental recovery tanks ranged between 0.12-0.70 mg/l for ammonia 

and 5.61-9.48 PPT for DO in control tanks, and 0.17-1.17 mg/l for ammonia and 6.79-

9.95 PPT for DO in treated tanks (Table 9).  

Quantitative and qualitative data were collected during each tournament to 

provide additional information on fish condition during recovery tank experiments; this 

included temperature, wind, and high handling times. Wind was of particular concern for 

RBWC, so much so the first day of the tournament was canceled due to winds ranging 

from 36-52 km/h northwest, and averaging 32 km/h on the second day. Air exposure 
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times during weigh-in procedure for all tournaments except LMWC ranged between 2-5 

minutes. LMWC added water to holding bins for the tournament and holding times 

ranged from 3-20 minutes Fish in these conditions showed significantly higher plasma 

cortisol levels. All tournaments, with the exception of PWC, held fish for 8-10 hours. 

PWC weighed and released fish halfway through, and at the end of the day, reducing 

holding time in angler live-wells by four hours.  
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Table 8: Mean (±Standard deviation (SD)) pH, ammonia, and dissolved oxygen 

concentrations of angler live-well water at each of six Walleye tournaments.  

 Average angler live-well water quality measurements 

Tournaments pH Ammonia (mg/l ± SD) DO2 (mg/L ± SD) 

RBWC1 7.66 ± 0.51 0.3 ± 0.1 8.09 ± 0.60 

RWC 7.34 ± 0.34 N/A 7.25 ± 0.82 

SLWT 7.50 ± 0.45 0.4 ± 0.6 6.01 ± 0.81 

PWC 7.92 ± 0.25 0.7 ± 0.7 6.26 ± 0.74 

LMWC 8.51 ± 0.15 0.8 ± 0.7 6.75 ± 0.62 

VC 7.73 ± 0.42 0.3 ± 0.3 8.51 ± 0.73 

1 Regina Beach Walleye Classic (RBWC), Riverhurst Walleye Classic (RWC), Sask Landing Walleye Tournament (SLWT), 

Premier’s Walleye Cup, Last Mountain Walleye Classic (LMWC), Vanity Cup (VC);DO Dissolved Oxygen  
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Figure 7: Mean live-well water temperatures in a subset of boats at six tournaments. 

Temperature data were collected from 18-21 live-wells at six different angling 

tournaments in Saskatchewan using temperature loggers over the course of the two-day 

tournaments. A boxplot is represented as follows; the bottom of the lower whisker to the 

bottom of the box represents the 1st quartile group and contains 25 % of the data, the 

lower part of the graph to the median line (middle point of data) represents the 2nd 

quartile group and contains 25% of the data, the median line to the top of the box 

represents the 3rd quartile group and contains 25 % of the data, and to the top of the box 

to the top of the upper whisker is the 4th quartile group, which contains the last 25 % of 

the data. Dots above the upper whisker are outliers. 
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Table 9: Mean (±Standard deviation (SD)) temperature, ammonia, and dissolved oxygen 

concentrations for control and treated recovery tanks during each of the six sampled 

tournaments.  

 Mean recovery tank water quality measurements 

Tournaments Temperature (°C) DO mg/L Ammonia mg/l 

 Control Treated3 Control Treated Control Treated 

RBWC1 17.58 17.22 8.25 8.51 0.63 0.52 

RWC 17.09 17.02 7.99 7.82 0.2 0.32 

SLWT 22.43 22.34 5.61 6.79 0.12 0.34 

PWC 23.35 23.06 6.79 6.96 0.38 0.77 

LMWC 17.58 17.22 7.50 7.51 0.70 1.17 

VC 9.08 8.43 9.48 9.95 0.12 0.17 

1 Regina Beach Walleye Classic (RBWC), Riverhurst Walleye Classic (RWC), Sask Landing Walleye Tournament (SLWT), 

Premier’s Walleye Cup, Last Mountain Walleye Classic (LMWC), Vanity Cup (VC), 2 dissolved oxygen (DO), 3 Treated includes 

addition of Please Release Me live-well treatment 
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3.2.2. Results from Statistical Analysis of Recovery Tank Experiments 

Most tournaments were significant predictors for plasma cortisol, plasma lactate, 

and blood glucose levels in Walleye. The results of the GAM showed an effect of 

tournament on plasma cortisol, plasma lactate, and blood glucose levels (Figures 8-10, 

Tables 10 - 15). Water temperatures at VC were substantially cooler than other 

tournaments, and Walleye from this tournament had low plasma cortisol and lactate 

levels. Walleye at LMWC had high plasma cortisol and lactate levels. Mean plasma 

cortisol levels ±   standard deviation were the highest for Walleye at LMWC (334 ±  168 

ng/ml), followed by SLWT (281 ±  137 ng/ml), RBWC (244 ±  106 ng/ml), VC (216 ±  

100 ng/ml), PWC (212 ±  89 ng/ml), and RWC (168 ±  73 ng/ml) (Figure 8, Table 10 

and 11). LMWC Walleye had 99% higher cortisol levels than those of RWC. Mean 

Walleye plasma lactate levels ±  standard deviation were highest at RBWC (11  ±  4 

mM), followed by SLWT (11  ±  7 mM), LMWC (9  ±  4 mM), PWC (8  ±  4 mM), 

RWC (8  ±  5 mM), and VC (6  ±  4 mM) (Figure 9, Table 12 and 13). Plasma lactate 

levels for Walleye at RBWC were 93% higher than VC. Walleye at VC had the highest 

mean blood glucose levels ±  standard deviation at (13.5 ± 5.15 mmol/l), followed by 

LMWC (10.03 ± 5.12 mmol/l), RWC (7.74 ± 4.87 mmol/l), RBWC (5.8 ± 4.16 mmol/l), 

SLWC (5.05 ± 2.75 mmol/l), and PWC (4.95 ± 2.51 mmol/l) (Figure 10, Table 14 and 

15). Walleye at VC had blood glucose concentrations that were 173% higher than the 

lowest levels, which were measured at PWC. 
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Figure 8: A scatterplot showing plasma cortisol levels in walleye associated with six 

angling tournaments in Saskatchewan Canada. Plasma samples were collected 

immediately after weigh-in procedures (Before) and following four hours of housing 

(After) in a recovery tank, with two groups either with a continuous flow of fresh lake 

water (Control) or a closed tank containing well aerated water and contained Please 

Release Me Live-well Treatment (Treated). Generalized additive models were used to 

test for differences between plasma cortisol levels between tournaments, before and after 

housing in recovery tanks, and between control and treated groups. There was a 

significant difference between most tournaments, however, there was not a significant 

difference between before and after four of holding or between treated groups. Gray 

symbols represent cortisol concentrations of individual fish, black symbols represent 

probability estimates from the model, and whiskers represent standard error of these 

estimates. Regina Beach Walleye Classic (RBWC), Riverhurst Walleye Classic (RWC), 

Sask Landing Walleye Tournament (SLWT), Premier’s Walleye Cup, Last Mountain 

Walleye Classic (LMWC), Vanity Cup (VC) 



46 

 

Figure 9:  A scatterplot showing plasma lactate levels in walleye associated with six 

angling tournaments in Saskatchewan Canada. Plasma samples were collected 

immediately after weigh-in procedures (Before) and following four hours of housing 

(After) in a recovery tank, with two groups either with a continuous flow of fresh lake 

water (Control) or a closed tank containing well aerated water and contained Please 

Release Me Live-well Treatment (Treated). Generalized additive models were used to 

test for differences between plasma cortisol levels between tournaments, before and after 

housing in recovery tanks, and between control and treated groups. There was a 

significant difference between most tournaments, and between before and after four of 

holding, however, there was not a significant difference between treated groups. Gray 

symbols represent lactate concentrations of individual fish, black symbols represent 

probability estimates from the model, and whiskers represent standard error of these 

estimates. Regina Beach Walleye Classic (RBWC), Riverhurst Walleye Classic (RWC), 

Sask Landing Walleye Tournament (SLWT), Premier’s Walleye Cup, Last Mountain 

Walleye Classic (LMWC), Vanity Cup (VC) 
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Figure 10:  A scatterplot showing blood glucose levels in walleye associated with six 

angling tournaments in Saskatchewan Canada. Plasma samples were collected 

immediately after weigh-in procedures (Before) and following four hours of housing 

(After) in a recovery tank, with two groups either with a continuous flow of fresh lake 

water (Control) or a closed tank containing well aerated water and contained Please 

Release Me Live-well Treatment (Treated). Generalized additive models were used to 

test for differences between plasma cortisol levels between tournaments, before and after 

housing in recovery tanks, and between control and treated groups. There was a 

significant difference between most tournaments, however, there was not a significant 

difference between before and after four of holding or between treated groups. Gray dots 

represent glucose concentrations of individual fish, black symbols represent probability 

estimates from the model, and whiskers represent standard error. Regina Beach Walleye 

Classic (RBWC), Riverhurst Walleye Classic (RWC), Sask Landing Walleye 

Tournament (SLWT), Premier’s Walleye Cup, Last Mountain Walleye Classic (LMWC), 

Vanity Cup (VC) 

]  
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Table 10. A Generalized additive model (GAM) was used to test if tournament, housing 

in recovery tanks (i.e. before and after) and treatment with Please Release Me live-well 

treatment are predictive of plasma cortisol concentrations.  Statistical output of the model 

including probability estimate, standard error, t-value, and p-value for fish tournament, 

treatment (control vs Please Release me), and before and after housing for 4 hours in a 

live-well, and their interactions are presented. An asterisk (*) signifies statistical 

significance. 

 Estimate Standard Error t-value p-value     

Intercept  

(VC, Control, Before) 

5.2009586 0.0997321 52.149 <2x10-16  * 

Treatment1 0.2096343 0.1399007 1.498 0.135304     

LMWC2 0.5130310 0.1399007 3.667 0.000301*  

SLWT 0.3644295 0.1410400 2.584 0.010350* 

PWC 0.1216884 0.1410400 0.863 0.389095     

RBWC 0.0822420 0.1747838 0.471 0.638391     

RWC 0.0080178 0.1399007 0.057 0.954345     

Before/After3 -0.0457153 0.0927950 -0.493 0.622702     

Treatment + LMWC -0.3815349 0.1978478 -1.928 0.054958  

Treatment+ SLWT -0.1186734 0.2021154 -0.587 0.557639     

Treatment +PWC -0.3064378 0.2005416 -1.528 0.127791     

Treatment +RBWC -0.0004944 0.2499346 -0.002 0.998423     

Treatment +RWC -0.4227450 0.1970372 -2.146 0.032896*  

Treatment +Before/After -0.0151326 0.1272030 -0.119 0.905401     

LMWC + Before/After 0.1129327 0.1272030 0.888 0.375512     

SLWT + Before/After 0.0566556 0.1284550 0.441 0.659563     

PWC + Before/After 0.1049902 0.1284550 0.817 0.414534     

RBWC:+ Before/After 0.3288237 0.1584354 2.075 0.038990*  

RWC+ Before/After -0.1660774 0.1272030 -1.306 0.192911     

Treatment +LMWC +  

Before/After 

0.1906200 0.1778767 1.072 0.284936     

Treatment +SLWT + 

Before/After  

-0.2113764 0.1823151 -1.159 0.247422     

Treatment +PWC + 

 Before/After 

-0.0106271 0.1808682 -0.059 0.953194     

Treatment +RBWC + 

Before/After 

-0.2753630 0.2255031 -1.221 0.223220     

Treatment +RWC +  

Before/After 

0.2404853 0.1769746 1.359 0.175438    

1 Treated includes addition of Please Release Me live-well treatment, 2 Regina Beach Walleye Classic (RBWC), Riverhurst Walleye 

Classic (RWC), Sask Landing Walleye Tournament (SLWT), Premier’s Walleye Cup, Last Mountain Walleye Classic (LMWC), 

Vanity Cup (VC), 3 Before/After include samples taken before and after four hours of holding  
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Table 11. This table shows the multiple comparison following the fitted generalized 

mixed effects model (glmer) to identify pairwise significance between each tournament 

for plasma cortisol levels. An asterisk (*) signifies statistical significance. 

 Estimate Std. Error z value p-value     

LMWC – VC1 0.47411 0.09523 4.978 <0.001 * 

SLWT - VC 0.22627 0.09627 2.350 0.1721    

PWC - VC 0.01444 0.09565 0.151 1.0000     

RBWC – VC 0.10827 0.11790 0.918 0.9412     

RWC - VC -0.16642 0.09523 -1.747 0.4972     

SLWT - LMWC -0.24784 0.09585 -2.586 0.0994 .   

PWC - LMWC -0.45967 0.09523 -4.827 <0.001 * 

RBWC - LMWC -0.36584 0.11756 -3.112 0.0225 *   

RWC - LMWC -0.64053 0.09482 -6.755 <0.001 * 

PWC - SLWT -0.21184 0.09627 -2.201 0.2349     

RBWC - SLWT -0.11800 0.11840 -0.997 0.9182     

RWC - SLWT -0.39269 0.09585 -4.097 <0.001 * 

RBWC - PWC 0.09384 0.11790 0.796 0.9679     

RWC - PWC -0.18085 0.09523 -1.899 0.3996     

RWC - RBWC -0.27469 0.11756 -2.337 0.1772  
1 Regina Beach Walleye Classic (RBWC), Riverhurst Walleye Classic (RWC), Sask Landing Walleye Tournament (SLWT), 

Premier’s Walleye Cup, Last Mountain Walleye Classic (LMWC), Vanity Cup (VC), 
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Table 12. A Generalized additive model (GAM) was used to test if tournament, housing 

in recovery tanks (i.e. before and after) and treatment with Please Release Me live-well 

treatment are predictive of plasma lactate concentrations.  Statistical output of the model 

including probability estimate, standard error, t-value, and p-value for fish tournament, 

treatment (control vs Please Release me), and before and after housing for 4 hours in a 

live-well, and their interactions are presented. An asterisk (*) signifies statistical 

significance. 

 Estimate Standard 

 Error 

t value p-value  

Intercept 

(VC, Control, Before) 

8.45787 0.12212 69.261 <2x10-16  * 

Treatment -0.05010 0.17270 -0.290 0.77196     

LMWC 0.45911 0.17112 2.683 0.00776 *  

SLWT 0.68665 0.17112 4.013 7.83e-05 * 

PWC 0.41336 0.17270 2.394 0.01739 *   

RBWC 0.62335 0.21435 2.908 0.00395 *  

RWC 0.37098 0.17112 2.168 0.03105 *   

Before/After 0.39396 0.11848 3.325 0.00101 *  

Treatment + LMWC 0.08698 0.24312 0.358 0.72079     

Treatment + SLWT 0.04198 0.24312 0.173 0.86304     

Treatment + PWC -0.33726 0.24547 -1.374 0.17062     

Treatment + RBWC 0.27437 0.30783 0.891 0.37358     

Treatment + RWC -0.10014 0.24200 -0.414 0.67935     

Treatment + Before/After -0.24906 0.16756 -1.486 0.13836     

LMWC + Before/After  -0.16620 0.16593 -1.002 0.31745     

SLWT + Before/After -0.35977 0.16593 -2.168 0.03104 *   

PWC + Before/After -0.09521 0.16756 -0.568 0.57036     

RBWC + Before/After -0.34365 0.20814 -1.651 0.09991 .   

RWC + Before/After -0.20659 0.16593 -1.245 0.21423     

Treatment + LMWC+ Before/After 0.33450 0.23581 1.419 0.15722     

Treatment + SLWT+ Before/After  0.31240 0.23581 1.325 0.18640     

Treatment + PWC + Before/After 0.58729 0.23823 2.465 0.01433 *   

Treatment + RBWC + Before/After 0.42831 0.29918 1.432 0.15345     

Treatment +RWC + Before/After 0.29704 0.23466 1.266 0.20669    
1 Treated includes addition of Please Release Me live-well treatment, 2 Regina Beach Walleye Classic (RBWC), Riverhurst Walleye 

Classic (RWC), Sask Landing Walleye Tournament (SLWT), Premier’s Walleye Cup, Last Mountain Walleye Classic (LMWC), 

Vanity Cup (VC), 3 Before/After include samples taken before and after four hours of holding 
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Table 13. Multiple comparison following the fitted generalized mixed effects model 

(glmer) to identify pairwise significance between each tournament for plasma lactate 

levels. An asterisk (*) signifies statistical significance. 

 Estimate Standard Error. z-value p-value 

LMWC – VC1 0.58725 0.12131 4.841 <0.001 * 

SLWT - VC 0.68415 0.12131 5.640 <0.001 * 

PWC - VC 0.49153 0.12187 4.033 <0.001 * 

RBWC - VC 0.80392 0.15027 5.350 <0.001 * 

RWC - VC 0.36633 0.12131 3.020 0.0299 *   

SLWT – LMWC 0.09690 0.12075 0.802 0.9667     

PWC - LMWC -0.09572 0.12131 -0.789 0.9690     

RBWC - LMWC 0.21667 0.14982 1.446 0.6959     

RWC - LMWC -0.22092 0.12075 -1.830 0.4434     

PWC - SLWT -0.19262 0.12131 -1.588 0.6037     

RBWC - SLWT 0.11977 0.14982 0.799 0.9672     

RWC - SLWT -0.31782 0.12075 -2.632 0.0881 .   

RBWC - PWC 0.31239 0.15027 2.079 0.2955     

RWC - PWC -0.12520 0.12131 -1.032 0.9061     

RWC - RBWC -0.43760 0.14982 -2.921 0.0399 *  
1 Regina Beach Walleye Classic (RBWC), Riverhurst Walleye Classic (RWC), Sask Landing Walleye Tournament (SLWT), Premier’s 

Walleye Cup, Last Mountain Walleye Classic (LMWC), Vanity Cup (VC), 
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Table 14. A Generalized additive model (GAM) was used to test if tournament, housing 

in recovery tanks (i.e. before and after) and treatment with Please Release Me live-well 

treatment are predictive of blood glucose concentrations.  Statistical output of the model 

including probability estimate, standard error, t-value, and p-value for fish tournament, 

treatment (control vs Please Release me), and before and after housing for 4 hours in a 

live-well, and their interactions are presented. An asterisk (*) signifies statistical 

significance. 

 Estimate Standard 

Error 

t-value p-value     

Intercept 

(VC, Control, Before) 

2.20211 0.11293 19.499 <2x10-16  * 

Treatment 0.04689 0.16079 0.292 0.77084     

PWC -0.52997 0.16079 -3.296 0.00113 *  

RBWC -0.95184 0.19929 -4.776 3.16e-06 * 

RWC -0.19663 0.15971 -1.231 0.21950     

SLWT -0.74047 0.16079 -4.605 6.78e-06 * 

LMWC 0.47872 0.15971 2.997 0.00302 *  

Before/After -0.14949 0.08976 -1.666 0.09715 .   

Treatment + PWC -0.13802 0.22898 -0.603 0.54724     

Treatment + RBWC 0.68282 0.28573 2.390 0.01766 *   

Treatment + RWC 0.11237 0.22739 0.494 0.62165     

Treatment + SLWT 0.08843 0.22991 0.385 0.70086     

Treatment + LMWC -0.12508 0.22663 -0.552 0.58154     

Treatment + Before/After 0.15861 0.12693 1.250 0.21273     

PWC + Before/After -0.02502 0.12693 -0.197 0.84391     

RBWC + Before/After 0.20362 0.15790 1.290 0.19849     

RWC + Before/After 0.11134 0.12557 0.887 0.37615     

SLWT + Before/After 0.02877 0.12693 0.227 0.82088     

LMWC + Before/After -0.06321 0.12557 -0.503 0.61518     

Treatment + PWC + Before/After  -0.40898 0.18057 -2.265 0.02444 *   

Treatment + RBWC +Before/After  -0.26447 0.23178 -1.141 0.25502     

Treatment + RWC + Before/After -0.23757 0.17855 -1.331 0.18464     

Treatment + SLWT + Before/After  -0.05337 0.18176 -0.294 0.76930     

Treatment + LMWC+ Before/After -0.16943 0.17758 -0.954 0.34102  
1 Treated includes addition of Please Release Me live-well treatment, 2 Regina Beach Walleye Classic (RBWC), Riverhurst Walleye 

Classic (RWC), Sask Landing Walleye Tournament (SLWT), Premier’s Walleye Cup, Last Mountain Walleye Classic (LMWC), 

Vanity Cup (VC), 3 Before/After include samples taken before and after four hours of holding 
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Table 15. Multiple comparison following the fitted generalized mixed effects model 

(glmer) to identify pairwise significance between each tournament for blood glucose 

levels. An asterisk (*) signifies statistical significance. 

 Estimate Standard error z value p-value     

LMWC – VC1 -0.29978 0.10848 -2.764 0.0625 .   

SLWT - VC -1.00432 0.10890 -9.222 <0.001 * 

PWC – VC -1.11430 0.10890 -10.232 <0.001 * 

RBWC – VC -0.94310 0.13578 -6.946 <0.001 * 

RWC - VC -0.50075 0.10848 -4.616 <0.001 * 

SLWT - LMWC -0.70454 0.10890 -6.470 <0.001 * 

PWC - LMWC -0.81452 0.10890 -7.479 <0.001 * 

RBWC - LMWC -0.64331 0.13578 -4.738 <0.001 * 

RWC – LMWC -0.20097 0.10848 -1.853 0.4282     

PWC - SLWT -0.10998 0.10933 -1.006 0.9150     

RBWC - SLWT 0.06122 0.13612 0.450 0.9977     

RWC - SLWT 0.50357 0.10890 4.624 <0.001 * 

RBWC - PWC 0.17121 0.13612 1.258 0.8059     

RWC - PWC 0.61355 0.10890 5.634 <0.001 * 

RWC - RBWC 0.44234 0.13578 3.258    0.0140 *   
1 Regina Beach Walleye Classic (RBWC), Riverhurst Walleye Classic (RWC), Sask Landing Walleye Tournament (SLWT), Premier’s 

Walleye Cup, Last Mountain Walleye Classic (LMWC), Vanity Cup (VC), 
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Fish held in tanks treated with SureLife Please Release Me did not differ 

significantly from fish held in control tanks for plasma cortisol, plasma lactate, or blood 

glucose levels (Figure 8-10) despite not receiving any fresh lake water over the course of 

the four hour holding period. Additionally, as previously mentioned, there was very little 

variation among water quality parameters for experimental tanks between tournaments, 

and no parameters reached critical levels for this species, with the exception of ammonia 

levels for LMWC. Ammonia levels were slightly higher in treated tanks when compared 

to tanks that were set to add lake water continuously (Controls). Notably, there were also 

no significant differences in Walleye plasma cortisol or blood glucose concentrations 

between samples collected before and after four hours of holding in recovery tanks 

(Figure 8 and 10). By comparison, plasma lactate levels were 9% higher in samples taken 

before (9.6  ±  4.7 mM) Walleye were placed in recovery tanks, than 4 hours after (8.8  

± 5.4 mM). 

3.2.3. Behavioral Indicators of Stress 

There was a significant differences between chi squared models for behavioral 

indicators of stress, between tournaments (df = 45, p-value = 0.000988), (Figure 11 and 

12). There was not a statistically significant difference between treated and control 

recovery tanks (df=6, p-value = 0.1178), (Figure 11) Lastly, there was a significant 

difference for behavioral cues between fish placed in recovery tanks, before treatment or 

four hours in after treatment in recovery tanks (df = 54, p-value = 6.626X-05), (Figure 11). 

VOR and Head Complex did not change during the tournaments and was not included in 

the analysis.  



55 

3.3.  Live-well Retention Experiment: Effects of Live-well Retention and 

Water Quality Parameters  

Time for sample collection varied during these experiments. Air exposure time 

between hook removal and placing the fish in a boat live-well remained low, between 8-

35 seconds. The time between fish capture and first bleed ranged between one minute and 

1.5 hours. The time for handling the fish for the first bleed ranged from 30 seconds to 

three minutes; the range was greater for the second bleed, taking between 30 seconds and 

10 minutes. 

Plasma lactate levels for Walleye increased after they were held in live-wells for 

six hours. There was no significant difference in live-wells with a warmer versus cooler 

live-well water temperature (Figure 13, Table 16). There was also no significant 

difference between control live-wells and live-wells treated with API Stress Coat (Figure 

13, Table 16). Plasma lactate levels were 46% higher in samples taken after (15 ± 8 mM) 

fish were placed in live-wells for six hours when compared to before (10 ± 3 mM) fish 

were placed in live-wells (Figure 14, Table 17). 
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Figure 11: A barplot showing mean behavioral cues in walleye associated with six 

angling tournaments in Saskatchewan Canada. Behavioral cues were sums of reflex 

scores and swim scores with each reflex at 0 for present and 1 for absent and swim score 

on a 0-5 scale. Behavioral cues for reflexes include body flex, dorsal flare, orientation, 

tail grab. Swim scores were collected immediately after weigh-in procedures (Before) 

and following four hours of housing (After) in a recovery tank, with two groups either 

with a continuous flow of fresh lake water (Control) or a closed tank containing well 

aerated water and contained Please Release Me Live-well Treatment (Treated). The 

reflexes and swim scores were summed in order to run a chi-squared test. These reflexes 

did differ significantly between tournaments, and before/after treatment, but not between 

treated/control groups.  Regina Beach Walleye Classic (RBWC), Riverhurst Walleye 

Classic (RWC), Sask Landing Walleye Tournament (SLWT), Premier’s Walleye Cup, 

Last Mountain Walleye Classic (LMWC), Vanity Cup (VC)  
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Table 16: A generalized linear model was used to determine if live-well treatment or 

temperature were predictive of plasma lactate concentrations. Statistical output of the 

model including probability estimate, standard error, t-value, and p-value for live-well 

treatment and temperature. Asterisk (*) signifies statistical significance. 

 Estimate Standard Error t-value p-value    

Intercept (Control) 9.70858 0.19099 50.833 <2x10-16  * 

Cool -0.01769 0.23391 -0.076 0.940     

Treated -0.14515 0.24845 -0.584 0.562     

Warm -0.20215 0.24480 -0.826 0.413   
1 Treated includes addition of API Stress Coat  

 

Table 17: A generalized linear model was used to determine if there was a statistically 

significant difference between before and after six hours of holding in a live-well with 

various treatments of plasma lactate concentrations. Statistical output of the model 

including probability estimate, standard error, t-value, and p-value for before and after six 

hours of holding in a live-well with various treatments. Asterisk (*) signifies statistical 

significance. 

 Estimate Standard Error t-value p-value 

Intercept (Before) 800.841 2.301 x10-1   38.42 <2x10-16  * 

After 7.142-5 2.088-5 3.42 0.00123 *  
3 Before/After include samples taken before and after six hours of holding 
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Figure 12: Plasma lactate levels in Walleye while being held in various treatments in 

Saskatchewan, Canada. Plasma samples were collected immediately after angling 

procedures and placed in live-wells, with two groups either held in Warm water or Cool 

water or Treated with API Stress Coat (Treated) or without (Control). Gray symbols 

represent lactate concentrations of individual fish, black symbols represent probability 

estimates from the model, and whiskers represent standard error of these estimates. 

Generalized linear models were used to test for differences between plasma lactate levels 

for these treatments. No significant differences were found. 
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Figure 13: Plasma lactate levels in Walleye while being held in various treatments in 

Saskatchewan, Canada. Plasma samples were collected immediately after angling 

procedures (Before) and following six hours of housing (After) in live-wells. Gray 

symbols represent lactate concentrations of individual fish, black symbols represent 

probability estimates from the model, and whiskers represent standard error of these 

estimates. Generalized linear models were used to test for differences between plasma 

lactate levels for these treatments. There was a significant difference between before and 

after 6 hours of holding in live-wells.  
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Chapter 4. 4. Discussion  

To understand the impacts of tournaments on Walleye, fish were collected 

immediately after tournament-associated weigh-in stations, and assessed for both 

physiological and behavioral indicators of stress. When sampled immediately after 

weigh-in, numerous fish showed clear signs of stress based on their swim scores, which 

were later confirmed by the observed increases in plasma cortisol and lactate 

concentrations. Temperature was found to be an influential variable when considering 

stress Walleye experience during tournaments when using these indicators, however, it 

was not the only variable affecting stress in Walleye. While the quantifying stress 

experiment clearly showed higher levels of plasma lactate for warmer tournaments, the 

trend was not as clear for the recovery tank experiment. Challenging weather conditions, 

and variable tournament weigh-in facilities and procedures associated with fish sampling 

from tournaments could have escalated physiological parameters during recovery tank 

experiments. These included high winds, high handling times, and variations associated 

with tournament mandated live-well holding times. Other studies have found that, in 

good conditions, live-wells are an opportune time to aid in recovery from stressors 

associated with the angling process for both Bass and Walleye (Suski et al 2006, Killen et 

al. 2006). However, live-wells not held at ideal conditions, as seen when wind and 

temperatures are high, can slow recovery. Thus, live-wells can be responsible for 

increasing stress in Walleye during tournaments, and steps should be taken to ensure live-

well conditions are as close to optimal as possible. Importantly, in my study, plasma 

lactate improved slightly in recovery tanks after four hours of holding (recovery tank 
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experiments) suggesting recovery from acute stressors is possible, albeit lengthy, with as 

much as four hours of holding time.  

Plasma cortisol levels during cooler tournaments showed slightly higher increases 

than those seen in warmer tournaments. Temperature is known to contribute to slow 

recovery from angling tournament related stressors in Largemouth Bass (Suski et al 

2006). This study observed similar findings in Walleye for the recovery tank experiments 

for plasma lactate and cortisol levels. Plasma cortisol did not improve with four hours of 

holding for either treatment in the recovery tank experiments. This may be due partially 

to water temperatures at some tournaments being higher or lower than those thought to be 

ideal for recovery in this species (18 °C; Graeb et al. 2005). Barton et al. (2003), found 

that temperatures 6°C higher than acclimation temperatures contributed to escalated 

plasma cortisol levels, which remained elevated at three hours after the stressor; however, 

they did return to resting levels within 24 hours of the acute stressor. Walleye typically 

reach peak plasma cortisol levels within 30 minutes to one hour, and return to resting 

levels within 24 hours of an acute stressor (Barton et al. 2003). Our study did not show 

that angler live-wells were drastically different from surface water temperatures, which is 

likely the reason our study did not show higher levels of plasma cortisol for warmer 

tournaments. The increases in plasma cortisol are likely temperature-dependent, as other 

studies have shown dramatically higher cortisol levels with higher temperatures in 

Sunshine Bass (Morone spp.) (20-30°C) (Davis 2004).  

Plasma lactate in Walleye caught at tournaments was also affected by temperature 

and weather conditions in both the quantifying stress experiment and recovery tank 

experiment. This was clearly seen with RBWC, where winds for the event were high, and 
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SLWT, which recorded the highest temperatures in both experiments. High winds cause 

Walleye to reposition in the live-well to avoid making contact with live-well walls, which 

increases stress during holding. However, Walleye are likely to avoid repositioning, 

resulting in more frequent contact with live-well walls, which increases respiration and 

potentially causes physical damage to the fish (Suski et al. 2005). These likely affected 

metabolic demands as this study found high plasma lactate levels, which are indicative 

that fish were using anaerobic metabolism. This is a likely explanation for high plasma 

lactate levels for RBWC, as the first day of this tournament was canceled due to winds 

above 50km/h; although wind speeds dropped to 32km/h during the second day of the 

tournament, they were still higher than other tournaments. 

Air exposure and exhaustive exercise have been shown to increase lactate levels 

in fish (Ferguson and Tufts 1992), which makes the act of angling and weigh-in 

processing associated with tournaments of particular concern for fish. Killen et al. (2003) 

showed that low oxygen, high temperatures, and high concentrations of nitrogenous 

waste contributed to increases in muscle and plasma lactate levels following tournament 

stressors. The recovery tank experiment showed an improvement in plasma lactate levels 

after four hours holding in a recovery tank, which is likely due to holding conditions that 

included adequate levels of oxygen, low levels of ammonia, and lacked any negative 

environmental conditions such jostling due to as high winds. However, live-well 

retention experiments showed increases in plasma lactate levels after six hours of holding 

in tanks on a boat. In these tanks, fish experienced jostling and tanks did not have a 

continuous flow of fresh lake water, which might have allowed ammonia levels to rise, 

and oxygen levels to decrease although they never reached lethal limits. Further studies 
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into the effects of boat live-well water quality parameters through a normal tournament 

day could be useful in understanding how Walleye under metabolic stress can be affected 

by these parameters.  

During the recovery tank experiment, temperature had an effect on blood glucose 

levels as all three of the warm tournaments had lower levels of glucose compared to 

cooler tournaments, which was especially evident at VC (8°C). Another study found 

similar results; glucose levels are known to decrease when temperatures increase during 

confinement stressors for Bass, because metabolic demands are higher during warmer 

water temperatures (Davis 2004). Additionally, cortisol is believed to be partially 

responsible for mobilizing energy reserves, typically through the activation of glycogen 

phophorylase and glycogenolysis (Gomez-Munoz et al. 1989), directly increasing plasma 

glucose levels. However, glucose levels are known to be variable in fish during events of 

stress (Mommsen 1999), and blood glucose levels for this study stayed elevated, similar 

to plasma cortisol during the recovery tank experiment, but did not follow the same 

trends as plasma cortisol in relation to which tournaments had escalated levels. This is 

likely due to the role temperature plays in the metabolism of fish and subsequently blood 

glucose levels.  

Our results showed that plasma lactate levels did not recover during live-well 

retention experiments after six hours of holding, irrespective of temperature or the 

addition of the API Stress Coat treatment. Somewhat consistent with this finding were 

observations that Largemouth Bass (Micropterus spp.) recovered in tanks 10 and 4°C 

below or 8°C above ambient water temperatures of 24°C had plasma cortisol, lactate, 

chloride, and osmolality levels that remained elevated after two hours in recovery tanks 
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(Suski et al. 2006). However, for the recovery tank experiment, plasma lactate did show 

improvement after four hours in recovery tanks, which is likely due to optimal water 

quality settings for these tanks. A study on Atlantic Salmon showed warmer temperatures 

removed lactate levels within four hours, compared to cooler temperatures. This is mostly 

like related to increased ventilation and cardiac rates and metabolism at higher 

temperatures that serve to increase lactate clearance and metabolism (Galloway and 

Kieffer 2003). While cooler temperatures have shown to decrease recovery times due to 

slower diffusion rates for lactate to clear (Galloway and Kieffer 2003), it may also be true 

that cooler lake surface temperatures reduce the intensity of the stress response, which is 

seen in Walleye during this study. This is similar to results from Suski et al. (2006) who 

found that warmer temperatures did not improve recovery rates, and plasma lactate levels 

stayed high throughout the holding times. Finally, I showed that PWC, despite being a 

warmer tournament, had lower plasma cortisol and lactate levels, but higher blood 

glucose levels. One likely explanation for this is related to the rules for this tournament, 

which mandate a maximum of three fish per live-well and that Walleye are only held in 

live-wells for a maximum of four hours. This ensures that half of the fish caught are 

delivered to the weigh-in station half way through the fishing day and then released. 

Further research into the effects of retention times is necessary to understand the changes 

in physiological condition of Walleye, but these data suggest that mandating two weigh-

ins per team per day could reduce the impact on Walleye.   

During the recovery tank experiment there was no significant difference between 

controls and tanks treated with Please Release Me, for indicators of stress in Walleye. 

Importantly, controls were continuously refreshed with lake water, removing harmful 
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waste build-up and maintaining adequate oxygen levels whereas the tanks treated with 

Please Release Me remained well-aerated but received no fresh lake water. The fact that 

there were no significant differences between control and closed but treated tanks 

indicates that live-well treatments did help mediate the negative repercussions of live-

wells that were not continuously flushed with lake water. One study showed that adding 1 

% Sodium Chloride or/and 0.1% Calcium chloride aided in reducing osmotic imbalances, 

which are often challenges during transportation (Mazik et al. 1991, Barton et al. 2003). 

While the manufacture will not provide the precise content of product, their claims of 

calming fish, reducing weight-loss, and repairing wounds suggests the product contains 

electrolytes to reduce osmotic imbalances and some form of anesthetic that may hasten 

recovery. With each additional fish there is potential for increased interaction and stress, 

which further increases respiration and decrease oxygen availability. Other studies have 

found oxygen requirements increase after exercise, handling, and transportation; if 

oxygen is limited, aerobically dependent recovery processes are slowed (Ferguson and 

Tufts 1992, Suski et al. 2006). Recovery tanks did not reach lethal limits of ammonia at 

0.7-1.2 mg/l, with the exception of LMWC, which showed high plasma cortisol and 

blood glucose levels in comparison to other tournaments. Additionally, there is evidence 

that increases in physiological stress elicits a suite of secondary responses; one of those is 

increases in nitrogenous waste, which likely results from increased metabolic demands. A 

study by Hopkins et al. showed that circulated cortisol is at least partly responsible for 

ureagenesis and increased nitrogenous waste concentrations during acute stressors such 

as confinement and crowding in Gulf Toadfish (Hopkins et al. 1995).  



66 

Behavioral cues are valuable indicators of stress and potential mortality, as they 

are less invasive than physiological measures of stress. Reflexes and swim scores are a 

whole-organism indicator of fish suffering from a distressed physiological condition 

(Raby et al. 2012). If fish are released with poor swim scores and reflexes, they are likely 

to succumb to delayed mortality (reviewed in Davis 2010). In order to determine if the 

behavioral cues chosen for this study were a good representation for stress in Walleye, 

the relationship between physiological and behavioral measures of stress was examined. 

The quantifying stress experiment used swim scores to classify fish as healthy, 

intermediate, or non-releasable, and correlated them with plasma cortisol and lactate 

levels. Plasma lactate levels were higher in Walleye classified as intermediate and non-

releasable than in healthy fish. By comparison, data from the recovery tank experiment 

did not show tournaments or live-well treatments to be significant predictors for reflexes 

or swim scores. Body flex, tail grab, and swim scores are likely the most useful indicators 

of stress for Walleye because these scores had the most identifiable changes after four 

hours in recovery tanks. Raby et al. (2012) showed that absent reflexes correlated with 

the intensity of the stressor. Head complex and VOR are controlled by the autonomic 

nervous system, which controls respiration (De Graaf and Roberts 1991), which is why 

these were not impaired unless the fish had succumbed to its injures. Impairment of body 

flex and tail grab is likely a repercussion of fatigue of the white muscle or associated 

neural signal (Raby et al. 2012). White muscle fatigue is present during tournaments 

(identified by high lactate levels), and is likely why these reflexes showed noticeable 

recovery after four hours in recovery tanks (Raby et al. 2012). Swim scores and 

orientation impairments happen when fish experience equilibrium loss, and are likely the 
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result of breakdowns in neural and muscular function (Raby et al. 2012). These scores 

could be useful for determining physiological distress in future studies.  

In conclusion, it is clear that Walleye experience significant changes in their 

behavior and physiology in response to stressors associated with CR tournaments. While 

plasma lactate levels improved significantly in recovery tanks after four hours of holding, 

plasma cortisol and blood glucose levels did not decrease, indicating that physiological 

recovery from acute stressors is slow for some parameters. Importantly, most fish had 

improved behavioral scores, which suggested low probability of delayed mortality. 

Additionally, adverse environmental conditions such as high winds and high 

temperatures seem to have exacerbated physiological stress. Thus, it may be best to avoid 

holding tournaments during the warm summer months or when high winds are forecast. 

The slight decreases in physiological distress seen at PWC where tank holding times was 

decreased suggests even warmer tournaments can minimize stress with modification to 

procedures. In this case, reducing live-well holding times clearly reduces overall effects 

on physiology associated with tournaments held in the warm summer months. While live-

well treatments helped maintain ideal water quality parameters during holding times they 

did not improve the physiological distress of tournament caught Walleye. Our study 

shows water quality parameters are an important aspect of the live-well holding periods 

and tournament organizers should mandate set conditions for live-wells to include 

continuous aeration and either continuous circulation or the use of live-well treatments 

depending on season; for instance live-well treatments and temperature control may be 

preferential over continuous circulation in warm conditions. Further work should 

examine ideal temperature ranges for recovery following tournament stressors, if warmer 
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or cooler live-well temperatures are better to facilitate recovery under tournament 

conditions, and which temperatures are beneficial when this species is under 

physiological distress. Finally, understanding physiological measures and their 

relationships to each other, specifically for Walleye, could be a necessary piece of the 

puzzle in interpreting how walleye respond to stressors on a behavioral and physiological 

level.  
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Appendix A. 

Survey for Tournament anglers 

Walleye Number: 

Time the Fish were dropped off at weigh-in Station: 

Live well 

1. How often do you circulate your live well?

2. Do you add ice to your live well? How Often?

3. Did you use any additives in your live well

Fishing 

1. At what depth did you catch these Walleye?

a. Did you use weight clips on fish?

2. At what time did you add your first fish to the Live-Well?

3. Do you use Live bait or Lures?


