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Largemouth Bass Micropterus salmoides is the most sought after species by
recreational anglers in the United States. Survival of angled and tournament-handled
Largemouth Bass is related to numerous factors; however, the independent effects of
water temperature, angling time, and live well dissolved oxygen concentration on
survival have not been measured. Survival was evaluated in simulated catch and release
and tournament trials over the range of temperatures encountered by Largemouth Bass
anglers (17-33°C) while also testing independent effects of angling time, live well
temperature, and live well dissolved oxygen treatments. Caught-and-released
Largemouth Bass experienced 100% survival at temperatures ≤33°C after 1 minute of
angling, but survival decreased with additional angling time. Survival declined in
tournament-handled fish at 33°C; however, high survival was shown to be possible at
≤29°C after 1-minute angling time, confinement in live wells containing less than
ambient temperatures and dissolved oxygen ≥5.5 mg/L, and organized in-water weigh-in
procedures.
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CHAPTER I
INTRODUCTION
Black bass Micropterus spp. are popular sport fish throughout the United States
(U.S. Fish and Wildlife Service and the U.S. Census Bureau 2011). Competitive fishing
events for black bass, principally Largemouth Bass Micropterus salmoides, have become
increasingly prevalent since the 1960s (Schramm and Hunt 2007). Along with their
expansion, interest in these events has brought about a drastic change in the participation
in recreational black bass fishing and the industries that support it (Schramm et al. 1991;
Wilde 1998; Siepker et al. 2007). Low survival of black bass caught during tournaments
in the 1970s elicited a concern about the possible depletion of black bass resources and
the possible effects low angled-fish survival could have on public perception towards
competitive angling (May 1973; Holbrook 1975; Wilde 1998). A catch-and-release
practice was promoted in the mid-1970s and was adopted by many anglers and
tournament organizations as a means of reducing harvest of black bass populations
(Holbrook 1975; Seidensticker 1975; Barnhart 1989). The adoption of catch and release
appeared to be effective, as survival of captured Largemouth Bass in organized
tournaments increased (Weathers and Newman 1997; Wilde 1998). However, lack of
further improvement in survival after the 1980s led to increasing concern from both
fisheries management agencies and anglers calling for further investigation into effects of
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catch-and-release angling on Largemouth Bass survival (Schramm et al. 1991; Wilde
1998; Ostrand et al. 1999; Edwards et al. 2004).
Numerous factors have been suggested or found to effect the survival of
tournament-handled Largemouth Bass including water temperature (Schramm et al. 1987;
Wilde 1998; Gale et al. 2013), air exposure (Thompson et al. 2008), length of
confinement and poor conditions in live wells (Kwak and Henry 1995; Gilliland 2002;
Schramm et al. 2006), fish size (Meals and Miranda 1994), bag limit size (Meals and
Miranda 1994; Weathers and Newman 1997; Ostrand et al. 1999), tournament size
(Schramm et al. 1985, 1987; Edwards et al. 2004), and tournament procedures (Kwak and
Henry 1995; Weathers and Newman 1997; Neal and Lopez 2001). Among the factors
analyzed, water temperature has consistently shown a negative relationship with the
survival of tournament-caught Largemouth Bass.
Although numerous studies have assessed tournament-related survival, much less
attention has been directed at survival following catch-and-release by recreational
anglers. Studies investigating the possible impacts of angling activities on the survival of
Largemouth Bass have focused on determining the effects of hooking location (Wilde
and Pope 2008; Deboom et al. 2010), hook-type (Ostrand et al. 2005) and bait type
(Myers and Poarch 2000). However the independent effect of ambient water
temperature, the predominant variable affecting survival of tournament-caught fish, and
angling duration has not been rigorously evaluated for caught-and-immediately-released
Largemouth Bass.
In light of these numerous factors related to mortality of Largemouth Bass
in tournaments and the lack of information on the fate of caught-and-immediately
2

released fish, efforts have been made to maximize survival by refining tournament and
catch and release procedures and developing outreach materials focused on improving
angled fish survival. Poor conditions experienced by fish during tournament weigh-in
procedures including warming and hypoxic conditions in weigh-in bags used to transport
fish from live wells and extended air exposures after fish have been weighed have been
improved upon with the development of the in-water weigh-in procedure (Tufts and
Morlock 2004). This procedure is used in some tournaments to maximize the time
captured fish are submerged in oxygenated water during the weigh-in process to reduce
handling stress. In addition to improving weigh-in procedures, efforts have been made to
reduce angling stress and aid in fish recovery from stress through guidelines focused on
minimizing angling and handling time as well as properly managing boat live well
conditions (Gilliland and Schramm 2009; Schramm and Gilliland 2015). Once captured,
fish are placed in boat live wells for up to 8-9 hours. Tournament guidelines provided to
anglers recommend maintaining sufficient aeration in live wells to maintain high
dissolved oxygen concentrations. Further, reducing water temperature within live wells
with respect to ambient conditions is considered an important step towards ensuring fish
survival after capture when temperatures exceed 25°C. Experiments have been
conducted to investigate how all of these recommendations used in sequence affect fish
survival during the entirety of a tournament day (Schramm et al. 2006); however, no
information is currently available on how live well temperature, angling time, and
dissolved oxygen independently effect fish survival over the range of water temperatures
that Largemouth Bass angling occurs.
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Determining the independent effects of live well water temperature, angling time,
and live well dissolved oxygen concentration on tournament-handled fish survival over a
full range of ambient water temperatures at which Largemouth Bass fishing occurs is
crucial to provide fisheries managers, anglers, and tournament organizations with
information that can be used to improve the survival of Largemouth Bass caught
throughout the year. Procedures would include live well temperature and oxygen
manipulations aimed to facilitate recovery from angling-induced stress and, in turn,
decrease angling-induced mortality of Largemouth Bass. Further, identifying the
independent effects of water temperature and angling time on the survival of caught and
immediately released fish would provide information that can be used by fisheries
managers to better estimate angler exploitation of black bass and give managers the
ability to generate and provide additional guidelines to recreational anglers in an effort to
improve survival of Largemouth Bass subjected to catch-and-immediate-release.
This research began in 2012 by attempting to rear Largemouth Bass fingerlings
provided by Mississippi Department of Wildlife, Fisheries, and Parks in hatchery ponds
at the Mississippi State University South Farm Aquaculture Facility in Starkville,
Mississippi. The initial effort to rear Largemouth Bass for experiments was unsuccessful.
In June 2014, feed trained Largemouth Bass fingerlings obtained from a commercial
supplier (J. M. Malone and Son, Inc., Lonoke, Arkansas) were reared to sizes greater than
305 mm total length, a minimum size acceptable to anglers and allowed for weigh in in
many tournaments, by feeding prepared feeds in intensive culture systems. This decision
allowed for accelerated fish growth by rearing them indoors at elevated water
temperature (25°C) throughout the autumn and winter of 2014 and spring of 2015. These
4

fish developed a condition known as pale liver syndrome which is commonly seen in
intensively reared Largemouth Bass fed prepared feeds with >20% carbohydrate content.
The condition has been suggested to impair fish stress response (Goodwin et al. 2002;
Bright et al. 2005; Amoah et al. 2008; Csargo et al. 2013); however, no information is
available on how the condition affects fish survivability following sublethal stressors.
Pale liver syndrome can be remedied by feeding fish a high protein, low carbohydrate
diet (i.e., naturalization using live forage). However, the naturalization time necessary
for intensively cultured Largemouth Bass to achieve similar survival to wild fish (i.e., to
become naturalized) had not yet been established. Therefore, to accommodate the
potential adverse effect of intensive culture using prepared feed on survival, this thesis
consisted of two separate studies.
First, a series of experiments were conducted to compare survival of pellet-reared
Largemouth Bass, pellet-reared Largemouth Bass fed live forage for varying periods of
time, and wild Largemouth Bass (Chapter 2). These experiments were conducted in an
effort to determine 1) whether feeding prepared feed altered survival following stress and
2) the time needed to feed live forage, a process called naturalization, for pellet-reared
Largemouth Bass to have survival to angling stressors equivalent to wild Largemouth
Bass.
The objectives of the study were to:
1. Determine the time required for pellet-reared advanced-size Largemouth Bass
(>240 mm) to become naturalized with respect to survival response following a
series of sublethal stressors.
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2. Determine the differences in the survival of pellet-reared, naturalized, and wild
advanced-size Largemouth Bass subjected to angling and a series of sublethal
stressors.
Second, a series of experiments were conducted to determine the independent
effects of water temperature, angling duration, and dissolved oxygen on the survival of
caught and immediately released Largemouth Bass and on Largemouth Bass exposed to
conditions that typically occur in modern live-release bass tournaments (Chapter 3).
The objectives of the study were to:
1. Determine the effect of water temperature on the survival of angled and
tournament-handled Largemouth Bass acclimated to water temperatures
frequently encountered by Largemouth Bass anglers.
2. Determine the effect of live well water temperature manipulation on the survival
of tournament-handled Largemouth Bass over a range of ambient water
temperatures
3. Determine how duration of angling (time to land a fish) and handling time affect
the survival of Largemouth Bass at different ambient temperatures and live well
temperature manipulations.
4. Determine the effect of live well dissolved oxygen manipulations on the survival
of tournament-handled Largemouth Bass at different ambient water temperatures
5. Develop models predicting probability of survival given different live well
temperatures, angling stresses, and dissolved oxygen concentrations across a
range of ambient water temperatures.
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CHAPTER II
SURVIVAL OF PELLET-REARED, NATURALIZED, AND WILD ADVANCEDSIZE LARGEMOUTH BASS EXPOSED TO ANGLING AND HANDLING
STRESSORS
Abstract
Large numbers of advanced-size Largemouth Bass Micropterus salmoides needed
for stocking and studies investigating the effects of environmental and angling stressors
may be produced using formulated diets. However, fish reared on formulated diets have
been found to have lower survival than wild fish. Although survival has been improved
by briefly feeding cultured fish a live fish diet prior to stocking (herein, termed
naturalization), the time needed for pellet-reared fish undergoing naturalization to show
improved and stable survival (i.e. to become naturalized) in comparison to pellet-reared
fish following a series of sublethal stressors has not been determined. Further, the
difference in survival of pellet-reared, naturalized, and wild advanced-size Largemouth
Bass following sublethal stressors has not been evaluated under controlled conditions.
We conducted experiments to determine (1) time required for pellet-reared advanced-size
(246-373 mm total length) Largemouth Bass to become naturalized following a series of
sublethal stressors and (2) differences in survival of pellet-reared, naturalized, and wild
advanced-sized Largemouth Bass subjected to two different series of sublethal stressors.
Survival was high and did not significantly differ before (85%) and after 1 to 12-weeks of
10

naturalization (90-100%). Survival was 100% for pellet-reared, naturalized, and wild
Largemouth Bass following the series of sublethal stressors. We found no difference in
survival among pellet-reared, naturalized, and wild Largemouth Bass challenged with a
series of sub-lethal stressors.

Introduction
Large numbers of Largemouth Bass Micropterus salmoides are stocked every
year to initiate or supplement wild populations. Post-stocking survival of Largemouth
Bass is often improved by stocking larger fish into systems containing piscivorous
predators (Miranda and Hubbard 1994; Hoxmeier and Wahl 2002; Porak et al. 2002;
Diana and Wahl 2009). Thus, a source of large fish for stocking is desirable.
Scientists have also identified the need for advanced-size Largemouth Bass to be
used in studies focused on measuring the effects of environmental factors and angling on
stress response or survival (Suski et al. 2007). Previous studies have measured tolerance
of juvenile Largemouth Bass (10-50 g) for several water quality parameters (Coutant
1977; Roseboom and Richey 1977), but similar information is lacking for adults.
Assessing the effects of temperature and the interaction of temperature with other
environmental factors on the survival of not only juvenile but also adult-size individuals
will become increasingly important as fisheries managers try to anticipate the effects of
climate change on this keystone predator and important sportfish. Further, the effects of
angling procedures on survival and stress response have little meaning unless conducted
on Largemouth Bass of a size typically sought and encountered by anglers. Addressing
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these research needs requires a large number of relatively large and homogeneous
Largemouth Bass for testing.
Largemouth Bass can be reared to advanced sizes using a live-prey diet, but high
feed costs and variable yields can make this culture practice too expensive to provide the
large number of fish needed for management applications (Sloane and Lovshin 1995).
These problems have been solved by rearing Largemouth Bass at high densities with
formulated feed (i.e., intensive culture; Tidwell et al. 2000; Csargo et al. 2013). Further,
rearing fish on formulated feed conveys an advantage to studies requiring large numbers
of relatively homogeneous individuals for experimental procedures.
Rearing Largemouth Bass on formulated feed enables relatively economical
production of large numbers of advanced-size fish. Although numerous factors affect the
survival of stocked fish, such as size at stocking (Schlechte et al. 2005), lack of food
availability (Stahl and Stein 1994), and environmental conditions at stocking (Clapp et al.
1997), reduced survival may be attributable to pale, fatty livers observed in intensively
reared Largemouth Bass. This condition, termed pale liver syndrome, has been found in
fish reared on formulated feeds high in carbohydrates (>20%) and has been reported to
reduce the survivability of the fish after stocking. (Ashley 1974; Goodwin et al. 2002;
Bright et al. 2005; Amoah et al. 2008). Treatment for the condition involves changing
the diet of cultured fish to a high-protein and low-carbohydrate diet (viz., live forage,
specially formulated diet), to improve post stocking survival (Goodwin et al. 2002; Bright
et al. 2005; Amoah et al. 2008); however, the length of time that the new diet must be fed
to achieve high and stable survival of intensively reared Largemouth Bass following a
series of sublethal stressors (i.e., to become naturalized) has not been established.
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Our purpose was to determine whether fingerling Largemouth Bass reared to
advanced sizes using a formulated-feed diet and then subjected to a diet transitioning
process from prepared feed to live forage (herein, naturalization) had a similar survival
response to sublethal stressors as wild fish. Because we had a need for a large number of
advanced-size Largemouth Bass to measure survival and physiological stress responses to
angling and handling procedures, stressors for this research consisted of simulated angler
capture, tagging, and phlebotomy. The objectives of this study were to determine: (1) the
time required for pellet-reared advanced-size Largemouth Bass (>240 mm) to become
naturalized with respect to survival response following a series of sublethal stressors; and
(2) the differences in the survival of pellet-reared, naturalized, and wild advanced-size
Largemouth Bass subjected to angling and a series of sublethal stressors.

Methods
Specimens
Largemouth Bass fingerlings (~50 mm mean total length [TL])) trained to feed on
Aqua-Excel starter feed (50% protein, 14% Fat; Cargill, Inc., Minneapolis, MN, USA)
and were transported from a commercial supplier (J. M. Malone and Son, Inc., Lonoke,
Arkansas) to the Mississippi State University South Farm Aquaculture Facility in
Starkville, Mississippi in June 2014. Fish were divided equally among 20, 350 L, 1.0-m
diameter tanks in a recirculating water system (~400 fish per tank). Each tank received a
flow of ~2 L/min; dissolved oxygen (DO) was maintained >5 mg/L by pressurized
aeration, and water temperature was maintained at 25 ± 1°C with a temperature control
unit. All tanks were scrubbed and siphoned daily, and the recirculating system biofilters
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were back flushed twice weekly. Dissolved oxygen and temperature were monitored
daily using a dissolved oxygen meter (Model 85, YSI Inc., Yellow Springs, OH, USA);
pH, total ammonia nitrogen, and nitrite levels were assessed twice weekly using a pH
probe (pH10A, YSI Inc.) and a colorimeter (DR/850, Hach Company, Loveland, CO,
USA) to ensure maintenance of healthy rearing conditions (Table 2.1). Lighting was
adjusted every 2 weeks to match natural photoperiod. Fish began feeding on a
commercially floating feed (EXTR 450; 46% protein, 20% carbohydrates, 16% fat;
Rangen Inc., Buhl, Idaho, USA) 1 day after transport. Feed was provided continuously
during daylight hours with belt feeders at a rate of approximately 10% body weight per
day.
Largemouth Bass were size graded five times between September 2014 and May
2015 to reduce size variation and cannibalism. Following the initial grading event, small
and large fish were divided amongst nine 4,000 L, 2.3-m diameter tanks. After
subsequent grading events, smaller fish were divided amongst four of the original 4,000
circular tanks, and larger fish were placed into one of five 4,000 L tanks or one of three
9,800 L, 6.1 m x 1.8 m x 0.9 m flow-through raceways before resuming feeding. Tanks
and raceways were flushed with 20 L/min of well water, DO was maintained >5 mg/L by
pressurized aeration, and water temperature was maintained at 25 ± 1°C. Dissolved
oxygen and water temperature in tanks and raceways were monitored daily; pH, total
ammonia nitrogen, and nitrite were measured twice weekly (Table 2.1). All tanks and
raceways were scrubbed and siphoned daily or as needed, and water recirculating systems
were back flushed twice weekly. Feeding during this period consisted of morning and
afternoon feedings at approximately 5% body weight per day. Pellet size was increased
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as the fish grew; the largest pellet size fed was 4 mm for Largemouth Bass >240 mm TL.
Weight measured during sorting and grading procedures was used to adjust feeding to
maintain a consistent feeding rate. These fish represented the pellet-reared treatment in
survival experiments.
Largemouth Bass to be subjected to naturalization were advanced-size (240-340
mm TL) pellet-reared fish stocked at 50 fish per tank into five 4,000 L flow-through (20
L/min) outdoor tanks and provided a fish-only diet consisting of live Golden Shiners
Notemigonus crysoleucas (73% protein, 4% carbohydrate, 23% fat as dry weight; C.
Dinken, Mississippi State University, unpublished data) and Bluegills Lepomis
macrochirus (85% protein, 5% carbohydrate, 10% fat as dry weight; C. Dinken,
Mississippi State University, unpublished data ) at a rate of 2% body weight per day,
which was within the range of average daily ration for similar size Largemouth Bass
(~215-300 mm TL) found by Cochran and Adelman (1982). Forage was added every
day to each tank at approximately 0900 hours. Time since transition to live forage (i.e.,
naturalization time, NT) began on the day when the fish were transferred to the outdoor
tanks and provided live forage fish. Tank cleaning and water quality monitoring were
identical to the protocol used for indoor rearing facilities. Water temperature was allowed
to fluctuate between 24 and 27°C daily to simulate outdoor pond conditions. Dissolved
oxygen was maintained >6 mg/L by pressurized aeration. Total ammonia nitrogen,
nitrite, and pH were measured twice weekly (Table 2.1).
Wild adult Largemouth Bass were collected with a boat-mounted electrofisher
operated at approximately 3500 watts at 60 Hz pulsed DC from a nearby reservoir
containing Largemouth Bass and Bluegills on two separate occasions. Fish were
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transported to the Mississippi State University South Farm Aquaculture facility in two
1,700 L hauling tanks. Dissolved oxygen in hauling tanks was maintained at >6 mg/L,
and water temperature was maintained at 26 ± 1°C, equivalent to the water temperature in
the pond at time of capture. Fish were stocked into three 1,000 L, 2.5-m diameter flowthrough tanks receiving well water at 20 L/min and maintained at 26 ± 1°C. These fish
were then held in the tanks at 26 ± 1°C with DO > 5 mg/L for 1 week prior to
experimentation. These fish, which were never fed formulated feed, represented the wild
treatment in Experiments 2 & 3.
Experiment 1: time to become naturalized
The purpose of this experiment was to determine the time required for pelletreared advanced-size Largemouth Bass (>240 mm TL) to become naturalized. The
pellet-reared treatment (NT = 0) consisted of a total of 10 trials of 2 pellet-reared
Largemouth Bass randomly collected from three indoor tanks and two indoor raceways
where they were reared and stocked into 200 L, 1.0-m diameter tanks prior to being
immediately subjected to a series of sublethal stressors. Five of these 10 NT=0 trials
were conducted when the naturalization feeding commenced, and five of NT=0 trials
were conducted 5 weeks into the naturalization to ensure that survivability did not change
after 5 additional weeks of pellet feeding. The series of stressors included a chasing
stressor, a 20-minute rest period, anesthetization in 150 mg/L of MS-222 and 400 mg/L
NaHCO3, 3 mL of blood collection by caudal venipuncture, injection of a pit tag into the
musculature along the dorsal fin, and then release into a 1,000 L, 2.5-m diameter tank
receiving 20 L/min of well water to measure mortality. The chasing stressor involved
moving a 40.6 cm x 40.6 cm frame, 0.6 cm mesh, long-handled dip net as quickly as
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possible throughout the tank to keep the Largemouth Bass swimming vigorously for 60 s.
This chasing stressor is an accepted method for simulating the stress experienced by fish
during angler capture (Wood 1991) and has been used for the same purpose in other
Largemouth Bass stress research (Suski et al. 2004). Phlebotomy and tagging procedures
following the angling stressor subjected fish to periods of handling and air exposure prior
to release into a 1,000 L, 2.5-m diameter recovery tank to monitor 5-day survival. Water
temperature in all tanks was 26 ± 1°C, and DO was >5 mg/L. The recovery tank was
checked twice daily; and fish that were unable to swim when touched, could not maintain
equilibrium, or lacked opercular movement were judged a mortality and removed.
Largemouth Bass used to assess the time needed to become naturalized were
randomly collected at two fish per tank from each of the five outdoor tanks where they
were being fed live forage fish (5 replicates; 2 fish per replicate) at NT = 1, 2, 4, 6, 7, 9,
and 12 weeks. These fish were then subjected to the same suite of stressors, recovery
conditions, and survival assessment as the NT = 0 treatment.
The time needed for pellet-reared fish to become naturalized was determined from
probabilities of survival over naturalization time. Survival probabilities were developed
using 10, 2-fish replicates at NT = 0 and 5, 2-fish replicates at all other NTs. Largemouth
Bass survival (the response variable) was taken to be binomial and the probability of fish
surviving over naturalization time was tested with a generalized linear model (GLM).
The fixed-effect factor in the analysis was naturalization time with TL assessed as a
covariate to test if TL affected survival. The GLM tested for differences in survival over
naturalization time; however, the model did not provide a specific time at which fish
would be considered naturalized. Therefore, the fitted model was used to predict the
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probability of survival given the naturalization time (0-12 weeks). The fish were
considered naturalized when the probability of survival stabilized between consecutive
weeks. Stabilization of survival was declared when the change in the probability of
survival between consecutive weeks was <1%. The analysis was conducted using the R
statistics package (R Core Team 2015).
Experiment 2: survival following a simulated angling stressor
The purpose of this experiment was to determine differences in the survival of
pellet-reared, naturalized, and wild adult Largemouth Bass following a simulated angling
stressor. Survival after angling would be relevant to fisheries managers stocking
advanced-size Largemouth Bass. We hypothesized that survival following the angling
stressor would 1) be lower for the pellet-reared Largemouth Bass than the naturalized or
wild Largemouth Bass, and 2) not differ between the naturalized and wild Largemouth
Bass.
Adult fish representing the pellet-reared treatment (NT = 0) and wild fish were as
described above. The naturalized treatment was represented by pellet-reared adult fish
that had been provided a live forage-only diet for 8 weeks (NT = 8). Ongoing research is
assessing anatomical and physiological changes that occur through the time course of
naturalization. Preliminary results from this research indicate that, depending on the
anatomical or physiological metric, pellet-reared fish undergoing naturalization were
similar to wild fish in 1 to 6 weeks (C. Dinken, Mississippi State University. personal
communications). Lacking final analysis of the anatomical and physiological samples, a
naturalization time of 8 weeks was chosen to better ensure that fish were anatomically
and physiologically similar to wild Largemouth Bass.
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Ten Largemouth Bass from each treatment (NT = 0, NT = 8, and wild) were
stocked into each of three 1,000 L, 2.5-m diameter flow-through tanks (3 tanks per
treatment, 30 fish total per treatment, no mixing of treatments, each tank considered a
replicate) receiving well water at 20 L/min. All fish were acclimated to a water
temperature of 26 ± 1°C for 1 week; DO was > 5 mg/L. Following the acclimation
period, fish in all tanks were subjected to a 60 s angling stressor with a dip net as per
Experiment 1. Following the stressor, all fish were allowed to recover in the tank where
stressed and survival was monitored for 5 days. Mortality was judged as in Experiment
1. Fish were not fed during acclimation or recovery.
Experiment 3: survival following a series of sublethal stressors
The purpose of this experiment was to determine differences in the survival of
pellet-reared, naturalized, and wild adult Largemouth Bass administered a simulated
angling stressor (as per Experiment 2) and, in addition, a series of sublethal stressors
including phlebotomy and tagging procedures commonly used during laboratory studies
conducted to assess sublethal physiological stress (e.g. Suski et al. 2004). We
hypothesized that survival following the series of sublethal stressors would (1) be lower
for the pellet-reared Largemouth Bass than the naturalized or wild Largemouth Bass, and
(2) not differ between the naturalized and wild Largemouth Bass.
The pellet-reared (NT = 0) and wild fish were as described previously and
naturalized fish were NT = 8 fish as in Experiment 2. Ten Largemouth Bass from each
treatment (NT = 0, NT = 8, wild) were stocked into each of three 1,000 L, 2.5-m diameter
flow-through tanks (30 fish per treatment, no mixing of treatments) receiving well water
at 20 L/min. All fish were acclimated to a water temperature of 26 ± 1°C for 1 week; DO
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was >6 mg/L. Following the acclimation process, fish in all tanks were subjected to a 60
s angling stressor with a dip net as in Experiment 2. Two fish from each tank (6 fish per
treatment) were then netted, removed, and subjected to blood collection procedures as per
Experiment 1 at 20-min and 1-, 2-, 6-, and 24-h time points post angling stressor
(different fish for each time point). Following blood collection, fish were given fin clips
to identify phlebotomy time point within each treatment (1 clip for treatment, 1 clip for
time point) and divided evenly among three 4,000 L, 2.5-m diameter tanks (3 replications
of 30 fish per tank; 10 fish per treatment) supplied with well water at 20 L/min to
measure mortality as in Experiment 2; water temperature was maintained at 26 ± 1°C, and
DO was >5 mg/L. Fish were not fed during acclimation or recovery.

Results
Experiment 1: Time to Become Naturalized
This experiment evaluated the survival following sublethal stressors of pelletreared adult Largemouth Bass subjected to no naturalization (NT = 0) and pellet-reared
Largemouth Bass subjected to naturalization times of 1-12 weeks. Largemouth Bass
(n=90) were 246-338 mm TL; mean = 287 mm TL. Pellet-reared Largemouth Bass
began consuming the live forage immediately after it was provided. Survival was 98%
after fish transfer to outdoor tanks and within outdoor tanks during the 1- to 12-week live
forage feeding periods. Total length of fish did not affect survival (Z=0.003, P=0.99).
Survival after the series of stressors was lowest in NT = 0 fish (85% ± 5%) and 90%100% across all other naturalization times (NT = 1-12; Figure 2.1), but survival was not
significantly different across NTs (Z=1.083, P=0.28). The probability of fish surviving
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after the series of stressors stabilized (<1% change per week) between NT = 0 and NT =
1.
Experiment 2: Survival Following a Simulated Angling Stressor
This experiment compared the survival of pellet-reared (NT = 0), 8-week
naturalized (NT = 8), and wild adult Largemouth Bass challenged with an angling
stressor. Total lengths of Largemouth Bass were 278-310 mm (mean = 297 mm) for NT
= 0, 284-352 mm (mean = 306 mm) for NT = 8, and 309-393 mm (mean = 335 mm) for
wild fish. Survival was 100% for fish in all treatment groups during acclimation.
Survival up to 5 days post angling stressor was 100% for all treatments.
Experiment 3: Survival Following a Series of Sublethal Stressors
This experiment compared survival of pellet-reared (NT = 0), 8-week naturalized
(NT = 8), and wild adult Largemouth Bass challenged with an angling stressor and a
series of stressors fish experienced during a phlebotomy and tagging procedure. Total
lengths of Largemouth Bass were 262-373 mm (mean = 302 mm) for NT = 0, 263-346
mm (mean = 297 mm) for NT = 8, and 291-415 mm (mean = 368 mm) for wild fish.
Survival was 100% for fish in all treatment groups during acclimation and 100%
following the series of stressors in all treatments at all-time points.

Discussion
We found high survival after a series of stressors in pellet-reared advanced-size
Largemouth Bass before naturalization and across all naturalization times. Stabilization
of the probability of survival (<1% change) occurred between NT = 0 and NT = 1.
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Although survival of fish fed only prepared diets did not differ from fish fed live forage
for 1 week, the probability of survival analysis indicates a brief transition period to a live
forage-only diet may improve survival after stress.
The 100% survival of pellet-reared, 8-week naturalization, and wild advancedsize Largemouth Bass following a simulated angling stressor and simulated angling plus
additional sublethal stressors typical of stress physiology analyses is in agreement with
high survival rates of wild, advanced-size Largemouth Bass following simulated (98%
survival; Wilde and Pope 2008) and actual (100% survival; Thompson et al. 2008) catchand-release angling procedures at water temperatures ≤27°C. Therefore, our results
suggest that advanced-size Largemouth Bass raised on high-protein pelleted feeds are
able to survive following controlled stressors as well as naturalized and wild advancedsize Largemouth Bass.
The high survival of the intensively reared specimens in the current study may be
a consequence of low carbohydrate content (20%) in formulated feed provided to
specimens. Goodwin et al. (2002) found higher liver glycogen levels and lower survival
of Largemouth Bass reared from 6 to 12 g on a diet containing ~40% protein and either
27 or 35% carbohydrates compared to fish fed a diet containing 21% carbohydrates in
fish. Amoah et al. (2008) found lower survival in Largemouth Bass reared from 128 to
380 g on a diet containing 41-43% protein and 25% carbohydrates than those fed a diet
containing 19% carbohydrates. Although Goodwin et al. (2002) and Amoah et al. (2008)
evaluated survival of smaller Largemouth Bass during a 3-5 month grow-out period and
not survival in response to controlled stressors, their findings consistently support
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improved survival of Largemouth Bass fed formulated feed containing ≤21%
carbohydrates.
The results of the current study have application for intensive culture of
Largemouth Bass. Stocking of Largemouth Bass is a frequently applied management
strategy, but the benefits of such procedures are better achieved by stocking advancedsize fish (Hoxmeier and Wahl 2002). Our results suggest high survival can be expected
for intensively reared, advanced-size Largemouth Bass following a series of sublethal
stressors. However, a brief transition period to a live forage diet prior to stocking may be
beneficial.
In addition to the need to survive natural mortality, fish used for these stocking
programs must be able to exhibit high survival after capture and release. Our results
indicate that when subjected to stress challenges inflicted during angling and handling,
adult Largemouth Bass reared on pelleted feeds containing 46% protein and 20%
carbohydrates can experience high survival similar to that of wild adult Largemouth
Bass.
Our findings are not in agreement with Garlock et al. (2014) who found lower
survival of intensively reared juvenile Florida Bass Micropterus floridanus than wild
Florida Bass when stocked into hatchery ponds containing Florida Bass predators.
Garlock et al. (2014) attributed lower survival of the intensively reared fish to being
reared in 328 L tanks and fed prepared feeds for 3 months prior to being fed live forage
for 1 week before stocking into an experimental pond containing predators. Not
considered by Garlock et al. (2014) was the difference in sizes of juvenile fish; the
intensively reared juvenile Florida Bass were 75-125 mm TL, whereas the wild juvenile
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Florida Bass were 100– 180 mm TL. Lower survival of smaller fish stocked into
environments with predators has been repeatedly demonstrated (Yule et al. 2000;
Michaelson et al. 2001; Buckmeier et al. 2005; Schlechte et al. 2005; Diane and Wahl
2009). Indeed, the primary reason for intensively rearing juvenile Largemouth Bass (or
Florida Bass) is to provide larger fish to achieve greater post-stocking survival. We
suggest that the results provided by Garlock et al. (2014) may not be a valid
representation of the utility of intensively reared juvenile Largemouth Bass.
Deficiencies in learned behaviors such as feeding also have been associated with
decreased survival of hatchery-reared fish stocked into natural environments
(Huntingford 2004; Thorpe 2004). Maynard et al. (1995) attributed a reduced ability of
salmonids to transition to live feed to lack of familiarity with natural forage and lack of
habitat complexity within hatchery environments prior to stocking. Wahl et al. (1995)
found Walleye Sander vitreus fingerlings learned to feed on Golden Shiners after 5 days.
Pouder et al. (2010), however, found intensively reared juvenile Florida Bass (mean TL =
77 mm) fed live forage for 5 days prior to stocking had significantly lower feeding
efficiency compared to wild juvenile fish of similar size when stocked into a natural
environment. Although differences in behavior among pellet-reared, naturalized, and
wild adult fish were not specifically evaluated during our study, the pellet-reared
advanced-size Largemouth Bass transplanted to large outdoor tanks immediately
consumed live forage and had high survival throughout the 12-week outdoor feeding
period.
Intensively rearing Largemouth Bass on prepared feeds is an increasingly
common method for attaining advanced-size specimens for supplementing wild
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populations (Sloane and Lovshin 1995; Tidwell et al. 2005; Csargo et al. 2013). The
rearing procedure also provides an effective means for providing large numbers of
relatively homogeneous specimens for use in controlled experiments necessary to address
managerially significant questions, such as the effects of environmental variables and
angling procedures on the survival and stress responses of Largemouth Bass. Although
these larger fish are easily obtained, the ability of intensively reared Largemouth Bass to
respond to stressors has been questioned (Goodwin et al. 2002, Amoah et al. 2008). In
the current study, survival of intensively reared advanced-size (>240 mm) Largemouth
Bass was high after a suite of sublethal stressors, and did not differ from not only fish
subjected to a naturalization process of 1-12 weeks, but also wild fish never fed prepared
feed. Therefore, our results indicate advanced-size Largemouth Bass reared on a
formulated diet consisting of >45% protein and ≤20% dietary carbohydrates may not
require a diet transition to a lower carbohydrate feed to portray similar survival as wild
fish when subjected to sublethal stressors consistent with angling and laboratory
procedures.
Table 2.1

pH
NH3-N
NO2

Total ammonia nitrogen (mg/L), nitrite (mg/L), and pH during intensive
culture (328-L tanks, indoor 4,000-L tanks, and raceways) and during
experimentation (outdoor 4,000-L tanks) (mean ± S.E.).
328 L
tanks
Mean ±
SE
7.10 ±
0.11
0.218 ±
0.015
0.316 ±
0.086

Indoor 4,000 L tanks &
raceways

Outdoor 4,000 L
tanks

Mean ± SE

Mean ± SE

7.92 ± 0.02

8.08 ± 0.11

0.244 ± 0.014

0.096 ± 0.002

0.069± 0.011

0.034 ± 0.011
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Figure 2.1

Survival of pellet-reared (naturalization time = 0) advanced-size
Largemouth Bass Micropterus salmoides and advanced-size, pellet-reared
Largemouth Bass fed live forage for 1 to 12 weeks subjected to a series of
sublethal stressors.

Points are the observed survival rates (± SE), solid line is the modelled probability of
survival, and dashed lines are the 95% confidence intervals for modeled probability of
survival.
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CHAPTER III
THE EFFECT OF WATER TEMPERATURE, ANGLING TIME, AND DISSOLVED
OXYGEN CONCENTRATION ON THE SURVIVAL OF ANGLED AND
TOURNAMENT-HANDLED LARGEMOUTH BASS
Abstract
A controlled study was conducted to measure the effect of ambient temperature
(17, 21, 25, 29, and 33°C) and simulated angling (1- and 3-minute forced swimming) on
5-day survival of caught-and-immediately-released Largemouth Bass Micropterus
salmoides (>300 mm). Additionally, this study measured the effect of ambient
temperature on survival of tournament-handled Largemouth Bass (>300 mm) at different
live well temperature differentials (−4°C ∆T, 0°C ∆T, and +4°C ∆T), angling times (1 and
3 minutes), and live well dissolved oxygen concentrations (2, 5.5, and 8.5 mg/L).
Survival of Largemouth Bass after simulated angling was 100% at temperatures ≤33°C;
however, survival decreased to 70% following a 3-minute angling stressor at 29°C. Fiveday survival of Largemouth Bass subjected to tournament handling at 0°C ∆T live well
temperatures and ≥5.5 mg/L live well dissolved oxygen was ≥85% at ambient
temperatures ≤29°C, but survival declined to 60% at 33°C. Live well temperature
differentials had little effect across acclimation temperatures when dissolved oxygen was
≥5.5 mg/L except at 33°C when survival decreased to 0% at +4°C ∆T. Angling time had
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no effect on survival of tournament-handled fish at 25°C; however, 3 minutes of angling
decreased survival at 29°C. Tournament-handled fish subjected to live well dissolved
oxygen of 5.5 and 8.5 mg/L experienced 100% survival at ≤29°C, but survival declined at
these temperatures to 80-85% at 2.0 mg/L. At 33°C, 70% survival was observed for fish
subjected to live well dissolved oxygen of 5.5 mg/L. Survival did not differ for 5.5 and
8.5 mg/L dissolved oxygen treatments at 33°C; however, survival declined to 15% in
response to hypoxic live well conditions of 2.0 mg/L.

Introduction
Black bass Micropterus spp. comprise the most frequently sought species group
by recreational anglers in the United States (U.S. Fish and Wildlife Service and the U.S.
Census Bureau 2011); and most of that effort, both in terms of geographic range and
angler effort, is directed toward Largemouth Bass Micropterus salmoides. Management
of Largemouth Bass populations is commonly accomplished using length and bag-limit
harvest restrictions that require live release of angler-caught fish (Wilde 1997; Paukert et
al. 2007). In addition, many contemporary black bass anglers voluntarily practice catch
and release. Except for low rates of mortality attributed to hook wounding (Muoneke and
Childress 1994) or relatively unique circumstances, such as fish subjected to barotrauma
when captured (Bartholomew and Bohnsack 2005; Arlinghaus et al. 2007), it is expected
that most released fish survive; however, the fate of those fish has not been rigorously
evaluated. As survival is critical to sustaining abundant Largemouth Bass populations
with desirable size structure, information about the survival of angler-caught Largemouth
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Bass is critical to their effective management (Schramm et al. 1991; Wilde 1998; Allen et
al. 2004).
Competitive fishing events for black bass, principally Largemouth Bass, have
become increasingly prevalent since the 1960s (Schramm and Hunt 2007; Driscoll et al.
2012). Along with their expansion, a catch-and-release ethic was implemented and
quickly accepted by participating anglers as a means of both reducing harvest of black
bass populations during tournaments and possibly improving public perceptions towards
tournament fishing (e.g., May 1973; Holbrook 1975; Seidensticker 1975; Schramm et al.
1991). Although survival rates during events improved with increased adoption of catch
and release (Wilde 1998), concern among fisheries managers about the effects of
tournament procedures on fish survival led to a number of investigations focused on the
impacts of catch-and-release tournament fishing on Largemouth Bass survival. These
studies suggested a number of variables affecting fish survival in tournaments (reviewed
in Wilde 1998; Siepker et al. 2007); however, survival of tournament-caught Largemouth
Bass consistently has been found to be inversely related to water temperature (e.g.,
Schramm et al. 1987; Neal and Lopez-Clayton 2001; Gale et al. 2013). Additionally, a
synthesis conducted by Wilde (1998) on the survival of tournament-captured Largemouth
Bass identified water temperature as the most significant correlate of survival with a
sharp decrease in survival beginning at 25°C, a temperature slightly below the 26-29°C
optimum for temperature for Largemouth Bass (Coutant 1977; Diaz et al. 2007).
Despite compelling evidence for the impact of water temperature on survival of
tournament-caught fish, controlled experiments to evaluate the independent effect of a
range of ambient water temperatures on the survival of tournament-caught Largemouth
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Bass have not been conducted. One application of independent effects of water
temperature on Largemouth Bass survival is population models to assess the effects of
live-release tournaments on Largemouth Bass populations. Several previous modeling
efforts have found little effect of tournaments on abundance but an adverse effect on size
structure (Hayes et al. 1995; Allen et al. 2004; Hysmith et al. 2014). However, these
efforts provided survival estimates without including the effect of water temperatures
often encountered by Largemouth Bass anglers. With survival of tournament-caught
Largemouth Bass known to be strongly influenced by water temperature, population
effects predicted by these modelling studies may be inaccurate estimates of effects of
tournaments on Largemouth Bass populations.
Correlations between survival and environmental and angling factors have
spurred efforts to refine tournament procedures with emphasis on improving Largemouth
Bass survival. An in-water weigh-in procedure (Tufts and Morlock 2004) is used by
some tournament organizations to minimize presumably stressful handling and air
exposure time. In addition to improving weigh-in procedures, guidelines focused on
properly managing boat live well conditions to minimize stress have been developed and
distributed to anglers (Schramm and Gilliland 2015). Depending on time of capture,
angled fish may be confined in live wells for up to 8 hours. As for ambient water
temperature, live well water temperature and dissolved oxygen during confinement have
a consistent relationship with the survival of tournament-caught fish, with temperature
negatively correlated and dissolved oxygen concentration positively correlated with
survival (Gilliland 2002; Edwards et al. 2004; Schramm et al. 2006). Yet, important
questions remain unanswered in regard to the live well temperature and dissolved oxygen
34

requirements necessary to maintain high survival of tournament-caught fish throughout
the year. Also, many fisheries agencies provide guidelines to anglers about proper
conditions for achieving high survival of caught-and-released Largemouth Bass, but
lacking scientifically valid information to draw on precludes developing concise and
consistent guidelines.
The limited evaluations of live well management practices are not in complete
agreement. Schramm et al. (2006) found improved survival when subjecting tournamentcaught Largemouth Bass to sub-ambient live well temperatures (reduction in water
temperature by 2-5°C) at ambient conditions >25°C. Conversely, results by Suski et al.
(2006) suggest sub-ambient live well temperatures impair fish recovery from stress at
ambient temperatures of 25°C, and they recommended live wells should be maintained at
ambient temperature. Regardless of recommendation, neither study assessed the
independent effect of live well temperature manipulation on survival. Similar
discrepancies are noted for dissolved oxygen. Suski et al. (2006) found both moderately
hypoxic (4.0 mg/L) and hyperoxic (20 mg/L) conditions impair fish recovery after angler
capture, and Vanlandeghem et al. (2010) reported that Largemouth Bass required at least
4 mg/L live well dissolved oxygen to minimize physiological stress. Although these
evaluations provide information that can be used to manage live well dissolved oxygen to
improve fish survival in tournaments, the independent effect of different live well
dissolved oxygen concentrations on fish survival and the concentration required for
improving survival at different ambient temperatures have not been evaluated.
Although bass tournaments are prevalent and probably continuing to increase
(Driscoll et al. 2012), far more Largemouth Bass are caught by recreational (non35

tournament) anglers, many of whom practice catch and release (Quinn 1996; Siepker et
al. 2007). Although numerous studies have assessed tournament-related survival, much
less attention has been directed at the survival of Largemouth Bass subjected to catchand-immediate-release procedures. Initial estimates of catch-and-release survival
(“hooking mortality” studies) were high but variable (70-100% survival; Muoneke and
Childress 1994). Recent evaluations of survival after capture and release conducted in
actual fisheries (100% survival; Thompson et al. 2008) and under controlled laboratory
conditions (98% survival; Wilde and Pope 2008) support high survival estimates, but the
effect of ambient water temperature, the predominant variable affecting survival of
tournament-caught fish, has not been rigorously evaluated for caught-and-immediatelyreleased Largemouth Bass.
A recent study on Walleye Sander vitreus, another popular sport fish commonly
managed by length and bag limit restrictions and a target of tournament anglers, assessed
independent effects of ambient water temperature, live well water temperature
manipulation, and live well dissolved oxygen manipulation on tournament-caught fish
but also measured survival of caught-and-immediately released fish across a range of
temperatures at which most Walleye fishing occurs. Loomis et al. (2013) determined
elevated mortality of Walleye began 3-4°C below the species’ optimum temperature
(22°C), determined minimum acceptable live well dissolved oxygen for tournamentcaught Walleye survival, determined appropriate live well temperature manipulations can
improve Walleye survival (i.e., a properly management live well is not a stressor but,
rather, can provide for recovery from angling stress), and determined that caught-andimmediately released Walleye have high mortality at and above their optimal temperature
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even though Walleye are caught at considerably warmer temperatures. Although these
results pertain to a different species, this study has important implications for the effects
of angling and tournament handling on Largemouth Bass because they are often caught at
temperatures considerably warmer than their 26-29°C optimum temperature (Coutant
1977; Diaz et al. 2007). Further, the Loomis et al. (2013) study serves as a model design
for testing the effects of ambient water temperature, live well dissolved oxygen, and live
well water temperature on Largemouth Bass survival.
A variable not heretofore considered with respect to survival of tournamentcaught Largemouth Bass is the stress of capture. The capture process (time of hooking to
landing when fish resist capture) is a combination of aerobic and anaerobic exercise that
can often occur for extensive periods of time (Schreer et al., 2005; Thompson et al.
2008), and duration of exercise experienced by fish during angler capture correlates
positively with severity of physiological stress response and time of recovery after
exercise in Largemouth Bass (Gustaveson et al., 1991; Suski et al., 2004; Cooke and
Suski 2005). Based on these studies, recommendations have been made to minimize
fight time during the angler-capture process to reduce physiological stress, behavioral
impairment, and survival after release (Cooke and Suski 2005). However, the effect of
angling time on Largemouth Bass survival when subjected to catch and immediate
release has not been tested at water temperatures >23°C. Further, the effect of angling
time on survival of tournament-caught Largemouth Bass and the possible effects of live
well temperature manipulation on the survival of fish subjected to different amounts of
angling stress have not been evaluated.
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Information about survival responses of Largemouth Bass subjected to angling
and tournament-handling procedures over the range of ambient water temperatures at
which most Largemouth Bass fishing occurs is crucial to development of realistic models
for evaluating alternative harvest regulations and predictions on the effect of an everincreasing number of competitive fishing events on Largemouth Bass populations. Such
information is also needed in the development of concise and consistent guidelines that
catch-and-release anglers and tournament anglers and organizers can use to maximize
survival of released Largemouth Bass. Thus, the purpose of this study was to examine
the independent effects of ambient water temperature, live well water temperature,
angling stress, and live well dissolved oxygen concentration on the survival of
Largemouth Bass subjected to angler capture and live-release tournament procedures
under controlled conditions. Specifically, the objectives were to (1) determine the effect
of water temperature and live well water temperature manipulations on the survival of
Largemouth Bass acclimated to water temperatures frequently encountered by
Largemouth Bass anglers, (2) determine the effect of different amounts of angling stress
on survival, (3) determine the effect of live well dissolved oxygen concentration on
survival, and (4) develop models predicting probability of survival given different live
well temperatures, angling stresses, and dissolved oxygen concentrations across a range
of ambient water temperatures. This information can be used by fisheries managers to
assess effects of angling and tournaments on Largemouth Bass populations and inform
procedural guidelines to improve survival of angled and tournament-handled Largemouth
Bass throughout the year. This study was performed under the auspices of Mississippi
State University Animal Use Protocol number 14-051.
38

Methods
Specimens
Seven thousand Largemouth Bass fingerlings (~50 mm total length [TL]) trained
to feed on prepared feed were transported from a commercial supplier (J. M. Malone and
Son, Inc., Lonoke, Arkansas) to the Mississippi State University South Farm Aquaculture
Facility in Starkville, Mississippi in June 2014. Fish were divided equally among 20, 350
L, 1.0-m diameter tanks in a recirculating water system. Each tank received a flow of ~2
L/min; dissolved oxygen was maintained >5 mg/L by pressurized aeration, and water
temperature was maintained at 25 ± 1°C with a temperature control unit. All tanks were
scrubbed and siphoned daily, and the recirculating system biofilters were back flushed
twice-weekly. Dissolved oxygen and temperature were monitored daily using a dissolved
oxygen meter (YSI Model 85, YSI Inc., Yellow Springs, OH, USA); pH, total ammonia
nitrogen (TAN), and nitrite levels were assessed twice-weekly using a pH probe (pH10A,
YSI Inc.) and a colorimeter (DR/850, Hach Company, Loveland, CO, USA) to ensure
maintenance of healthy rearing conditions (Table 3.1). Lighting was adjusted every 2
weeks to match natural photoperiod. Fish began feeding on a commercial floating feed
(EXTR 450; 46% protein, 20% carbohydrates, 16% fat; Rangen Inc, Buhl, Idaho, USA) 1
day after transport. Feed was provided continuously during daylight hours with belt
feeders at an initial rate of approximately 10% body weight per day.
Largemouth Bass were size graded five times between September 2014 and May
2015 to reduce size variation and cannibalism. Following the initial grading event, small
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and large fish were divided amongst 9, 4,000 L, 2.3-m diameter recirculating tanks.
After subsequent grading events, smaller fish were returned to circular tanks, and larger
fish were placed into one of three, 9,800 L, 6.1 m x 1.8 m x 0.9 m flow-through
raceways. Tanks and raceways were flushed with 20 L/minute of well water, dissolved
oxygen was maintained >5 mg/L by pressurized aeration, and water temperature was
maintained at 25 ± 1°C. Dissolved oxygen and water temperature in tanks and raceways
were monitored daily; and pH, ammonia, and nitrite were measured twice-weekly (Table
3.1). All tanks and raceways were scrubbed and siphoned daily or as needed, and the
water recirculating systems were back flushed twice-weekly. Feeding during this period
consisted of morning and afternoon feedings, which totaled ~5% body weight per day of
EXTR 450 floating feed. Pellet size was increased as the fish grew; the largest pellet size
fed was 4 mm for Largemouth Bass >240 mm TL. Weight measured during sorting and
grading procedures was used to adjust amount of food to maintain a consistent feeding
rate.
Largemouth bass were transferred to 0.04 ha aquaculture ponds (400 fish/pond)
upon reaching a TL of approximately 305 mm. Pond fish received a morning and
afternoon feeding, which totaled ~5% body weight per day of EXTR 450 floating feed
placed within 1.9 m X 1.9 m PVC feed rings. Ponds were fitted with electronically
controlled aeration systems to maintain dissolved oxygen >5 mg/L. All specimens used
in experimental procedures were held in outdoor ponds for at least 5 months preceding
survival trials. Water temperatures while in ponds ranged from 16°C to 33°C.
High levels (>20%) of dietary carbohydrates included in prepared diets as a
nutritional component have been found to lead to glycogen and lipid accumulation in fish
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livers (Goodwin et al. 2000; Bright et al. 2005; Amoah et al. 2008), which may reduce
the survival of fish subjected stress of angler capture and handling (reviewed in Chapter
2). To mitigate for potential adverse effects of rearing on prepared diets, Largemouth
Bass used in all trials were fed a live forage-only diet consisting of Golden Shiners
Notemigonus crysoleucas and Bluegills Lepomis macrochirus at 2% body weight per day
for 4 weeks prior to experimental procedures. Experiments conducted to determine time
to become naturalized (i.e., the duration [weeks] of feeding live forage needed for pelletreared advanced-size Largemouth Bass to have high and stable survival following a series
of sublethal stressors) found no significant difference in survival between pellet-reared
Largemouth Bass, pellet-reared Largemouth Bass fed live forage for 1 – 12 weeks, and
wild Largemouth Bass subjected to angling and handling procedures used in this research
(see Chapter 2). Thus, the 4-week naturalization period (i.e., feeding exclusively live
forage) prior to experimental trials was considered fully sufficient to provide Largemouth
Bass for experimental procedures with survival similar to wild fish.
Acclimation Procedure
Upon completion of the naturalization procedure, Largemouth Bass were seined
from rearing ponds and stocked into indoor 4,000 L acclimation tanks at a rate of 70 fish
per tank. Initially, water temperatures in the acclimation tanks were maintained at the
temperature of the ponds from which the fish were collected. As closely as possible,
temperature trials were conducted to correspond to seasonal trends in pond water
temperature (i.e., when pond temperature approximated trial temperature) to minimize
acclimation requirements and to better synchronize experimental and ambient conditions.
All acclimation tanks were partially covered (~80%) with foam insulation to help
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maintain water temperature and to reduce light; the tank covers were only removed when
dissolved oxygen was measured, when forage fish were added, or when Largemouth Bass
were removed for experimental trials. Tanks were aerated with pressurized air to
maintain dissolved oxygen concentrations ≥5.5 mg/L and flushed at a rate of 20 L/min
with water from a recirculating system designed to remove nitrite and ammonia. Water
temperature and dissolved oxygen were measured twice daily, and nitrite and ammonia
levels were monitored every 3 days. Golden Shiners were provided for forage at a rate of
2% body weight per day. Once divided amongst tanks, fish were then acclimated to a
specific water temperature by changing the water temperature 1°C per day with either
chillers or heaters. Fish were held in acclimation tanks for a minimum of 1 week and a
maximum of 2 weeks after the acclimation temperature was achieved prior to being used
in experimental trials. Survival during this 1-2 week per-trial period (i.e., no disturbance)
served as the reference for testing for the effects of further treatment conditions on the
survival of Largemouth Bass.
Experiment 1: Effect of Ambient and Live Well Water Temperature on Survival
We evaluated the survival of Largemouth Bass subjected to four different
handling treatments at five acclimation temperatures (17, 21, 25, 29, 33°C). These
temperatures were selected to represent not only the range of temperatures at which most
bass angling and bass tournaments occur, but also the range of temperatures associated
with relatively low and high mortality of tournament-caught Largemouth Bass (Wilde
1998) and above and below the Largemouth Bass optimum temperature of 26-29°C
(Coutant 1977; Diaz et al. 2007). Handling treatments included a catch-and-immediate42

release angling simulation (hereafter, angling treatment) and tournament-handling
simulations (angling, live well retention, and tournament handling; hereafter tournament
treatments) using three different live well temperature differentials (∆T; no change from
acclimation temperature [0◦C ∆T]; 4°C below acclimation temperature [−4°C ∆T]; and
4°C above acclimation temperature [+4°C ∆T]). The acclimation temperature represents
the water temperature at which angling is taking place (i.e., ambient temperature). The
−4°C ∆T simulates cooling of the water in live wells with ice, a practice that is
recommended for Largemouth Bass tournaments (Siepker et al. 2007; Gilliland and
Schramm 2009; Schramm and Gilliland 2015) and found to reduce mortality of
Largemouth Bass caught in summer tournaments (Schramm et al. 2006). The +4°C ∆T
simulates the temperature change that occurs when anglers pump near-surface ambient
water into the live well throughout a fishing day or the conditions that are experienced by
fish caught in deeper, cooler water and then held in live wells at warmer, surface water
temperatures. Dissolved oxygen was maintained above 5.5 mg/L (70-100% saturation) in
all live wells throughout the temperature trials.
Experimentation consisted of 3 trials per acclimation temperature, a total of 15
trials. Each trial tested the effect of the angling treatment. Each trial was also randomly
assigned one of the three tournament treatments (live well ∆T of −4, 0, or + 4°C). Each
trial began by corralling all fish into one-third of a 4,000 L acclimation tank the tank with
a movable net moved slowly to avoid exciting the fish. Once confined, all fish were
subjected to a chasing stressor. The chasing stressor involved moving two, 41 cm x 41
cm frame, 0.6 cm mesh, long-handled dip nets as quickly as possible throughout the
confined fish to keep them swimming vigorously for 60 seconds. This chasing stressor is
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an accepted method for simulating the stress experienced by fish during angler capture
(Wood 1991) and has been used for the same purpose in other Largemouth Bass stress
research (Suski et al. 2004). Stressed fish were then netted and randomly assigned to
either the angling treatment or 1 of 3 tournament treatments. Fish assigned to the angling
treatment (10 fish) were netted from the acclimation tank, lifted vertically by the lower
jaw, subjected to 5-15 seconds of air exposure and released back into the original
acclimation tank. In addition to assessing the effect of angling on survival at different
temperatures, these fish served as the reference for testing the effects of the three
different tournament treatments on the survival of Largemouth Bass.
Fish to be subjected to the tournament treatment (20 fish total per trial) were
randomly assigned to one of four divided live wells (5 fish per live well) and, then,
randomly assigned to either the left or right side of the live well. Six randomly selected
fish to be used in measuring physiological changes in the stress physiology component of
this study were placed into the vacant side of each live well. Ranger® bass boat live wells
(100 L) were used to replicate the live well conditions in boats commonly used in
Largemouth Bass tournaments. Well water was pumped at a rate of 7 L/minute to all live
wells from a 400 L reservoir tank where dissolved oxygen was maintained ≥5.5 mg/L
(70-100% saturation) and water temperature was controlled at either 4°C warmer than
acclimation temperature (+4°C ΔT), 4°C cooler than acclimation temperature (-4°C ΔT),
or the same as acclimation temperature (0°C ΔT). Dissolved oxygen and water
temperature were measured hourly in each live well with a YSI Model 85 oxygen meter.
Fish were held in live wells for 8 hours to simulate maximum live well retention during
an actual tournament. During live well confinement and throughout the duration of the
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trial, fish without opercular movement, unable to maintain a dorsal-up posture, or
unresponsive to touch were judged dead and removed.
After the 8-hour retention period, fish were individually removed from the live
well by grasping the lower jaw, fin clipped to identify live well, and placed into a black
plastic bag identical to the fish carrying bags used in actual tournaments containing 8 L
of water from the live well from which the fish were removed. All fish from each live
well were held in the carrying bag for 3 minutes to simulate angler transport from the
boat to the weigh-in station. Fish were then poured into plastic boxes suspended in the
post-release tank at the acclimation temperature for the trial to begin the simulated inwater weigh-in (Tufts and Morlock 2004). All procedures for the simulated in-water
weigh-in in the current study were similar to those used in experiments involving actual
and simulated competitive angling tournaments (Schramm et al. 2006; Loomis et al.
2013), and were selected to correspond with conditions experienced by fish during an
actual in water weigh-in. Plastic boxes were 68 x 39 x 26 cm with 2.5-cm diameter holes
in the bottom and sides to allow for the circulation and drainage of water. The plastic
boxes remained submerged in the post-release tank for 10 minutes, during which time
each fish was measured for TL and judged dead or alive using the same criteria as for fish
in the live well. This step simulates anglers waiting to weigh their catch and the
judgment period for fish length and survival in actual tournaments. The box was then
removed from the post-release tank for 30 seconds, allowing water to drain to simulate
transport from the waiting tanks to the scale. The plastic box containing fish was again
immersed in the post-release tank for 60 seconds to simulate the weighing of the fish. To
simulate transport to a live release tank or release into the water, the box was again
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removed from the water for 2 minutes, allowing water to drain, before fish were poured
into the original acclimation tank.
All fish from the trial (angling treatment and tournament treatment) were held in
the same acclimation tank for 5 days to assess delayed mortality. A 5-day monitoring
period was chosen based on previous research that considered delayed mortality of
angled bass negligible after 4-5 days (Schramm et al. 1987; Edwards et al. 2004). Tanks
were monitored twice daily to check for fish mortalities, and all mortalities were removed
upon discovery. Water temperature and dissolved oxygen were measured twice daily in
post-release tanks, and nitrite and ammonia levels were measured before and 2 and 4
days after release.
Experiment 2: Effect of Angling Stress on Survival
This experiment compared the independent effect of angling stress on the survival
of Largemouth Bass subjected to the four handling treatments applied in experiment 1.
Angling stress treatments were a 1-minute forced swim with 5-15 seconds air exposure
prior to release into the acclimation tank or live well and a 3-minute forced swim with 30
seconds air exposure prior to release into the acclimation tank or live well. Because of
the time and large number of fish required to evaluate survival for any treatment variable
for all four handling treatments, the number of fish available restricted the 3-minute
forced swim trials to two ambient water temperatures. The water temperatures selected
were based on results from Experiment 1. Survival of fish subjected to a 1-minute swim
in Experiment 1 was high at 25 and 29°C but significantly decreased at 33°C. Cumulative
stress theory (Barton 1986) predicts that a greater angling stressor (i.e., a 3-minute swim
vs. a 1-minute swim) would cause greater mortality. Thus, we assumed that additional
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angling stress would induce similar or greater mortality at 33°C and focused our efforts at
temperatures at which survival was high with a 1-minute swim stressor. Therefore, the
angling stress experiment was conducted with fish that were acclimated at 25 and 29°C to
identify if additional angling stress would impact survival at these temperatures.
Three trials were conducted at each acclimation temperature. Each trial tested the
effect of the angling treatment and was also randomly assigned one of three tournament
treatments as in Experiment 1. Fish were assigned to live wells during the tournament
treatment as in Experiment 1, except 5 fish for measuring survival were randomly
assigned to each side of each of the four live wells. Weigh-in procedures and survival
determinations were conducted as in Experiment 1.
Live well water quality is important to survival of Largemouth Bass. Live well
pH, ammonia, and nitrite were measured at 4 hours and 8 hours after fish were placed in
live wells in this experiment because maximum live well density was maintained
throughout the 8-hour live well confinement period (the total live well density began at
11 fish in Experiment 1 but was reduced to 9 fish after 1 hour as fish were removed for
physiological stress measurements). The pH, ammonia, and nitrite were measured in each
live well during all trials using the same procedures as for monitoring these variables in
rearing tanks and raceways.
Experiment 3: Effect of Live Well Dissolved Oxygen Concentration on Survival
We evaluated the survival of Largemouth Bass subjected to three live well
dissolved oxygen treatments at 25, 29, 33°C acclimation temperatures.

Live well

dissolved oxygen treatments were 2.0, 5.5, and 8.5 mg/L. A dissolved oxygen
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concentration of 2.0 mg/L was used to simulate hypoxic conditions that may occur in
boat live wells when aeration systems are not used properly. The dissolved oxygen
concentration necessary for maintaining high survival of angled Largemouth Bass is
unknown; however, dissolved oxygen concentrations of 4 mg/L have been found to
impair recovery from stress in Largemouth Bass (Suski et al. 2006). Therefore, we
selected a concentration of 5.5 mg/L, which corresponded to 72-82% saturation at the
temperatures tested, to simulate oxygen concentrations that are greater than stressful
levels and can be achieved by conventional live well aeration systems across the range of
acclimation temperatures tested. The elevated dissolved oxygen concentration of 8.5
mg/L is attainable in boat live wells where aeration systems are used properly and
supplemented with compressed oxygen. Live well dissolved oxygen concentrations
were maintained by manipulating the percentages of O2 and N2 with a gas controller
(Model #OX10000, Loligo Systems, Viborg, Denmark). Water in a 400 L reservoir tank
was gassed with oxygen or nitrogen and pumped at a rate of 7 L/minute to all live wells.
Water temperature was maintained at 0°C ΔT from acclimation in all live wells
throughout dissolved oxygen trials. All fish acclimation, handling, and survival
determinations were conducted as in Experiment 1.
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Statistical Analysis: Water Temperature
The effects of acclimation temperature and handling treatments on the survival of
Largemouth Bass were evaluated with a generalized linear model (GLM) that estimated
the survival probability as:

logit(Pr(Survival)) = β0 + β1Temperature + β2Handling + β3Temperature x Handling (2.1)

where Pr( Survival ) is the probability of survival,

 0 is the intercept of the linear model,

1 is the effect of acclimation temperature,  2 is the effect of handling treatment, and  3
is the effect of the interaction between acclimation temperature and handling treatment.
The handling treatment included the angling treatment and three tournament treatments (4°C ΔT, 0°C ΔT, and +4°C ΔT). The number of Largemouth Bass surviving (the
response variable) each trial was assumed to be binomially distributed given a survival
probability as:
Survivorsi ~ Binomial(Total fishi,Pr(Survival)i)

(2.2)

where Survivors is the number of Largemouth Bass surviving each experimental trial,

Total fish is the number of fish in each treatment replicate (one side of one live well
containing 5 fish), Pr( Survival ) is the estimated survival probability of Largemouth Bass
given the acclimation temperature and handling treatment combination, and i indexes
each combination of acclimation temperature and handling treatment.
49

Statistical Analysis: Angling Stress
The effect of angling stress on the survival of Largemouth Bass subjected to the
handling treatments at acclimation temperatures of 25 and 29°C was evaluated with a
generalized linear model that estimated the survival probability as:

logit(Pr(Survival)) = β0 + β1Temperature + β2Handling + β3Angling stress
+ β4Temperature x Handling + β5Temperature x Angling stress + β6Temperature x Handling x Angling stress

where Pr( Survival ) is the probility of survival,
is the effect of acclimation temperature,

(2.3)

 0 is the intercept of the linear model, 1

 2 is the effect of handling treatment, β3 is the

effect of angling stress treatment, β4 is the effect of the interaction between acclimation
temperature and handling treatment, and β5 is the effect of the interaction between
acclimation temperature, handling treatment, and stress treatment. The handling
treatment included the angling treatment and the three tournament treatments (-4°C ΔT
,0°C ΔT, and +4°C ΔT ). The angling stress treatment included the 1-minute and 3minute swimming stressors. The number of Largemouth Bass surviving (the response
variable) each experimental trial was assumed to be binomially distributed given a survial
probability as:
Survivorsi ~ Binomial(Total fishi,Pr(Survival)i)

(2.4)

where Survivors is the number of Largemouth Bass surviving each trial, Total fish is the
number of fish in each treatment replicate (one side of one live well containing 5 fish),
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Pr( Survival ) is the estimated survival probability of Largemouth Bass given the

acclimation temperature and treatment combination, and i indexes each combination of
acclimation temperature and handling time.
Statistical Analysis: Dissolved Oxygen
The effects of acclimation temperature and live well dissolved oxygen on the
survival of Largemouth Bass was evaluated with a generalized linear model that
estimated the survival probability as:

logit(Pr(Survival)) = β0 + β1Temperature + β2Handling + β3Temperature x Handling

where Pr( Survival ) is the probility of survival,
is the effect of acclimation temperature,

(2.5)

 0 is the intercept of the linear model, 1

 2 is the effect of live well dissolved oxygen

treatment, and β3 is the effect of the interaction between acclimation temperature and
live well dissolved oxygen treatment. The handling treatment included the live well
dissolved oxygen treatments. The number of Largemouth Bass surviving (the response
variable) each trial was assumed to be binomially distributed given a survial probability
as:
Survivorsi ~ Binomial(Total fishi,Pr(Survival)i)

(2.6)

where Survivors is the number of Largemouth Bass surviving each experiemntal trial,

Total fish is the number of fish in each treatment replicate (one side of one live well
containing 5 fish), Pr( Survival ) is the estimated survival probability of Largemouth Bass
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given the acclimation temperature and treatment combination, and i indexes each
combination of acclimation temperature and handling treatment.
Statistical Inference
Lack of variation in survival rates in the current study made it necessary to
conduct a bootstrapping procedure to obtain 2,000 in silico repeats of the original data
set. Replicate datasets provided distributions of the parameters needed to determine
statistical significance among acclimation temperatures and treatment combinations in a
pairwise, 2-sided non-parametric test. First, models fitted to the results of the current
study were used to formulate survival probabilities for all acclimation temperature and
treatment combinations. The probability of fish survival for the acclimation temperature
and treatment combinations of interest were then subjected to pairwise subtractions to
provide the differences in survival probability given each pair (e.g., (Pr(Survival) 33°C; 4°C ΔT) - (Pr(Survival) 33°C; 0°C ΔT); hereafter, observed survival differences).
Second, a non-parametric bootstrapping procedure was then used to generate 2000
replicate datasets by randomly drawing observations with replacement from the original
dataset. The bootstrap procedure was constrained to randomly select within treatment
combinations such that replicate datasets had the same number of observations per
treatment (e.g., 4 replications of each tournament treatment; 4 replications of tournament
treatment in bootstrapped datasets). The original GLM models specified in equations 1,
2, and 3 were then fit to each replicate dataset, and the fitted model was then used to
predict the survival for all acclimation temperature and treatment combinations. The
survival probability for the acclimation temperature and treatment combinations of
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interest were then subjected to pairwise subtractions to provide the differences in survival
probability given each pair (as for the observed survival differences) for each of the 2000
replicate datasets. This procedure provided a distribution of the differences in survival
probability for pairwise subtractions for each acclimation temperature and treatment
combination of interest (hereafter, distribution of survival differences).
Statistical inference was conducted by comparing observed survival differences
with the created distribution of survival differences under a null hypothesis that the
difference was 0. To test the null hypothesis, we centered the created distribution of
survival differences for each acclimation temperature and treatment comparison to 0 by
subtracting the mean difference within each distribution of survival differences created
for each comparison. We then compared the observed survival difference to the created
distribution of survival differences to calculate the probability of obtaining the observed
survival difference. Specifically, we constructed a 2-tailed test by comparing the absolute
value of the observed survival difference to the absolute value of the created distribution
of survival differences centered at 0. The probability of the occurrence of the observed
survival difference was then calculated as the number of bootstrapped differences within
the distribution of survival differences less than the observed survival difference divided
by the number of bootstrap replicates within the created distribution of survival
differences (2000 replications). Statistical significance was determined using α = 0.05.
Risk Assessment
Survival estimates across treatments and acclimation temperatures were used in
the development of a risk assessment procedure that would provide point estimates of the
probability of observing a particular survival rate given the handling treatment, stress
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treatment, and acclimation temperature. Survival probabilities were calculated for 1 or
more, 2 or more, and 3 or more fish dying in a limit of 5 fish using the R statistics
package (R Core Team 2015).

Results
Experiment 1: Effect of Ambient and Live Well Water Temperature on Survival
Largemouth Bass tested (n=448) were 273-399 mm TL; mean = 329 mm TL.
Ninety-five percent of the fish were ≥300 mm. Survival after harvest from ponds and
within acclimation tanks was >90% in all trials. No fish subjected to 1-minute simulated
angler capture and immediate release died during 5-day retention at any temperature
(Figure 3.1). Comparison of survival between tournament-treatment fish at 0°C ∆T and
angling treatment fish tests for the effect of the added stress of tournament handling.
Survival of tournament-treatment fish at 0°C ∆T was not different from the angling
treatments for acclimation temperatures ≤29°C (P≥0.086 for all comparisons) but
significantly less than survival of angled fish at 33°C (P=0.003). Survival was >80% for
fish subjected to all tournament treatments and did not differ among ∆T s at acclimation
temperatures of 17°C, 21°C, and 29°C (P≥0.380 for all comparisons). For fish acclimated
to 25°C and 33°C, survival was not significantly different between -4°C ∆T and 0°C ∆T
(P>0.293), but survival was significantly lower at +4°C ∆T tournament treatment for both
acclimation temperatures (P<0.001). No fish acclimated to 33°C survived the +4°C ∆T
tournament treatment. Initial mortality was observed in response to +4°C ∆T tournament
treatment at 33°C, with nineteen of the 20 fish dying during live well confinement; all
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other mortality in tournament treatments across acclimation temperatures after a 1-minute
swim stressor occurred in the post-release tank.
Probability of 1 or more fish dying in a 5-fish limit was 0% for fish caught and
immediately released at all acclimation temperatures (Table 3.2; Figure 3.2). For fish
subjected to tournament treatments, probability of at least 1 mortality in a 5-fish limit was
0% at all ∆T s at 17 and 21°C acclimation. At acclimation temperatures of 25, 29, and
33°C, the probability of observing at least 1 mortality was higher for fish subjected to a
+4°C ∆T tournament treatment than in fish subjected to -4°C ∆T and 0°C ∆T tournament
treatments. The probability of at least 1 mortality was >87% for all ∆T tournament
treatments at 33°C acclimation. Probabilities of 2 or more and 3 or more dead fish in a
limit of 5 fish at different ambient and live well temperatures are provided in Table 3.2.
Experiment 2: Effect of Angling Stress on Survival
Largemouth Bass tested (n=300) were 278-400 mm TL; mean = 342 mm TL.
Ninety-five percent of the fish were ≥300 mm. Survival after harvest from ponds and in
acclimation tanks was >95% in all trials. Survival of fish subjected to 1-minute and 3minute angling stressors in the angling treatment was 100% at 25°C (Figure 3.3). At
25°C, survival did not significantly differ between angling stressors (P=0.3580) at -4°C
∆T tournament treatment; however, survival was significantly higher (P<0.001) for the 3minute angling stressor for fish in the 0°C ∆T and +4°C ∆T tournament treatments.
Survival of fish subjected to a 3-minute angling stressor did not differ (P=0.401) between
the angling treatment and the 0°C ∆T tournament treatment at 25°C acclimation (Figure
3.4). At 29°C acclimation temperature, survival in the angling treatment was 66% after
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the 3-minute angling stressor and significantly lower (P=0.038) than the 100% survival
after a 1-minute angling stressor. For fish acclimated to 29°C, survival in all tournament
treatments was significantly lower (P<0.001) after the 3-minute angling stressor than
after the 1-minute angling stressor. Survival of fish given the 3-minute angling stressor
did not differ (P=0.117) between the angling treatment and the 0°C ∆T tournament
treatment. Among tournament treatments at 29°C, survival of fish after a 3 minute
angling stressor was greater for -4°C ∆T than for 0°C ∆T (P<0.001) or +4°C ∆T
(P<0.001).
Mortality at 25°C following handling treatments was only observed within the
post-release tank in fish subjected to either the 1-minute or 3-minute angling stressor.
Similarly, at 29°C all mortality for the angling treatment and 0°C ∆T and -4°C ∆T
tournament treatments occurred during the 5-day post stressor monitoring period, but 20
of 21 fish that died after the 3-minute angling stressor in the +4°C ∆T tournament
treatment died during 8-hour live well confinement.
Probability of 1 or more mortality in a 5-fish limit was 5% for fish subjected to a
3-minute swim stressor during simulated catch-and-immediate-release procedures at
25°C, but the probability of mortality increased to 71% (Table 3.3; Figure 3.5) at 29°C .
For fish subjected to a 3-minute angling stress prior to tournament handling, probability
of at least one mortality in a 5-fish limit was <17% at 25°C regardless of live well ΔT.
Risk of 1 or more deaths was >95% for the 0°C ∆T and +4°C ∆T tournament treatments at
29°C acclimation following the 3-minute angling stressor, but this risk declined to 43%
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for the -4°C ∆T tournament treatment. Probabilities of 2 or more and 3 or more dead fish
in a limit of 5 fish subjected to a 3-minute swim stressor are provided in Table 4-3.
Water quality in live wells was measured for all trials in Experiment 2. Nitrite
remained low (0.000-0.010 ppm), and pH in live wells ranged between 7.30-7.70.
Unionized ammonia ranged from 0.020-0.046 mg/L, which is well below tolerance limits
for Largemouth Bass in laboratory studies (0.7-1.2 mg/L; Roseboom and Richey 1977).
Experiment 3: Effect of Live Well Dissolved Oxygen Concentration on Survival
Largemouth Bass (n=270) tested were 281-385 mm TL; mean = 335 mm TL.
Ninety-nine percent of the fish were ≥300 mm. Survival after harvest from ponds and
within acclimation tanks was >95% in all trials. Survival was 100% for 5.5 and 8.5 mg/L
live well dissolved oxygen treatments, but significantly declined (P=0.003) to 80% at 2.0
mg/L at 25°C (Figure 3.6). A similar trend was observed at 29°C; survival was 100% for
live well dissolved oxygen 5.5 and 8.5 mg/L but significantly (P=0.005) declined to 85%
at 2.0 mg/L. Survival was lower at all dissolved oxygen concentrations at 33°C than at
29°C (P<0.003 for all comparisons); survival was only 15% at 2.0 mg/L and significantly
lower (P=<0.001) than 65% survival at 5.5 mg/L but not significantly different (P=0.287)
from 45% survival at 8.5 mg/L. Survival did not differ (P=0.110) between 5.5 mg/L and
8.5 mg/L at 33°C.
The mortality at 2.0 mg/L live well dissolved oxygen treatment at 25 and 29°C
occurred during post-tournament observation. In contrast, 14 of 17 fish that died at 2.0
mg/L at 33°C died in the live well. All of the 7 fish that died at 5.5 mg/L and the 13 fish
that died at 8.5 mg/L died during the 5-day post-stressor observation.
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Probability of 1 mortality in a 5-fish limit in live wells with 5.5 mg/L was <7% at
25°C or 29°C acclimation but increased to 73% at 33°C acclimation (Table 3.4; Figure
3.7). Risk of mortality at 8.5 mg/L was <15% for 25°C or 29°C acclimation but increased
to 94% at 33°C acclimation. The risk of mortality at 2.0 mg/L was 37-46% at 25 and
29°C and 100% at 33°C. Probabilities of 2 or more and 3 or more dead fish in a limit of 5
fish subjected to different live well oxygen concentrations are provided in Table 4-4.

Discussion
Assessment of the survival of fish after release from angling or tournament
handling stressors is complicated by possible stress imparted by collection of reference
fish and holding conditions necessary for evaluating post-release survival. Pollock and
Pine (2007) concluded there is no true control for assessing post-release survival of
tournament-caught fish. In this research, Largemouth Bass survival was monitored
during 2-week acclimation periods for the same individuals tested for treatment effects,
the treatment fish received only the stressor of the treatment being evaluated, and
treatment fish were returned to the identical conditions to which they were acclimated
prior to the stressor. Thus, survival during the pre-treatment acclimation period was a
valid reference for treatment effects on survival. The consistent high survival in the
acclimation tanks after pond harvest and before the angling stressor (the initiation of
treatment evaluations) supports the conclusion that confinement and holding conditions
post angling or post angling plus tournament handling stressors had no effect on survival
attributed to treatment variables.
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Largemouth Bass subjected to catch-and-immediate-release procedures (1-minute
angling stressor) had 100% survival at water temperatures ranging from 17 to 33°C.
Thus, the independent effect of water temperature up to 33°C on the survival of caughtand-released Largemouth Bass is minimal when fight time is 1 minute and fish are
handled quickly and carefully. High survival of Largemouth Bass of similar sizes to
those tested in this study was also observed following simulated (98% survival; Wilde
and Pope 2008; fish 155-355 mm TL) and actual (100% survival; Thompson et al. 2008;
fish 239-462 mm TL) catch-and-release angling procedures at water temperatures ≤27°C.
We simulated the stress of angler capture, but the fish were not hooked. The additional
stress of hook wounding is not known, but hooking in non-lethal locations does not
appear to be a large stressor as evidenced by the 98% survival reported by Wilde and
Pope (2008) for Largemouth Bass subjected to 15-85 seconds handling time, manual
hooking in the oral cavity, and angling for 31-107 seconds before de-hooking and release.
Thus, except for fish hooked in lethal locations, mortality of Largemouth Bass 273-399
mm TL captured and immediately released following 1 minute of angling time can be
minimal across the range of water temperatures at which bass fishing typically occurs.
Conversely, survival of fish subjected to a 3-minute swim stressor and 30
seconds of air exposure significantly decreased at 29°C when compared with the 1minute stressor. Corroborating the results of White et al. (2008) who found 100%
survival of Largemouth Bass 231 to 445 mm TL subjected to exercise for 3 minutes at
23°C, we found 100% survival of Largemouth Bass challenged with a 3-minute swim
stressor at 25°C. The significant decrease in survival with a greater swim stressor at
29°C but not at 25°C indicates that the duration of the swim stressor affects survival, but
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the effect is modulated by water temperature. Decreased survival in response to
additional angling stress at 29°C, but not at 25°C, lends support to the cumulative stress
theory elaborated from laboratory experiments conducted with juvenile Chinook Salmon
Oncorhynchus tshawytscha by Barton et al. (1986) and suggested by Carmichael et al.
(1984) and Schramm et al. (1987) to account for handling mortality of Largemouth Bass.
Thus, the additional angling time of 3 minutes coupled with air exposure, handling and an
elevated water temperature of 29°C acted as sequential and cumulative sublethal stressors
resulting in decreased survival at 29°C in caught-and-released fish. Clearly, catch-andrelease anglers should be encouraged to land fish quickly and return them to the water
with minimal handling and air exposure at water temperatures ≥29ºC.
The effect of the swim stressor modulated by temperature is also apparent for
survival of tournament treatment fish at 0°C ΔT: the survival of fish subjected to the 3minute angling stressor was significantly reduced at 29ºC but not at 25ºC. This
temperature-dependent decline in survival is consistent with previous evaluations of
survival of tournament-caught Largemouth Bass that showed substantial increases in
mortality at ~ 28ºC (Wilde 1998; Neal and Lopez 2001; Gilliland 2002).
Among the numerous studies conducted prior to 1998, survival of tournamentcaught Largemouth Bass ranged from 40-100% (Wilde 1998), with lower survival at
higher temperatures. Recent studies have reported some improvements in survival at
warmer temperatures (>25°C); however, survival has varied widely, with some studies
estimating survival >95% and as low as 60% at 25-30°C (Gilliland 2002; Edwards et al.
2004; Gale et al. 2013). Generally higher survival of fish acclimated to ambient
temperatures ≤29°C (>80%) and held in live wells with dissolved oxygen ≥5.5 mg/L in
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this study compared to field measurements of mortality in actual tournaments may be
partially attributed to stable live well temperatures, careful handling, well-organized
tournament procedures, good live well water quality, and healthy and relatively
homogeneous fish used in the current study. In contrast, variation in fish health, fish
handling techniques and live well conditions among anglers, tournament procedures, and
environmental conditions likely contributed to variable and lower estimates of survival in
previous field-based studies. For example, size of fish (Meals and Miranda 1994), wave
conditions (Suski et al. 2005), and barotrauma (Arlinghaus et al. 2007) have been found
or suggested to affect survival of tournament-caught black bass. Further, additional
handling and holding conditions for assessing post-tournament survival noted previously
potentially add additional stress that could result in lower survival estimates. Our
simulation of live well conditions and fish handling procedures replicated procedures
used in actual tournaments but also represented a “best case” scenario. As such, similarly
high survival may not be achieved in actual tournaments, but our survival estimates
represent rates that can be achieved because all procedures used in this study can be
replicated by informed and conscientious anglers and tournament organizers.
Cooling live well water at higher ambient temperature conditions (>25°C) has
been recommended to tournament anglers and organizers to improve survival of black
bass caught in warm-season tournaments (Gilliland and Schramm 2009; Schramm and
Gilliland 2015) and found to improve survival in actual tournaments (Schramm et al.
2006). Suski et al. (2006) found stress recovery of Largemouth Bass acclimated to 2427°C was impaired for fish held in water 11°C cooler than acclimation but not for fish
recovered in water 5°C cooler than acclimation. Our results, which corroborate the results
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obtained by Suski et al. (2006) for moderate cooling (5°C), suggest that live well cooling
does not positively or negatively affect fish survival when angled for 1 minute and
subjected to tournament handling conditions at ambient temperatures ≤33°C; however, at
ambient temperature of 29°C, cooling the live well 4°C improved survival approximately
40% when fish received a 3-minute angling stressor.
The results across all trials followed consistent trends except for the dip in
survival of tournament treatment fish at 25°C in the temperature trials in which fish were
subjected to a 1-minute swim stressor. Survival of tournament treatment fish acclimated
to 25°C was 100% at oxygen concentrations of 5.5 and 8.5 mg/L in Experiment 3, an
experiment that created identical treatment conditions as the 0°C ΔT tournament
treatment in Experiment 1. Further, we found consistently high survival for tournamenttreatment fish administered a 3-minute swim stressor in Experiment 2, and survival of the
3-minute swim stressor was greater than the 1-minute swim stressor fish in Experiment 1.
The decline in survival for tournament treatment fish at 25°C but not at 29°C in
Experiment 1 cannot be explained. We consider the reduced survival of tournamenttreatment fish subjected to a 1-minute swim stressor at 25°C to be anomalous and
contend that survival of Largemouth Bass subjected to a 1-minute swim stressor and
maintained in live well with dissolved oxygen ≥5.5 mg/L is high at ambient temperatures
≤29°C.
Largemouth Bass retained during traditional competitive fishing events are
subjected to a number of sublethal stressors throughout a tournament day including air
exposure, handling, conditions within boat live wells, and conditions during weigh-in
procedures. Results of the current study that found survival of tournament treatment fish
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to be high and not different from fish that were immediately released indicate high
survival is possible at temperatures ≤29°C using traditional weigh-in tournament
procedures. However, even under ideal conditions, tournament survival declined and was
significantly less than survival of immediately released fish at 33°C across all tournament
treatments. Thus, we suggest that tournament formats that differ from the usual retainweigh-release format may benefit survival when water temperatures approach 33°C.
Alternative tournament procedures, such as “paper” tournaments (no live well
confinement; fish weighed or measured after capture and immediately released) have
been suggested as a means to remove the effects of these sublethal stressors (Wilde 1998)
and are needed to maintain high survival in tournaments when ambient water
temperatures approach 33°C.
Adequate concentrations of dissolved oxygen are essential to ensure survival of
angled fish held in live wells. Suski et al. (2006) and Vanlandeghem et al. (2010) found
dissolved oxygen <4.0 mg/L impaired stress recovery of Largemouth Bass (180-460 mm
TL) at 20-26°C. Although our treatment increments were relatively wide (2.0, 5.5, and
8.5 mg/L), this research demonstrates that 2 mg/L is insufficient and 5.5 mg/L is
sufficient for tournament-caught fish (281-385 mm TL) survival at water temperatures
≤29°C. At 33°C, survival was greatest at 5.5 mg/L dissolved oxygen and not benefitted
by increased dissolved oxygen concentration at least up to 8.5 mg/L dissolved oxygen.
The lack of increased survival at dissolved oxygen > 5.5 mg/L at 33°C suggests survival
was constrained by water temperature.
Observations of when mortality occurred may aid understanding how
temperature, dissolved oxygen, and angling stress effect fish survival. The death of fish
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in most trials occurred during the 5-day post-tournament observation period. The
preponderance of mortality at 33°C and +4°C ΔT during live well confinement is
indicative of the severity of warming live well water as a stressor. Indeed, the upper
lethal water temperature for Largemouth Bass is ~37°C (Coutant 1977), so, low survival
during the +4°C ∆T tournament treatment at 33°C was to be expected. The high
mortality of Largemouth Bass in live wells maintained at 2 mg/L indicates that low live
well oxygen is also a severe stressor. The occurrence of most of the observed mortality
at 29°C after the 3-minute swim stressor in the live well may also be indicative of the
severity of this combination of stressors. However, although supported by only one set of
trials, the increased survival at -4°C ΔT for fish acclimated to 29°C and subjected to a 3minute swim stressor suggest that the effect of an otherwise severe combination of
stressors may be mitigated by live well temperature manipulation.
A risk assessment procedure was conducted to provide estimated probabilities of
observing one, two and three or more dead fish in a 5-fish limit given the different
treatments tested in the current study. Probability estimates can be a useful tool for not
only compiling further information on the effect of handling treatments but also for
informing decisions made by fisheries managers. For example, although a significant
decline in survival of tournament-handled Largemouth Bass was observed at an ambient
temperature of 33°C (Table 3.2), the probability of observing 2 or more and 3 or more
fish dying in a 5 fish limit at 33°C declines by ~30% and ~70%, respectively, when fish
are confined in live wells maintained at 29°C or 33°C rather than 37°C. This information
aids in understanding the severity of a warming live well on fish survival at 33°C and
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how maintaining a cooler live well as temperatures approach 33°C can decrease the
probability of increased mortality. Additionally, the differences in these estimates could
be used to both justify a management decision to recommend cooler live well
temperatures at 33°C, and act as the foundation for an adaptive management framework
to be used in making decisions with emphasis on improving the survival of angler and
tournament-handled Largemouth Bass captured during the warmer months of year.
Live Well Management for Largemouth Bass
Maintaining cool water temperatures when transporting fish is a common practice
of aquaculturists (Carmichael et al. 1984), and cooling live well water has been shown to
improve Largemouth Bass survival in tournaments conducted at water temperatures
>25°C (Gilliland 2002; Schramm et al. 2006). Gilliland and Schramm (2009)
recommend cooling live well temperatures at water temperatures >25°C to improve
survival of tournament-caught Largemouth Bass. The practice of live well temperature
management has been challenged (Sullivan et al. 2015), although Sullivan et al. (2015)
provided no data on Largemouth Bass survival. Also, Suski et al. (2006) concluded that
cooling water impairs stress recovery in Largemouth Bass. Their conclusion, however,
was based only on results obtained when the water was cooled 11°C below the 24-27°C
acclimation temperature; cooling the water 5°C below ambient did not impair recovery in
the same experiment. Our results following 1 minute of angling stress prior to
tournament handling do not support recommendations to cool live well water during
warm ambient temperatures. However, results following the 3-minute angling stressor
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support the recommendation with a large improvement in survival observed in response
to lowering live well temperature 4°C at 29°C.
In review of the results from the current study, which agree with the effect of
moderate cooling found by Suski et al. (2006) and field evaluations during summer
tournaments (Schramm et al. 2006), we suggest that cooling live well water 4°C at
ambient temperatures >25°C has merit for achieving high survival of tournament-caught
Largemouth Bass. Low dissolved oxygen significantly reduced survival. Cooling water
increases aeration efficiency and reduces metabolic oxygen demand (Diana 1983).
Increasing live well temperature at 33°C significantly reduced survival. Increased live
well temperature during a tournament day is common during the summer due to a number
of reasons that may include heat transfer from the boat deck to the live well water and the
pumping of warmed surface water into live wells on hot, sunny days (Gilliland and
Schramm 2009). Therefore, the cooling of live well temperature during the entirety of a
tournament day can be viewed as a preventative measure against increasing live well
water temperature and decreasing survival. Further, optimum and preferred temperatures
for Largemouth Bass are 26-29°C (Coutant 1977; Diaz et al. 2007). Anglers are aware of
this and fish in cooler waters (e.g., on shady banks, in the thermocline, in areas of cool
inflows) to encounter fish seeking their preferred temperature. Thus, cooling live well
water may also mitigate temperature shock of fish caught from these cooler waters by
placing the fish in live well water temperatures that better approximate the temperature
they occupied before capture.
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Implications for Largemouth Bass Fisheries
The current study provides information about the independent effects of water
temperature, live well water temperature, angling stress, and live well dissolved oxygen
concentration on the survival of angler- and tournament-caught Largemouth Bass. High
survival was observed in most experimental trials with survival >85% for fish subjected
to angling and tournament conditions at temperatures as high as 29°C, which are near or
above the 26-29°C thermal optimum (Coutant 1977; Diaz et al. 2007) for the species.
Not until tested temperatures increased to 33°C did fish exhibit significant declines in
survival following tournament-handling procedures, and decreased survival following
catch and immediate release procedures was not observed prior to the addition of longer
angling times at 29°C. The results of the current study show that Largemouth Bass are
tolerant of the stress incurred during angling and tournament handling procedures across
a range of water temperatures if they are landed quickly, handled carefully, confined in
live wells with good water quality maintained at ≥5.5 mg/L dissolved oxygen and at or
below ambient temperatures, and subjected to organized weigh-in procedures.
An almost identical experimental design was used by Loomis et al. (2013) to test
for the independent effect of ambient water temperature, live well water temperature, and
live well dissolved oxygen on the survival of angler- and tournament-caught Walleye.
Loomis et al. (2013) found survival significantly lower at 18°C than at 12°C, an
unexpected result because 18°C is below the 21-22°C preferred and optimum water
temperature for Walleye (Coutant 1977). Further, Walleye survival declined significantly
for fish subjected to catch and immediate release and no fish survived tournament
handling procedures when acclimated to 24°C, a water temperature only 2-3°C above
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optimum for the species. In light of the prevalence of mandatory and voluntary live
release of Largemouth Bass, the high frequency of live release tournaments, and the large
amount of fishing effort for Largemouth Bass that occurs in waters that exceed the 2629°C thermal optimum for the species, the findings of Loomis et al. (2013) mandated an
assessment of the independent effect of water temperature on post-release survival of
angler-caught and tournament-caught Largemouth Bass. In agreement with numerous
studies, this study found water temperature significantly affects the survival of angled
and tournament-caught Largemouth Bass; but, in distinct contrast to Walleye, survival of
Largemouth Bass is minimally impaired throughout the range of water temperatures at
which most Largemouth Bass fishing occurs when fish are handled carefully, landed
quickly, and provided adequate dissolved oxygen in live wells. The differences in
survival response of Largemouth Bass and Walleye challenge the recommendation of
generalized guidelines for achieving high survival of a diversity of angled fish and
support the need for species-specific guidelines, at least for Largemouth Bass and
Walleye (Cooke and Suski 2005). Although some guidelines, like careful handling,
minimum fight time, minimum air exposure, and adequate live well conditions will
benefit survival of all recreational species, the effects of water temperature, even when
measured relative to a species’ optimum temperature, can be substantially different and
have significant population effects. For Walleye, a high proportion of angled and
tournament-caught Walleye will not survive after release, even with proper handling and
live well management, during a substantial portion of the fishing season in many Walleye
fisheries. In contrast, high post-release survival of Largemouth Bass can be achieved
throughout the fishing season in most Largemouth Bass fisheries.
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Table 3.1

Mean ± S.E. pH, total ammonia nitrogen, and nitrite in intensive culture
rearing facilities.
328 L
tanks
pH
NH3-N, mg/L
NO2 , mg/L

Table 3.2

Indoor 4,000 L tanks &
raceways

7.10 ±
0.11
0.218 ±
0.015
0.316 ±
0.086

7.92 ± 0.02
0.244 ± 0.014
0.069± 0.011

Probability of observing 1, 2, and 3 or more fish dying in a 5-fish limit for
Largemouth Bass Micropterus salmoides acclimated to 25, 29 or 33°C and
subjected to 1-minute swim stressor for angling and tournament handling
(-4°C ∆T, 0°C ∆T , and +4°C ∆T) treatments.
Acclimation Handling 1 or more 2 or more 3 or more
temperature treatment mortalities mortalities mortalities
25°C
Angling
0%
0%
0%
-4°C ΔT
18%
2%
0%
0°C ΔT
19%
3%
0%
+4°C ΔT
76%
48%
0%
29°C
Angling
0%
0%
0%
-4°C ΔT
2%
1%
0%
0°C ΔT
3%
1%
0%
+4°C ΔT
16%
2%
0%
33°C
Angling
0%
0%
0%
-4°C ΔT
87%
67%
18%
0°C ΔT
90%
72%
23%
+4°C ΔT
100%
100%
97%
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Table 3.3

Probability of observing 1, 2, and 3 or more fish dying in a 5-fish limit for
Largemouth Bass acclimated to 25 and 29°C and subjected to a 3-minute
swim stressor for angling and tournament-handling (-4°C ∆T, 0°C ∆T , and
+4°C ∆T) treatments.

25°C

29°C

Table 3.4

Handling
treatment
Angling
-4°C ΔT
0°C ΔT
+4°C ΔT
Angling
-4°C ΔT
0°C ΔT
+4°C ΔT

1 or more
mortality
5%
2%
17%
16%
71%
43%
97%
96%

2 or more
mortality
0%
0%
2%
2%
41%
13%
88%
86%

3 or more
mortality
0%
0%
0%
0%
6%
0%
41%
39%

Probability of observing 1, 2, and 3 or more fish dying in a 5-fish limit for
Largemouth Bass that were acclimated to 25, 29 or 33°C and subjected to
different dissolved oxygen concentrations.

25°C

29°C

33°C

Dissolved
oxygen
(mg/L)
2.0
5.5
8.5
2.0
5.5
8.5
2.0
5.5
8.5

1 or more
mortality
46%
6%
14%
37%
4%
10%
100%
73%
94%
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2 or more
mortality
14%
0%
0%
8%
0%
0%
100%
41%
80%

3 or more
mortality
0%
0%
0%
0%
0%
0%
82%
6%
30%

Figure 3.1

Survival rate of Largemouth Bass that were acclimated to 17, 21, 25, 29 or
33°C and subjected to a 1-minute swim stressor in simulated catch-andrelease angling conditions or tournament conditions with live well
temperature adjustments.

Survival rates of fish subjected to simulated catch-and-release conditions are displayed
with open bars. Survival rates of fish subjected to tournament conditions were observed
after live well temperature treatments of -4°C ∆T (patterned bars), 0°C ∆T (shaded bars),
or +4°C ∆T (black bars). Lowercase letters indicate significant differences (P<0.05) in
survival rate within acclimation temperature.
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Figure 3.2

Probability of observing 1 or more fish dying in a 5-fish limit for
Largemouth Bass acclimated to 25, 29, or 33°C and subjected to a 1-minute
swim stressor in simulated tournament conditions with live well
temperature adjustments.

Probabilities were calculated for fish subjected to treatment conditions of -4°C ∆T
(patterned bars), 0°C ∆T (shaded bars), or +4°C ∆T (black bars) in live wells. No values
are provided for fish subjected to simulated catch-and-release conditions because survival
was 100% at all acclimation temperatures (17-33°C). Survival was also 100% for fish
subjected to simulated angler capture and tournament handling at acclimation
temperatures of 17°C or 21°C.
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Figure 3.3

Survival rate of Largemouth Bass acclimated to 25°C (top) or 29°C
(bottom) and subjected to different durations of swim stressors in catchand-release angling or tournament simulations with live well temperature
adjustments.

Survival rates of fish subjected to a 1-minute swim stressor prior to handling treatment
are displayed with open bars. Survival rates of fish subjected to a 3-minute swim stressor
prior to handling treatment are displayed with black bars. Lowercase letters indicate
significant differences (P<0.05) in survival rate within handling treatment.
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Figure 3.4

Survival rate of Largemouth Bass acclimated to 25°C (top) or 29°C
(bottom) and subjected to a 3-minute swim stressor in catch-and-release
angling or tournament simulations with live well temperature adjustments.

Lowercase letters indicate significant differences (P<0.05) in survival rate within
acclimation temperature.
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Figure 3.5

Probability of observing 1 or more fish dying in a 5-fish limit of
Largemouth Bass that were acclimated to 25 (top) or 29°C (bottom) and
subjected to different durations of swim stressors in catch-and-release
angling or tournament simulations with live well temperature adjustments.

Probabilities were calculated for fish subjected to swimming stressors of 1 minute (open
bars) or 3 minutes (black bars) prior to being randomly assigned to a handling treatment.
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Figure 3.6

Survival rate of Largemouth Bass that were acclimated to 25, 29 or 33°C,
and subjected to a 1-minute swim stressor in tournament conditions with
live well dissolved oxygen treatments.

Survival rates of fish subjected to tournament conditions were observed after live well
dissolved oxygen treatments of 2.0 mg/L (patterned bars), 5.5 mg/L (shaded bars), or 8.5
mg/L (black bars). Lowercase letters indicate significant differences (P<0.05) in survival
rate within acclimation temperature.
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Figure 3.7

Probability of observing 1 or more fish dying in a 5-fish limit of
Largemouth Bass acclimated to 25, 29 or 33°C and subjected to a 1-minute
swim stressor in tournament conditions with live well dissolved oxygen
treatments.

Probabilities were calculated for fish subjected to treatment conditions of 2.0 mg/L
(patterned bars), 5.5 mg/L (shaded bars), or 8.5 mg/L (black bars) in live wells.
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