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Abstract

Objective: Live-release black bass Micropterus spp. tournaments are a popular recreational activity across their
native and introduced ranges. There are two common live-release formats: a catch, weigh (or measure), and
immediately release and the more traditional format where fish are captured, retained in a live well, weighed
at a central location at the end of the day, and then released. These events are economically beneficial to host
communities, yet there remains concern about certain practices that occur during live-release black bass tour-
naments with respect to their effects on the welfare of fish. Here, we critically assess the state of the contem-
porary science-based evidence surrounding the logistic (e.g., time of year, weigh-in process) and fish care (e.g.,
barotrauma relief techniques, live-well management) actions that are common in black bass tournaments.

Methods: By synthesizing the evidence base, we provide recommendations for anglers, regulators and tourna-
ment organizations to consider when making decisions in the best interest of the fish. Each topic was searched,
and relevant studies on black bass live-release tournaments were included.

Results: Tournament organizations could be more diligent to avoid planning events before and during the black
bass reproductive period (especially during parental care) and during the warmest months of the year, when
water temperatures are the warmest. Bass boat manufacturers should include oxygen and temperature sensors
within live wells, allowing anglers to have real-time information on live-well conditions. To that end, educat-
ing anglers on water quality parameters, the physiological requirements of black bass, and how to mitigate
stress and mortality would be useful. Regulators could also consider being more engaged in monitoring black
bass tournaments to ensure that best practices are embraced to ensure welfare of the fish. However, it is worth
noting that newer catch, weigh (or measure), and release formats eliminate many of the issues with fish care
that occur during retention and weigh-ins.

Conclusions: Given increasing pressures on black bass (e.g., more tournaments, better technology, climate
change), a shift in the current social norms within the black bass tournament space could be considered to help
ensure that black bass welfare is maintained during tournaments.
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Lay summary

Black bass tournament formats have evolved over time. Much research has focused on improving fish care for traditional (i.e.,
central weigh-in) tournaments; however, the newer catch-weigh-release format avoids many of the challenges and issues with

traditional tournaments altogether.

Introduction

Competitive live-release black bass Micropterus spp. tourna-
ments are a popular sporting activity worldwide, with tourna-
ments hosted in North America, South America, Europe, Asia,
and Africa (for example, see B.A.S.S. Nation Chapters, https://
www.bassmaster.com/bass-nation-chapters/). Specifically for
North America, the number of black bass tournaments held
annually has increased over the past several decades (Driscoll
et al., 2012), with the majority being local “club” tournaments
(i.e., small events). It should also be noted that although fewer
in number, “professional” tournaments are spectacles that
attract substantial media attention and a large public follow-
ing. In the early 1980s, annual events in North America were
just over 10,000 (Duttweiler, 1985), and by the late 1980s, the
number of tournament events doubled, with 23,000 events
occurring annually in the United States (Schramm, Armstrong,
Fedler, et al., 1991). By the early 2000s, there were 32,000
tournaments held per year in the United States (Schramm &
Hunt, 2007), further increasing in the early 2010s to nearly
42,000 tournament events held annually in the southeastern
United States alone (Driscoll et al., 2012). These events pro-
vide immense economic benefits to hosting regions, with rev-
enues generated through accommodation rentals, food, fuel,
and tackle from local shops (Schramm, Armstrong, Fedler,
et al., 1991). Importantly, most of these benefits accrue in
rural regions (Schramm, Armstrong, Fedler, et al., 1991).
Despite the socioeconomic and cultural benefits (see Cooke,
2026, for a summary of the cultural aspects of black bass fish-
ing and tournaments) and the move away from catch-and-kill
events, there have been concerns about possible adverse
effects on the sustainability of the black bass populations since
the early days of live-release black bass tournaments (Barnhart,
1989; Holbrook, 1975; Schramm & Gilliland, 2015). With
increasing ethical concern for how humans interact with wild
animals in natural resource contexts (Smith et al., 2024), there
has also been interest in efforts that improve fish welfare for
all forms of fishing, including tournaments (Diggles et al.,
2011; Ferter et al., 2020).

Black bass tournaments in the late 1960s were catch-and-
kill events; anglers would bring their five heaviest black bass
on a stringer to be weighed. In 1972, Ray Scott had a vision
of conservation in mind and urged that anglers keep their
black bass alive for the entirety of the tournament. The advent
of the live well (on boats for keeping black bass alive during
a tournament) enabled the advent of the contemporary
live-release tournament format. At present, traditional live-re-
lease tournaments involve anglers capturing three to six black
bass (usually a five-fish limit) and placing them into a manda-
tory onboard functioning live well. These fish must meet total
length restrictions set by tournament directors or jurisdic-
tional regulations and usually range between 30.5cm (12
inches) and 45.7 cm (18 inches), depending on the species

and tournament location. Once an angler reaches their limit,
the angler is able to cull (i.e., high-grade), if legal, to attain
the heaviest set of five fish for the weigh-in. Captured fish
that are culled by anglers can be released anywhere, often-
times in locations other than where they were captured. At
the end of the fishing period (typically 8 h), black bass that
are still retained in the live well are brought to a central
weigh-in location where they are weighed using an air or
water weigh-in system (Suski et al., 2004; Tufts & Morlock,
2004). After being weighed, the fish are either released imme-
diately near the weigh-in location or held in tanks on either a
live-release boat or truck to be released at a predetermined
location. There are other less prevalent retention formats
(e.g., events that do hourly weigh-ins for individual fish or
shore-based events where fish are transported to a central
weigh-in by vehicle; Cooke et al., 1998). Ensuring that black
bass are in good condition for the entirety of the tournament
is an important aspect of the live-release tournament format
and warrants critical best fish handling practices that will
increase survival, reduce sublethal stressors, and result in
more sustainable fisheries (Schramm, Armstrong, Funicelli,
et al., 1991). Anglers receive penalties for bringing moribund
fish to the scale, and mortality events from live release can
increase scrutiny and negative views by the public or other
anglers (Wilde, 1998; Wilde et al., 2002). Thus, many aspects
of a contemporary live-release angling tournaments prioritize
the safe capture, retention, and release of captured fish.
Evidence to date suggests that black bass tournaments have
minimal to no adverse effects at the population level (Allen
et al., 2004; Driscoll et al., 2007). Yet, despite the priority
that anglers and organizers place on fish care during tourna-
ments, there has always been uncertainty around traditional
live-release tournaments (Schramm, Armstrong, Funicelli,
et al., 1991) concerning their potential harm to individual
fish (e.g., Kamara et al., 2024). More specifically, there are
several factors during live-release tournaments that may
result in negative effects at the individual level. During live-
well holding, for example, black bass can experience crowd-
ing (Cooke et al., 2002), exposure to diseases from other fish
(Schramm & Davis, 2006; Schramm et al., 2004; Steeger
et al., 1994), impaired recovery rates from hypoxia (Hartley
& Moring, 1995; Suski et al., 2006), and physical injuries
from collisions or abrasion within the live well (Brooke et al.,
2019; Maynard et al., 2013; McLaughlin et al., 1997; Steeger
et al., 1994). Assuming that water quality and thermal envi-
ronments are suitable during live-well retention, Suski et al.
(2004) suggest that the weigh-in and the air exposure period
associated with it are the most challenging aspects of a
live-release tournament event for fish because of the bio-
chemical and metabolic disturbances (i.e., decreases in energy
stores, increases in metabolites like lactate and hormones like
cortisol, as well as cardiorespiratory alterations and osmoreg-
ulatory challenges; e.g., Suski et al., 2004) that occur as a
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result of the weigh-in process. Furthermore, exceeding the
carrying capacity and depletion of resources can occur when
black bass are stockpiled in common locations following
weigh-in and can lead to concerns related to crowding,
resource depletion, or increased susceptibility to capture
(Richardson-Heft et al., 2000; Wilde, 2003). Beyond stockpil-
ing, displacing fish from their capture location to a weigh-in
location can hinder the ability of the fish to return to their site
of capture (e.g., Abrams et al., 2021; D. T. Brown et al., 2015;
Ridgway, 2002). Thus, a number of factors during live-release
black bass tournaments can act alone or synergistically to
increase the mortality levels of captured, weighed, and
released fish or otherwise negatively affect black bass.

Given the range of potential aspects of a tournament where
common practices can negatively affect individual fish, a
number of best practices have emerged over time that have
been embraced and shared within the black bass fishing com-
munity that are directed at alleviating welfare concerns and
maximizing fish survival. These best practices include a shift
in angler ethics and support for catch and release of fish, the
incorporation of technological advances in fish care (e.g.,
oxygenation systems), some unsubstantiated remedies
intended to revive fish (e.g., pouring carbonated water on
gills) or improve fish condition in the live wells (e.g., various
substances that purport to facilitate recovery and maintain
fish health and condition), and science-backed recommenda-
tions such as the Bass Anglers Sportsman Society’s (B.A.S.S.)
Keeping Bass Alive “document/online resource,” which has
evolved and been updated over time (Gilliland & Schramm,
2009; Gilliland et al., 2002). Although the Keeping Bass Alive
document is authored by noted experts in the field and relies
on some published literature, it is directed primarily toward
the traditional black bass live-release format and thus does
not cover all of the ways that black bass are captured and
handled and released during tournaments. The evidence base
regarding how fish respond to anthropogenic and natural
stressors is constantly growing, and angler activities are con-
stantly evolving—many of which can either harm or help fish
and extend beyond the Keeping Bass Alive document. In this
way, there are aspects of fish care and recommendations that
are either absent from or in need of updating within the
Keeping Bass Alive document to ensure that fish care at tour-
naments is current and based on the best available science.
For example, the document does not cover relevant topics
such as weigh-in locations or fishing during the spawning
period. Also, best practices are species and context specific
(Cooke & Suski, 2005), meaning that they may differ across
species, aquatic systems, and reproductive stages of the target
species. It is known that Smallmouth Bass M. dolomieu have
jaw morphology and physiological tolerances (e.g., for tem-
perature, dissolved oxygen, ammonia) that are different from
those of Largemouth Bass (M. nigricans [previously known as
M. salmoides]; Bennett et al., 1989; Furimsky et al., 2003;
Hartley & Moring, 1995). Some tournaments also include
other species, for example, Spotted Bass M. punctulatus, and
southern tournaments undoubtedly target Florida Bass M. sal-
moides (previously M. s. floridanus). Moreover, it is also
known that fish are locally adapted to their environment, so
even fish of the same species can vary in terms of their

physiological tolerances, metabolism, and sensitivity to stress
across their range (most well studied in salmonids; Fields
et al., 1987; reviewed in McKenzie et al., 2021). Indeed,
research on Pacific salmon Oncorhynchus spp. has revealed
significant intraspecific variation that is relevant to fisheries
interactions (Raby et al., 2015). Such information for black
bass is largely absent other than the recognition that out-
breeding occurs when fish that are from different regions are
bred, indicating that locally adapted gene complexes have
been perturbed (e.g., Cooke et al., 2001; Philipp & Claussen,
1995). Therefore, creating best practices for live-release black
bass tournaments that cover the range of tournament formats
is challenging and likely needs to be both geographically and
species specific.

To that end, the objective of this synthesis is to provide the
best available evidence-based practices for various black bass
tournament formats to minimize the adverse effects of live-re-
lease tournaments on individual fish. We focused on studies
that are peer reviewed, technical reports or theses, and that
do not consider unsubstantiated claims (whether on products
or websites or angler testimonials) to be valid forms of evi-
dence, although that does not mean that a given product or
method that is purported to benefit fish does not do so.
Rather, we simply lack sufficient information to assess the
veracity of a given claim or anecdote. We acknowledge that it
is often bottom-up activities of individual anglers, entrepre-
neurs, or tournament organizers that lead to innovations in
fish care, but such efforts need to be validated experimentally
to ensure that they are beneficial for fish (and not harmful or
simply “snake o0il”). The information that is provided in this
review can be used by black bass anglers to improve their fish
care while fish are being transported in the live well and pro-
vide ways that tournament directors can improve tournament
protocols. Furthermore, this synthesis will provide informa-
tion that fisheries managers can use to educate anglers and
create regulations that enhance the welfare of black bass for
live-release tournaments. We begin by synthesizing the avail-
able evidence, identifying the extent to which the current
B.A.S.S. guidelines (i.e., Keeping Bass Alive) align with that
evidence, and then we identify key uncertainties and knowl-
edge gaps that could be addressed. The sequence of the sec-
tions follows how a typical live-release black bass tournament
would unfold. It is organized by what should be considered
prior to the tournament occurring, during tournament hours,
and after the tournament weigh-in has been completed.

Tournament organization and planning
Water temperature

One of the most crucial factors that affects fish behavior and
survival during an angling event is water temperature
(Figure 1). Fish are ectotherms; thus, most biological pro-
cesses, including metabolic rates, cellular function, protein
function, and protein structure, depend on water temperature
(e.g., Brett, 1971; Fry, 1971; Prosser, 1991). In a review by
Gale et al. (2013), postrelease mortality and sublethal effects
in other freshwater fish species increase by 70% in warmer
temperatures. In recreational fisheries, the combination of
prolonged air exposure, increased exercise, and injury can
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Figure 1 Diagram showing the potential of mortality for two tournament scenarios with increasing water temperatures.

exacerbate the sublethal and lethal consequences of water
temperatures (e.g., Cooke et al., 2002; Gingerich et al., 2007).
Physiological alterations such as increased blood glucose and
lactate (Brownscombe et al., 2014; Dinken et al., 2022;
Gustaveson et al.,, 1991), elevated cardiac output (Cooke
et al., 2003; Schreer et al., 2001), increased oxygen consump-
tion (Diaz et al., 2007), stunted growth (Fantini et al., 2021),
and increased possibility of fungal infections (Cooke et al.,
2000) at higher water temperatures have all been reported for
Smallmouth Bass and Largemouth Bass. Greater initial and
delayed mortality in warmer water temperatures has been
reported in both simulated tournament settings (Keretz et al.,
2018; Neal & Lopez-Clayton, 2001; Schramm et al., 1987;
Wilde, 1998) and nontournament settings (Cooke & Hogle,
2000). Ultimately, the fate of fish following release from a
tournament is heavily influenced by water temperature, which
allows, or halts, their ability to complete the critical biological
processes that are needed to recover (Elliot, 1981; Gale et al.,
2013). Different species will exhibit differing thermal ranges
and maximum tolerances, which can also shift by geographi-
cal location (e.g., Beitinger et al., 2000). Although fish metab-
olism, swim speed, and growth generally increase at higher
temperatures (e.g., Coutant, 1975; Diaz et al., 2007; Kelsch,
1996), there is a threshold that, when exceeded, can impact
the fitness and survival of the fish due to the disruption of a
number of cellular and metabolic processes (e.g., Farrell et al.,
2008; Portner et al., 2008; Steinhausen et al., 2008; D. P.
White et al., 2020).

Upper thermal tolerances for black bass vary by species and
across their geographical range. Both lab and field studies
have demonstrated that water temperature has a strong influ-
ence on the postcapture survival of black bass across their
range (e.g., Maahs et al., 2021; Neal & Lopez-Clayton, 2001;
Schramm et al.,, 1987, Welborn & Barkley, 1974; Wilde,
1998). Laboratory studies suggest that mortality of
Largemouth Bass increases when water temperatures are
>33°C (Keretz et al., 2018). For Smallmouth Bass in the north,
laboratory studies suggest that mortality increases when

temperatures exceed 32°C (Coble, 1975; E. A. Edwards et al.,
1983), and Smallmouth Bass in their southern range have a
higher threshold for mortality at 38°C (Brewer et al., 2022).
However, laboratory and simulated studies likely overesti-
mate these temperature thresholds given the differences from
field studies, which consistently show mortality at lower tem-
peratures. For field studies, mortality increases when water
temperatures are >25°C, but variation occurs across the black
bass species and range (Coutant, 1975; G. P. Edwards et al.,
2004; Hartley & Moring, 1995). What is clear from these stud-
ies is that northern populations of black bass are more sensi-
tive to warm water temperatures than the southern population
of black bass that have a higher temperature tolerance
(Coutant, 1975; G. P. Edwards et al., 2004; Hartley & Moring,
1995; Seidensticker, 1975). Yet, the common theme is that
risk of mortality increases during the summer months, when
water temperatures are the warmest (Hay et al., 2025).
Overall, temperature thresholds for risk of mortality are lower
for Smallmouth Bass (20-25°C) than for Largemouth Bass
(25-30°C). While generally, tournaments should be more
aware of the effects that water temperatures can have on
mortality, these discrepancies in threshold also highlight the
need to be cautious and consider that subpopulations from
different regions may differ in thresholds for when mortality
risk increases.

Water temperature affects not only the metabolic rate of
black bass but also the amount of dissolved oxygen that the
water can hold, which affects the ability of fish to cope with
stressors and recover from an angling event (Schreer et al.,
2001; Suski et al., 2006). At warm water temperatures, dis-
solved oxygen concentrations are reduced, yet the metabolic
demand of black bass is increased and they require more oxy-
gen to maintain basic bodily functions. Warm water also has
physiological implications that limit, or even halt, oxygen
delivery within fish (Jutfelt et al., 2024). Indeed, the dilemma
of an increased metabolic rate and oxygen demand from
warm water, in conjunction with the stress of low oxygen
availability in the surrounding warm water, can result in the
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mortality of fish (Pollock et al., 2007). It is also clear that
Smallmouth Bass are more susceptible to low oxygen levels
than Largemouth Bass (Furimsky et al., 2003).

Effects on spawning black bass

When water temperatures reach approximately 14°C in the
late winter or early spring, male Smallmouth Bass and
Largemouth Bass move into the littoral zone and create
depressions in the substrate, forming nests (e.g., Kramer &
Smith, 1962). While both species may occur in similar
water bodies, Largemouth Bass nest in finer (e.g., silt), vege-
tated substrate and Smallmouth Bass nest in coarser, rockier
substrate (e.g., gravel). After egg deposition, females leave the
nest, leaving the male to guard the nest and fry for approxi-
mately 5 weeks until fry reach independence. During this
time, the male will aggressively defend the brood from preda-
tors, with this period being crucial for the survival of the off-
spring (e.g., Cooke et al., 2006; M. L. Gross & Kapuscinski,
1997; M. R. Gross, 2005; Parkos et al., 2011; Philipp et al.,
1997; Ridgway et al., 1989).

Black bass can be vulnerable to angling during the repro-
ductive period, as they increase aggression levels to protect
their brood during this time, particularly at northern latitudes
(Sutter et al., 2014). Capturing males during the spawning
period can result in 50% of the brood being predated within
8-10 min of capture, which subsequently increases the risk of
nest abandonment (e.g., Stein & Philipp, 2015; Suski et al.,
2003; Zuckerman et al., 2014). The potential for nest aban-
donment or a halt in parental care by the male increases with
decreasing number of eggs or fry (Suski & Philipp, 2004;
Zuckerman et al., 2014). Nest abandonment by males
increases in the southern range (i.e., lower latitude) of
Smallmouth Bass (Hanson et al., 2008). What is important
about nesting success in northern latitudes (e.g., Ontario,
Canada) is that it is directly related to recruitment success
(Philipp et al., 2023) and therefore suggests that angling nest-
ing fish can have negative effects on the population of black
bass (Philipp et al., 1997). Although nest abandonment fol-
lowing capture occurs across the range of black bass (Hanson
et al., 2008; Philipp et al., 1997; Trippel et al., 2017), the lack
of population effects in southern climates (e.g., Florida, USA)
might be due to the high productivity and greater densities of
black bass in southern systems, where they have the ability
spawn multiple times per year (Dadzie & Aloo, 1990; Hargrove
& Austin, 2017; Shaw & Allen, 2014; Waters & Noble, 2004).
Overall, avoiding capturing black bass during the nesting
period is prudent to help increase recruitment success (Philipp
et al., 1997, 2023) in systems with low productivity that do
not receive supplemental stocking.

Given that fish size (Iength or weight) is an important met-
ric for black bass tournament success, size in relation to
spawning behavior is an important factor to consider.
Generally, larger males are more aggressive and are more suc-
cessful in defending their nests (Gingerich & Suski, 2011).
Therefore, these larger, aggressive males are more likely to
carry their brood to independence (Philipp et al., 1997).
Taking aggressive males off their nests for an extended period,
particularly in weigh-in tournament format tournaments, can
greatly decrease black bass nesting success (Diana et al.,

2012). Not allowing these aggressive males to succeed in
reproduction is also a major driver in human-driven fisher-
ies-induced evolution (Philipp et al., 2015). Aggressive males
are more likely to be angled off nests in tournaments and are
likely to be unsuccessful in raising their broods to independ-
ence, thus leaving smaller, less aggressive males to succeed in
spawning. Due to the plasticity in age of maturation that is
seen in centrarchids, overall population sizes are subject to
change if there is a decrease in larger males. Smaller males
will mature at an earlier age and thus invest less energy in
growth (e.g., Aday et al., 2006; Drake et al., 1997). As a
result, fisheries induced evolution can happen, potentially
shifting the demographic of the black bass population toward
producing smaller fish (Philipp et al., 2023).

While it would be best to avoid angling for nesting black bass
altogether (Gwinn & Allen, 2010; Philipp et al., 2023), we rec-
ognize there are logistical and socioeconomic challenges asso-
ciated with changing tournament dates or locations to
accommodate this. Aside from shifting tournament location or
dates on short notice, organizations should plan to avoid hold-
ing events on water bodies during the suspected spawning
period as much as possible. However, in all reality, tournament
scheduling generally occurs several months prior to the event
occurring, predicting the exact time frame on which spawning
and fry guarding will be finished at different locations is
extremely challenging. In a situation where the majority of
black bass are still spawning or guarding their brood during
the period of the tournament, we strongly encourage tourna-
ment organizations to be flexible and adopt the catch-weigh—
release format (Diana et al., 2012). We understand the logistical
challenges associated with having to fill each vessel with an
official marshal, but proceeding with a catch-weigh-release
format (i.e., caught, weighed, and released immediately at the
site of capture) will reduce the time that black bass are away
from their nest, minimize brood predation, reduce nest aban-
donment, and ultimately increase recruitment success (Hanson
et al., 2007). Current research on the effects of angling on nest-
ing success has mostly been focused in northern geographical
regions, so there is a need for more research across a broader
range of latitudes (like in Hanson et al., 2008).

Fish capture
Gear choice

Gear choice made by anglers prior to capture (e.g., rod and
line) and at the point of capture (e.g., landing method) has a
direct effect on the fight duration of the fish (reviewed in
Brownscombe et al., 2017; LaRochelle et al., 2025). Once
hooked, fish experience a startle response, which often results
in the fish engaging in burst swimming with fast-twitch white
muscle (anaerobic exercise) while combating the fishing gear
(Kieffer, 2000; see also Bieber & Suski, 2024). Burst swimming
during an angling event depletes the energy stores in white
muscle (e.g., glycogen, adenosine triphosphate, phosphocre-
atine), resulting in an accumulation of anaerobic by-products
such as lactate (Gustaveson et al., 1991; Kieffer et al., 1996;
Wood, 1991). Exhaustion occurs when the white muscle
energy reserves are depleted, and longer fight times result in
greater levels of lactate accumulation (Kieffer, 2000). Fish

920z Jaquaideg 1o uo 1senb Aq £286¢/8/Sy0BebAawIeU/SE01 "0 /I0p/a|oNIB-80UBAPE/WIEU/WOD dNO™OILSPEIE. WO} POPEOJUMO(]



6 <+ North American Journal of Fisheries Management, 2026, Vol. 00, No. 00

that are exhausted can have immediate reflex impairments
(e.g., loss of equilibrium; Danylchuk et al., 2007) and may
lack the ability to burst swim once released, all of which can
decrease the overall fitness of captured fish (e.g., failure to
avoid predators; Brownscombe et al., 2014). The magnitude of
physiological and behavioral disturbances that captured black
bass experience will be reduced by selecting appropriate gear
that avoids unnecessarily long fight times and exhaustion
(Brownscombe et al., 2017; Cooke & Suski, 2005; LaRochelle
et al.,, 2025). Reducing the magnitude of physiological and
behavioral disturbances means that black bass will be able to
recover from the capture event faster and be more resilient to
other challenges that are associated with live-release tourna-
ments (e.g., air exposure, live-well retention, weigh-in).

Recent trends in black bass angling have shifted toward the
use of finesse lures (light lures), which are best fished on
lighter rods and light line (i.e., 2.3 kg [51b]). These lighter
setups are essential for anglers, as they allow the anglers to
cast and work lures effectively. However, black bass that are
captured on lighter setups have longer fight times than fish
that are captured on medium to heavier traditional black bass
setups to avoid breaking the line (Cooke et al., 2016;
LaRochelle et al., 2025). Avoiding light gear (e.g., line) when
targeting larger black bass is recommended to avoid exces-
sively long fight times.

Beyond the rod and line that are used, there is a clear
increase in fight time with increasing body size of fish within
a respective species (Griffin et al., 2022; LaRochelle et al.,
2023, 2025). There are landing methods that can be used to
shorten the fight times for larger fish, especially when using
lighter gear. Landing nets are an important tool that anglers
can use to reduce the fight times of fish, especially larger
fish (see LaRochelle et al., 2023). The available area to cor-
ral a fish when using a net is much greater than the preci-
sion needed to grab the fish by hand. Although not using the
proper net (e.g., knotted-polypropylene mesh) can increase
handling times and cause physical damage to fish, such as
fin erosion (Barthel et al., 2003), epithelial damage (Colotelo
et al., 2011), and scale loss (Lizée et al., 2018). Using a land-
ing net helps to reduce not only fight times but also the num-
ber of fish that are “boat-flipped.” This technique is often
used by experienced black bass tournament anglers and
relies on the momentum of fish in conjunction with swing-
ing the rod to extract the fish from the water and land it
directly in the boat. Although this method can be effective
at landing fish, there are issues related to having fish being
placed onto the deck or bottom of a boat. Removal of the
protective mucus and scale loss can occur when fish are
placed on abrasive surfaces such as the carpet of a boat
(Colotelo et al., 2011). Mucous and scale loss makes fish
prone to fungal infection and diseases (e.g., Saprolegnia) that
can lead to delayed mortality (Colotelo et al., 2013; Schwabe
et al., 2014).

Currently, landing nets are not allowed to be used in black
bass tournaments at the highest levels (i.e., professional). It
may be beneficial to reconsider these requirements when
anglers are primarily going to be using finesse gear to capture
black bass. Allowing anglers to use a rubber net, which could
be restricted (e.g., size and length) by the organization, would

reduce unnecessarily long fight times and the subsequent
exhaustion of black bass.

Hooking injuries

When a fish successfully engages with an organic or artificial
bait configured with single or multiple hooks, the point(s) of
the hook(s) penetrate hard and soft tissues, inevitably causing
physical injury (reviewed in Muoneke & Childress, 1994). In
catch-and-release fishing, including for black bass tourna-
ments regardless of tournament type, the extent and severity
of hooking injury can pose sublethal and lethal effects (Siepker
et al., 2007). There has been considerable research focused on
hooking injury in centrarchids, including black bass species
that are commonly targeted in tournaments (Cooke &
Danylchuk, 2020; Cooke et al., 2003, 2022). Although almost
all black bass tournaments focus on the use of artificial baits,
studies that have specifically focused on hooking injuries
when using live/dead organic baits (e.g., Cooke et al., 2003,
2012; Hussey et al., 2025) can also help inform best practices
across tournament types. The extent and severity of hooking
injury can be influenced by a wide range of factors including
the type and number of hooks on the lure (Trahan et al.,
2021), the use of scented lures (Dunmall et al., 2001), anatom-
ical hooking location (Cooke et al., 2022; Trahan et al., 2021),
angler experience (Clarke et al., 2021; Dunmall et al., 2001;
Siepker et al., 2007), and the force needed for dehooking prior
to being put in a live well or when released at the point of
capture (Cooke et al., 2021, 2022).

Hook choice and whether a hook is barbed or barbless are
aspects of fishing that are in an angler’s control, and using
science to inform best practices can reduce both physical and
physiological damage to black bass (Brownscombe et al.,
2017). The difficulty of hook removal increases with the use
of treble hooks and barbed hooks and when baits are config-
ured with multiple hooks (Hussey et al., 2025; Trahan et al.,
2021). Although specialized dehooking tools and techniques
can be used to assist anglers when removing hooks, their use
often requires exposing fish to air and additional handling
(Vermaire et al., 2025), physiological stress (Cooke et al.,
2021), and epithelial damage (Colotelo & Cooke, 2011), thus
prolonging recovery. When a fish is hooked deeply (e.g., eso-
phagus), it is advised to cut the line and leave the hooks in, as
digging the hook out can result in physical injury to vital
organs and reduce survival (Cooke & Danylchuk, 2020; Cooke
et al., 2022). It is recommended that black bass anglers have
hook-cutting tools in their possession during tournaments, or
anytime they are practicing catch-and-release angling.
Requiring anglers to cut the line or hook when fish are deeply
hooked can help lower initial and delayed mortality.

Holding and weighing fish

How black bass are held by anglers can influence the duration
of recovery following release (Skaggs et al., 2017). For exam-
ple, Skaggs et al. (2017) revealed that Florida black bass that
were held vertically with a lip gripper or held horizontally by
using a single hand to lip the fish took longer to recover from
the angling event than fish that were supported using two
hands, one holding the lip and the other supporting the body.
Given that black bass tournaments require exposing fish to air
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for weighing, collective evidence indicates that the duration of
air exposure should be minimized, especially at higher water
temperatures (Cooke et al., 2002; Thompson et al., 2008; A. J.
White et al., 2008). Although it can be challenging to accu-
rately weigh individual fish without exposing them to air,
moving toward methods that avoid vertically hanging fish
could be the next step. Anglers and tournament officials may
consider moving away from vertically hanging fish given that
vertically hanging fish can increase the recovery period
(Skaggs et al., 2017). Using a cradle with nonabrasive material
could be a good alternative to vertically hanging black bass
while trying to weigh them.

Cull tags

Traditional weigh-in based competitive fishing events for
black bass involve “culling,” whereby smaller fish held in
live wells are replaced by larger fish over the course of a
given day. To make culling more efficient, it is common for
tournament anglers to weigh fish at the time of capture, tem-
porarily apply some form of tag, and then record the weight
before putting the fish in the live well. That way, subsequent
catches can be weighed and it can be quickly determined if
that fish should be released or switched with an existing fish
to increase the total weight of fish in the live well. To tag or
mark fish, a variety of tools are used, including lip-based grip-
ping or penetrating clips, tail lassos, stringer-like gill clips, or
putting fish in mesh sleeves. Concern for the effects of these
devices on black bass (e.g., injury to mouth/gills, skin dam-
age/mucous loss, impairments in respiration) has prompted
two studies on the topic. First, Chong et al. (2021) compared
the effects of different devices and concluded that physiolog-
ical recovery (i.e., blood-based metrics) of Largemouth Bass
following capture was delayed in fish that were exposed to a
range of different marking methods relative to fish that were
held without any mark. Second, Kamara et al. (2024) quanti-
fied the effect of cull tags on physical injury in Largemouth
Bass and also included a 3-d holding period to quantify mor-
tality. No mortalities were observed during holding in the
study by Kamara et al. (2024), but all of the fish that were
marked with commonly used cull tags showed increased
injury rates, and the through-the-gill-arch clip showed higher
injury rates relative to other tags, consistent with previous
stringer studies on Smallmouth Bass and Northern Pike Esox
lucius (Cooke & Hogle, 2000; Madden et al., 2023). Given that
the available evidence suggests that the use of marks (i.e.,
cull tags) tends to delay recovery and cause various levels of
injury, best practice would suggest limiting their use for fish
that are likely to be brought to the weigh-in. Additional work
is needed to determine whether it is possible to design weigh-
ins that hold fish individually to enable easier sorting without
any marking or additional handling. Indeed, Brooke and Tufts
(2012) filed a patent that involves using padded chambers to
hold fish in that manner. Research that was cited in the pat-
ent application suggests that the padding has the added ben-
efit of reducing collisions of the fish with the walls of the
live well. We also acknowledge that the culling issue is moot
for fish that are captured as part of catch-weigh-release tour-
naments (see Cooke et al., 2020), notwithstanding the fact
that some weighing methods involve temporarily suspending

fish using clips that are not unlike those that are used for
culling. Anglers may consider avoiding or reducing the
amount of time they suspend fish from their cull tags when
they are in the process of culling or lifting fish from the
live well to weigh bags.

Live-well management
Live-well water temperature and circulation

Water quality and temperature in the live well are critical
factors in attempts to keep black bass alive during retention
and transportation. Live wells use recirculating pumps that
fill from the surface of the lake. Commercially manufactured
live wells have varying operational methods (e.g., recircula-
tion, aeration, oxygenation) to help improve the water qual-
ity. Anglers will opt to recirculate water within the live well
to help add dissolved oxygen, or they may opt to replace the
water with exterior surface water to help remove metabolic
waste, ammonia buildup and replenish dissolved oxygen lev-
els (Kwak & Henry, 1995).

Black bass that are retained in live wells during tournament
events are likely to experience temperatures similar (+ 2°C)
to the epilimnion (i.e., surface) of the surrounding water,
assuming that anglers run their live-well pumps regularly, as
the water in the live well is pumped from the surface (Hartley
& Moring, 1993; Hay et al.,, 2025; Sullivan et al., 2015).
Because most black bass species are likely captured from the
epilimnion of the water body owing to declines in oxygen
below the thermocline (Barrett et al., 2024; Suski & Ridgway,
2009), it is likely that fish that are held in live wells that reg-
ularly draw in surface water would not experience changes in
water temperature from that of the epilimnion where they
were captured during a tournament day. The exception here
is when fish are residing and are captured from near or in the
thermocline. In this situation, the differences in capture tem-
perature relative to that during live-well retention may be
stark.

Research concerning live-well water temperature has been
focused mostly on Largemouth Bass, with little evidence for
water temperature thresholds for other black bass species
(e.g., Smallmouth Bass). Mortality does not occur when
Largemouth Bass are retained in a live well at 25°C and water
temperatures change by +4°C during a 6-h holding period,
indicating that warming water temperatures when the
live well is 25°C are not problematic (Dinken et al., 2022).
However, mortality of Largemouth Bass was 100% when live-
well temperatures increased by 4°C when the fish were
retained in live wells that were 33°C, but mortality was min-
imal when the water temperature was kept the same at 33°C
(Keretz et al., 2018). When water temperatures are <29°C
during a tournament, evidence suggests that the temperature
of the live well does not induce mortality or impair recovery
from exercise, suggesting little threat to Largemouth Bass or
the need for water temperature mitigation (Keretz et al.,
2018; Suski et al., 2006). But, if water temperatures in the
live well exceed 29°C, the risk of mortality increases and the
need for mitigation may be warranted (Keretz et al., 2018).

Another concern with live-well water temperature relates
to the cooling of water, largely through practices performed
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by anglers (albeit this issue is similar to what might be expe-
rienced at a weigh-in event coordinated by a tournament
organizer). To mitigate warm water temperatures in the
live well, anglers have been recommended by B.A.S.S. fish
care guidelines to add ice to their live wells to reduce water
temperatures when surface water temperatures exceed 24°C
(Gilliland et al., 2002). There is a lack of evidence to support
that decreasing water temperatures in the live well can reduce
mortality of black bass (Dinken et al., 2022; Keretz et al.,
2018; Schramm et al., 2006). Cooling the live-well water tem-
peratures by 5°C did not reduce delayed mortality in
Largemouth Bass after a tournament (Ostrand et al., 2011).
Furthermore, when live wells are cooled by 4°C or more,
recovery rate is reduced and mortality is imminent for
Largemouth Bass (Keretz et al., 2018; Suski et al., 2006;
VanLandeghem et al., 2010). Supercooling live wells by 12°C
or more can result in a sixfold increase in cortisol and dou-
bling of glucose levels in Largemouth Bass (VanLandeghem
et al., 2010).

In some scenarios, live-well temperatures may present a
heat shock concern for black bass. Heat shock during live-
well confinement could occur if water temperatures at the
location of capture differ from those at the epilimnion (i.e.,
fish angled in deeper and colder water) or from different loca-
tions that have different thermal regimes within a water body
(e.g., VanLandeghem et al., 2010). Ideally, live-well tempera-
tures match the temperature of the water from which the fish
were captured (Suski et al., 2006). If events are to be held
during periods of high water temperatures, cooling of the
live well by using ice may act as a potential mitigation strat-
egy. Ice for live-well use should be unchlorinated (including
chloramine), which is best achieved by freezing water from
the water body where one is fishing or by using unchlorinated
water. When the use of ice is warranted, it is important that
live-well water temperatures are not supercooled and the
water temperature is not cooled beyond more than 4°C of the
surface water temperature (Dinken et al., 2022; Keretz et al.,
2018; Sullivan et al., 2015).

Water chemistry

During live-well retention, water chemistry in the live well
must be maintained to ensure fish health and survival. As fish
recover from stressful events, like angling, metabolic wastes,
primarily ammonia (NH;), and carbon dioxide (CO,) are
excreted and can build up in live wells (Harmon, 2009; Kwak
& Henry, 1995). As these two molecules increase in concentra-
tion in the water, pH decreases (Kwak & Henry, 1995). All of
these outcomes can have negative consequences for fish health
in live wells (Kwak & Henry, 1995). Unionized ammonia lev-
els above 0.2 mg/L are toxic and can result in death; however,
these levels are unlikely to be reached during tournaments
(Suski et al., 2007). Likewise, CO, above 10 mg/L can begin to
have negative physiological effects on fish (Kates et al., 2012)
but are also unlikely to be reached during tournaments. Low
pH (<7.0) can reduce the efficiency of oxygen transport in fish
blood (Milligan & Wood, 1987) and increase the toxicity of
NH; (Thurston et al., 1981). Despite the low likelihood that
NH,, CO,, and pH will be serious issues during tournaments
(Suski et al., 2007), crowding and high temperatures in

live wells will exacerbate the rate at which toxic levels of
these compounds and pH will be reached.

Live-well management is important for maintaining appro-
priate water chemistry to ensure that fish survive to weigh-in
and are in the best condition for release. Various chemical
solutions are available to tournament anglers to handle
changes in live-well chemistry. Anglers can add commercial
water conditioners, which claim to add electrolytes (e.g.,
salts); maintain pH; and remove nitrates, ammonia, chlorine,
chlorides, and heavy metals. Packaging on some products also
claims that water conditioners will rejuvenate fish slime and
stop bleeding. In an early study, Plumb et al. (1988) found no
change in mortality for angled Largemouth Bass that were
held in live wells that contained a commercially available
water conditioner. Similarly, three different water condition-
ers did not improve the stress parameters in the blood of
Largemouth Bass relative to control fish, and postrelease loco-
motor activity was unchanged relative to controls (LaRochelle
et al., 2024). In fact, it is possible that the addition of water
conditioners can have negative effects on angled fish, as Cooke
et al. (2002) added a commercially available water condi-
tioner to holding tanks following a 30-s simulated angling
event and found that the recovery of cardiac output in
Smallmouth Bass was delayed relative to recovery in fish that
were held in ambient water. The addition of noniodized salt
has been tested to see whether it improves recovery and
reduces the mortality of tournament-caught fish (Cooke et al.,
2002; Ostrand et al., 2011). These studies suggest that the
addition of salt actually delays cardiac recovery (Cooke et al.,
2002) and does not reduce mortality (Ostrand et al., 2011).
Therefore, flushing the live well constantly with fresh water
could be all that is necessary to maintain water chemistry to
ensure fish health and low mortality during retention.

Oxygen

The link between live-well management and dissolved oxygen
levels is clear: The greater the biomass of fish, the more oxy-
gen demand there will be, and during warmer periods, the
ability of water to hold dissolved oxygen will decline and the
metabolism of recovering fish will increase (Hartley & Moring,
1993; Kwak & Henry, 1995; Suski et al., 2006). Too much
(i.e., hyperoxygenation) or low (i.e., hypoxic conditions) oxy-
gen in live wells impairs recovery and could lead to mortality
(Keretz et al., 2018; Suski et al., 2006). Hypoxic conditions are
challenging for fish in the live well because their arterial oxy-
gen pressure decreases with decreasing oxygen availability
(Furimsky et al., 2003). It is important to note that oxygen
consumption rate for black bass increases significantly with
increasing water temperatures (Beamish, 1970; Diaz et al.,
2007). The interaction of oxygen consumption with different
water temperatures is important to understand when manag-
ing live-well oxygen levels. Furthermore, black bass species
differ in their sensitivity to the availability of dissolved oxygen
and tolerance to hypoxia (Furimsky et al., 2003). Therefore, it
is important to maintain appropriate dissolved oxygen levels
in live wells while retaining black bass, and this will differ by
species and temperature.

Anglers have access to many products that improve dis-
solved oxygen levels, including portable aerators and
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oxygenation kits that consist of sensors, oxygen tanks, and
injectors. An important difference between aerators and oxy-
genation Kkits, other than cost, is that aerators draw in air
(21% 0,) and oxygenation involves using compressed 100%
pure O,. Therefore, dissolved oxygen concentrations can be
high (>20 mg/L), especially when using compressed pure O,.
Despite the promise of these systems to maintain dissolved
oxygen levels in a live well, anglers need to be cautioned
against the dangers of excessive oxygenation (supersatura-
tion) in water. The motivation for fish to “breathe” and pass
water over their gills is driven by the absence of oxygen in the
environment such that high oxygen environments will reduce
ventilation rates (Shultz et al., 2011; Smith & Jones, 1982).
Therefore, too much oxygenation, or supersaturation (e.g.,
>200% dissolved oxygen), in live wells will delay physiologi-
cal recovery relative to fish that are held at ambient oxygen-
ation, meaning that excessive dissolved oxygen levels should
be avoided (Suski et al., 2006). It is therefore recommended
that constantly refreshing live-well water with ambient fresh
water using the live-well pump can help maintain adequate
dissolved oxygen levels within the live-well water (Hartley &
Moring, 1993) with the goal of 100% dissolved oxygen levels
in the live-well water.

Barotrauma

When present in fish, barotrauma presents a complication to
anglers during black bass tournaments. Due to a lack of a
pneumatic duct connecting their esophagus to their swim
bladder, black bass are vulnerable to barotrauma symptoms
when they are caught in deep water (>6.1 m) and quickly
reeled to the surface (Carlson, 2012; Strand et al., 2005;
Twardek et al., 2018). Rapid pressure changes (from high
pressure at depth to low pressure at the surface) can result in
symptoms like exophthalmia (bulging eyes), organ eversion
through the mouth or anus, and bloating (Humborstad et al.,
2017; Rummer & Bennett, 2005; Schreer et al., 2009). While
dramatic pressure change can trigger such symptoms immedi-
ately, symptoms will worsen as fish are held for prolonged
periods at surface pressure—such as during a standard tourna-
ment format where fish are held in a live well to be weighed
at the end of the day (Jarvis & Lowe, 2008; Madden et al.,
2024).

Without mitigation from the angler, released fish that are
suffering from barotrauma will be unable to descend back to
depth and left vulnerable on the surface, often resulting in
death (I. Brown et al., 2010; Gravel & Cooke, 2008). Positive
buoyancy and other symptoms can be mitigated by either
manually removing air from the swim bladder of the fish
using a hypodermic needle (e.g., fizzing or venting; Wilde,
2009) or by using weights to descend the fish to depth and
repressurize them (Drumbhiller et al., 2014). Both can be ben-
eficial and effective for barotrauma-affected fish (Eberts &
Somers, 2017; Rudershausen et al., 2023). Other tools, such
as fin weights, have shown varying degrees of effectiveness in
barotrauma mitigation (Eberts, Butt, & Somers, 2018; Eberts,
Zak, et al., 2018; Elliott et al., 2021).

Fizzing is often favored as a rapid solution as it can be per-
formed while fish are held in the live well, halting the devel-
opment of further symptoms and allowing a recovery period

before the eventual release (Elliott et al., 2021; Gilliland
et al., 2002; Lee, 1992; Shasteen & Sheenan, 1997; Wilde,
2009). However, the invasiveness of fizzing requires practice
with some general knowledge of fish anatomy (Scyphers
et al., 2013), and there is contradicting evidence supporting
the efficacy of this method to increase postrelease survival
(Madden et al., 2024; Wilde, 2009). Shasteen and Sheenan
(1997) suggest that punctured swim bladders were functional
immediately, however this study occurred in a laboratory
lacking realism of what typically happens when fish are
released in the wild. Madden et al. (2025) suggests that punc-
ture wounds from fizzing may reduce short-term swim blad-
der function, thereby requiring anglers to release fish in a
thoughtful location with appropriate habitat (<9 m/30 ft).
Currently, Barb Elliott from B.A.S.S. provides a phenome-
nal barotrauma kit as well as training sessions on how to
properly mitigate barotrauma symptoms for all anglers that
are involved in tournaments where barotrauma could be an
issue. Black bass tournament organizations may consider pro-
viding educational workshops or guidelines on proper baro-
trauma mitigation methods prior to tournaments. Finally,
anglers should always be ready (i.e., have the appropriate
tools and knowledge) to fizz fish captured fish, especially
when targeting black bass in deep water (>6 m). The best
barotrauma mitigation method for black bass that are retained
in a live well is the use of fizzing, but it must be done properly
without further injuring the fish. Tournament anglers captur-
ing black bass that could have barotrauma (i.e., from depths
>6 m) and holding them in their live wells must be confident
in their ability to fizz fish properly. If they are unable to com-
plete the fizzing process responsibly, they might consider
avoiding catching fish from depths greater than 6 m.

Logistics and organization
Weigh-ins

The culminating event of a “traditional” black bass fishing
tournament is the weigh-in during which anglers transport
their catch to a centralized location at the end of a competi-
tion period for weighing. Both dry weigh-ins, during which
fish are placed into a dry container and weighed, and wet
weigh-ins, during which fish are weighed in a vessel of water
(Cooke et al., 2020; LaRochelle et al., 2022; Suski et al., 2004)
are standard formats that are used by tournament officials.
Some tournaments have holding tanks for anglers to place
their weigh-in bags with fish as they wait to weigh their fish.
Such water-filled holding tanks may sometimes have water
conditioners in them. Much research has focused on the nega-
tive effects of the weigh-in process postrelease of the fish, with
a focus on physiological consequences and mortality (Schramm
et al., 1987; Suski et al., 2003, 2004). However, major factors
influencing physiological stress in tournament-captured fish
begin long before the weigh-in.

Weigh-ins themselves provide further challenges. The air
exposure and subsequent bursts of physical activity derived
from a dry weigh-in format have been shown to increase lac-
tate and deplete muscle energy stores (Suski et al., 2004).
Although wet weigh-ins reduce air exposure times, they can
still facilitate hypoxic conditions via transfer and weigh-bags
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if care is not taken by anglers and organizers to regularly
monitor dissolved oxygen during all times where fish are held
in water (Killen et al., 2006; Suski et al., 2004) to avoid fur-
ther physiological stress and cumulative effects of the afore-
mentioned sublethal stressors. However, measures can be
taken to reduce these effects and may need to be species spe-
cific. For example, different precautions regarding oxygen at
the weigh-in may be warranted (i.e., in-water weigh-in,
reduced bag limits) for tournaments where Smallmouth Bass
are the primary target (i.e., Great Lakes: Elliott et al., 2025)
given that they are more sensitive to hypoxia (Furimsky et al.,
2003). Overall, the stress of black bass during the weigh-in
process can be minimized if the air exposure period and expo-
sure to hypoxic waters (e.g., holding troughs, weigh-in tanks)
are minimized. This could be achieved by reducing the time
that fish are removed from the water for pictures, reducing
the time fish spend in the weigh-in bags while queued to
weigh-in, and by ensuring that aerators are used to replenish
dissolved oxygen in weigh-in troughs.

Release location

Following the conclusion of most traditional tournaments,
anglers and organizers begin the process of returning fish to
the waterbody where they were captured. In many tourna-
ments, it is common for fish to be released at a single location
that is adjacent to the weigh-in location, such as a dock or a
boat ramp. Release in these situations can occur in a number
of ways, including anglers simply walking to the release loca-
tion after weighing and returning their fish to the water by
hand (Hay et al., 2025). This can also be facilitated with a
chute/tube that extends offshore into deeper water (Eberts,
Butt, & Somers, 2018; Eberts, Zak, et al., 2018).

The process of releasing large numbers of captured fish at a
common location can result in a number of negative conse-
quences for the released fish as well as the receiving environ-
ment. For example, the act of transporting fish away from a
capture point may remove fish from preferred habitats and
force them to inhabit suboptimal locations that can impede
growth, survival, and reproduction (Beyer et al., 2010; Ricks
& Maceina, 2008). Releasing fish into locations such as a
marina or other similar, high-traffic, public areas has the
potential to expose fish to noise, reduced water quality, or
pollution, all of which can increase stress, limit food intake,
and result in impaired growth (An, Kampbell, & Breidenbach,
2002; An, Kampbell, & Sewell, 2002; Jacobsen et al., 2014;
Sadoul & Vijayan, 2016). Furthermore, studies have shown
that large numbers of fish can remain at or near common
release points for several weeks or months (Abrams et al.,
2021; Maynard et al., 2017; Ricks & Maceina, 2008; Wilde,
2003), and this increased density of fish in a relatively small
location can result in density-dependent competition and
reduced access to prey (Ricks & Maceina, 2008). Therefore,
practices that release tournament-caught fish at a common
release location can result in negative consequences for the
fish.

To minimize the adverse effects that can occur by releasing
fish at a common point adjacent to the weigh-in location,
which might not always be suitable habitat, anglers and
organizers have a number of possible alternatives. For

example, following the weigh-in, anglers could return fish to
their live wells on their boats and distribute fish at a few loca-
tions beyond the typical release point, prioritizing areas that
are commonly known to hold fish, thereby reducing the den-
sity of fish at a single point and depositing fish in favorable
habitats. Alternatively, truck- or trailer-mounted release
tanks could be placed near the weigh-in location and fish dis-
tributed around the lake into multiple locations by driving on
roads. A similar process of distributing captured fish around
the lake can be done using a live-release boat with holding
tanks and driving around the water body. When using release
tanks, either trailer-mounted or on a live-release boat, care
must be taken to monitor water parameters such as dissolved
oxygen and temperature to avoid subjecting fish to subopti-
mal conditions that can contribute to impairment or mortality
(Suski et al., 2007).

Are black bass tournaments killing fish?

Mortality of black bass from live-release tournaments has his-
torically ranged from 0% to 50% (see meta-analysis by Wilde,
1998). However, the total level of mortalities from these types
of events has decreased (Wilde et al., 2002) and tourna-
ment-related mortalities are likely not affecting black bass
populations (e.g., Allen et al., 2004; Driscoll et al., 2007;
Sylvia et al., 2021). For the most part, the rate of mortality has
declined, but there remains some initial and delayed mortality
that still occurs following live-release tournaments. Today,
tournament-related mortalities are even lower (e.g., 1% to
6%, G. P. Edwards et al., 2004; Sylvia et al., 2021) and are
likely attributed to advances in technology (e.g., boat live-well
designs, battery technology), conservation efforts by tourna-
ment organizations (e.g., B.A.S.S. weigh-in system), increased
scientific evidence on best fish handling practices, and shifts
in social norms around conservation ethics. Unfortunately,
when things go wrong with live-well operations while fish are
being retained (e.g., battery or water pump failure) or during
the weigh-in (e.g., B1 event in July 2019 on the St. Lawrence
River; Elliott et al., 2025), mass mortality can still occur.
Moreover, warm water temperatures are almost always
involved in these mortality events (Wilde, 1998).

The change in black bass taxonomy has raised important
research needs. Typically, we have thought about black bass
fishing guidance as being germane across all black bass spe-
cies or simply split between Largemouth Bass and
Smallmouth Bass. Today, we now know that Largemouth
Bass and Florida Bass are indeed unique species that have
different environmental tolerances. Those factors need to be
considered when developing guidance for tournaments
given that there is a move toward species-specific guidelines
(Cooke & Suski, 2005). The world is also changing such that
freshwater fishes are increasingly facing conditions of
drought, high temperatures, low oxygen (i.e., hypoxia),
dynamic winter conditions (i.e., winter weirding), invasive
species, and pathogens (Harrod, 2015). How those external
drivers will influence how black bass respond to the stress of
tournaments is unclear, but we should be working collec-
tively toward optimizing catch-and-release practices so that
fish are in the best possible state to deal with those other
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challenges. What is essential is to ensure that any actions
that are proposed by anglers or tournament anglers are eval-
uated scientifically to ensure that they truly improve the
experience for fish.

Catch-weigh-release tournaments

Recently, in an attempt to alleviate some of the concerns
related to fish welfare, a new live-release tournament format
has been introduced (summarized in Cooke et al., 2020). This
new tournament format was brought forward by Major League
Fishing (MLF) in 2012 and relies on a tournament official
being present in the boat of each angler. Once a fish is cap-
tured, the official weighs the fish and it is immediately released
at the location of capture. Depending on the tournament
series, the scoring design differs. The most common design,
which was brought forward by MLF, has anglers capturing as
many fish as possible during the allotted time and the angler
with the largest cumulative weight obtained through the tour-
nament day, or days depending on the format, wins the event.
At the end of the angling period, the angler with the largest
cumulative weight obtained throughout the tournament
day(s) wins the event. Other events use total cumulative
length of fish or the weight of the largest five fish.

The catch-weigh-release tournament format is one poten-
tial solution to issues associated with live-release tourna-
ments. This format removes the aspects of highest mortality
risks in traditional live-release tournaments such as live-well
retention (e.g., live-well failure, hypoxia, crowding) and
weigh-in period (Figure 2). Furthermore, catch-weigh—
release tournaments also reduce the displacement of fish from
the location of capture (e.g., no culling or central weigh-in),
which could ensure that black bass are not removed from
their nest for a long period during the spawning period.

~~ Catch-weigh- ™ __ I
N release ./ Ca pture

The new catch-weigh-release format has been adopted by
several black bass kayak leagues and relies on photo evidence
for measuring fish. More recently, B.A.S.S.—pioneers of the
traditional tournament format since the early 1950s—also
adopted this format for their tournament events on Lake Fork
in Texas, USA, to comply with fish size retention regulations.
More regional/local tournament events appear to be embrac-
ing the catch-weigh-release approach, taking advantage of
cell phone apps that allow participants (and spectators) to
receive updates in real time on fish catches (Wegman, 2019;
see also Cooke et al., 2020). What is also promising is that
some college fishing events (the next generation of tourna-
ment anglers) are embracing catch-weigh-release formats,
which suggests that norms will continue to evolve over time.
The newly adopted tournament format can potentially pro-
vide some important improvements to fish welfare, yet there
are still some concerns that are shared between these two
different weigh-in formats (e.g., air exposure, hanging fish
vertically during weight measurement, capture during spawn-
ing period).

The adoption of alternative weigh-in methods when possi-
ble, such as the catch-weigh-release format in which black
bass are captured and officially weighed under the supervi-
sion of an onboard referee (or via photograph for smaller
organizations), has the potential to mitigate the accumulation
of these physiological stressors and increase survival rates
postrelease. However, there are some complications related
to the logistics of embracing this format. One of the more
challenging aspects of this type of tournament is the need for
an official marshal (i.e., referee) to be in each boat to ensure
accuracy of scoring and reducing the possibility of cheating.
This hurdle is less likely to occur at the professional level but
may be a considerable feat for small club-like tournament
events. A potential solution to this issue could be the use of
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Figure 2 Flow diagram of what occurs during a live-release black bass tournament for both a traditional live-well-retention tournament and a
catch-weigh-release tournament. The order of steps for the catch-weigh-release tournament is filled with the light gray and the traditional
live-well-retention tournament with a central weigh-in is filled with a light blue.
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cameras mounted on each boat that provides a live stream,
and anglers would have to abide by specific rules that would
need to be followed for each catch to count for scoring. For
example, the rules could specify that all catches must be cap-
tured on camera, the scale is zeroed and shown to the camera
prior to weighing the fish, the weighing process is recorded
on the live feed, and the release of that fish could be recorded.
Essentially, each step would be recorded, allowing for the
anglers to be held accountable. Additionally, the scales to be
used by all competitors should be calibrated and have the
ability to continuously record the weights on the scales for
the duration of the day. This would ensure that the weights
that are entered can be further validated. Finally, the catch—
weigh-release format would essentially remove the potential
for community engagement at the weigh-in. However, com-
munity engagement could still be achieved by tournament
organizations creating a “command hub” area, with screens
where live streams are shared for the community to congre-
gate and watch. These are some of the potential reasons that
the catch-weigh-release format is not being adopted
fully, yet.

Conclusion

Conservation considerations in black bass tournaments have
advanced significantly over the past several decades. Just like
Ray Scott (B.A.S.S. founder) did when changing tournaments
from a catch—kill format to a catch-and-release format, current
tournament organizations must be willing to change how they
operate if black bass tournaments become a threat to black
bass populations. Current initiatives to ensure the conserva-
tion of fisheries from the top tournament organizations (MLF
and B.A.S.S.) are not completely coherent with current sci-
ence-based evidence and need to be updated (Keeping Bass
Alive; see Table 1). What is interesting is that the Keeping Bass
Alive (i.e., Gilliland & Schramm, 2009; Gilliland et al., 2002)
information guide provides suggestions that are not followed
by the top angling series in the B.A.S.S. organization (Table 1;
e.g., allowing the use of nets). Changing tournament logistics
to reflect science-based evidence would improve fish welfare.
This is especially important given that the “average angler”
tends to model their behavior after that of fisheries profession-
als and social media celebrities (e.g., YouTubers). Furthermore,
social media outlets are a great way for professionals and
media celebrities to share and educate anglers on good sci-
ence-based practices.

Social norms among black bass tournament anglers should
move away from abiding by best fish handling practices that
are not supported by scientific evidence (Danylchuk et al.,
2018). If operated properly and water conditions are appro-
priate, live wells can actually help with recovery of black bass
(LaRochelle et al., 2022, 2024; Suski et al., 2006). There are
several practices that are related to live-well management
that are suggested by anglers and the angling industry that
are not scientifically tested or supported by current scientific
evidence (beyond claims made by manufactures—especially
related to various live-well additives). Innovations that pro-
mote fish welfare are important; however, it is essential that
these innovations are scientifically tested before being pro-
moted and embraced.

The B.A.S.S. organization has created a conservation branch
that has undoubtedly improved the welfare and conservation
of black bass during live-release tournaments. This organiza-
tion is the driving force behind the current guides (i.e.,
Keeping Bass Alive; Gilliland & Schramm, 2009; Gilliland
et al., 2002) that are used by tournament anglers for fish wel-
fare, but it omits some of the bigger logistical issues.
Collaboration between scientists, regulators, and tournament
organizers is needed to ensure that tournament procedures
truly benefit fish. Tournament organizations could provide
monetary or in-kind support and resources for research when
anglers are suggesting and promoting fish-handling tech-
niques that have not been scientifically tested. For example,
just like some companies devote 1% of their profits to the
planet, imagine what would be possible if every tournament
dedicated some of their pot for black bass science and conser-
vation. Ultimately, black bass tournaments can only thrive
and occur if the ecosystem they visit has a strong population
of black bass. Without a strong population, this sport would
not exist, and therefore, it is in the best interest of all involved,
from the anglers to the agencies providing tournament per-
mits to the tournament organizations, to have the best prac-
tices for the fish that are based on scientific evidence.

Black bass tournament formats and regulations have con-
stantly evolved throughout the history of their existence.
Tournament organizations should remain open to format and
regulation changes based on scientific evidence and evolving
social norms. Anglers should also be more open to learning
and follow science-based best fish-handling practices. As
anthropogenic development and climate change threatens
our aquatic ecosystems in new ways (e.g., extreme heat
waves), reducing tournament-related sublethal effects on
individual fish may be important for the future of our black
bass fisheries. Without sustainable black bass populations,
tournament fishing for black bass will no longer exist, empha-
sizing the obvious imperative for embracing change that
is focused on fish welfare.

Tournament organizations could consider reducing the
number of fish that anglers are allowed to retain in their
live well during a tournament day. Most tournaments allow a
maximum of five fish per angler or team per day. Alternatively,
when water temperatures are extreme or fish are spawning,
tournament organizations may consider reducing the number
of black bass that are allowed to be retained to three or four
per day (e.g., Canadian Sport Fishing League—2025 Sturgeon
Lake Wildcard event; BaitFuel Fishing Tour-Thousand Island
Open). Reducing the number of fish in the live well not only
reduces the crowding of fish while retained but also reduces
the number of individuals that are using the limited oxygen
available in the warm live-well water (Hartley & Moring,
1993). For example, this is especially relevant for tourna-
ments on the Great Lakes, and other bodies of water, where
anglers specifically target Smallmouth Bass that are less toler-
ant of low oxygen (Elliott et al., 2025; Furimsky et al., 2003).
Reducing the number of fish that can be retained in the
live well when water temperatures are extreme could reduce
the number of fish that could be at risk of mortality.
Additionally, tournament organizations could provide anglers
with the opportunity to weigh fish in at any point during the
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Table 1 Critical assessment of the current Keeping Bass Alive (Gilliland & Schramm, 2009) document and comparison of the statements with

the current scientific evidence.

Keeping Bass Alive section

Scientifically supported

Example references

Slime coat

Avoid boat flipping
fish touch the carpet).

Landing net

Hold fish by lower jaw

without body support can be damaging.
Hook removal

Removal of all hooks

Use of hemostat or pliers

Hook-reversal technique
and mortality.

Air exposure

Duration Minimize air exposure as much as possible.
Culling

Cull tags Avoid cull tags that go through the gills.

Live-well management

Injury

Avoid contact with rough surfaces (i.e., avoid letting

Helps reduce fight time and excessive exhaustion. Use
rubber nets to avoid fin and epithelial damage.

Vertically hanging large fish by hand or with grips

Removing deep hooks increases chances of
mortality. Cut the line of deeply hooked fish.

Pliers or hemostat can reduce unhooking duration
but can cause more tearing damage.

This method causes excessive bleeding, gill damage,

Injury is caused from being retained in the live well.
Padding can help reduce injury while

Cooke and Hogle, 2000; Colotelo
and Cooke, 2011

LaRochelle et al., 2023; Lizée et al.,
2018

Danylchuk et al., 2008; Skaggs et
al., 2017

Cooke and Danylchuk, 2020; Fobert
et al., 2009

Cooke et al., 2021; Vermaire et al.,
2025

Cooke et al., 2022

Cook et al., 2015; White et al., 2008

Chong et al., 2021; Cooke and
Hogle, 2000; Kamara et al., 2024

Brooke et al., 2019; Maynard et al.,
2013

being retained and transported.

Oxygen levels

saturation.
Recirculation No studies have assessed this.
Aerators No studies have assessed this.

Water temperature (use

of ice) from capture temperature.

Chemical additives
retention stress.

Try to keep water at 100% dissolved oxygen

Do not reduce water temperature more than 5°C

Chemical additives do not help recovery or reduce

Carmichael et al., 1984; Suski et al.,
2006

No scientific evidence
No scientific evidence

Dinken et al., 2022; VanLandeghem
et al., 2010

Cooke et al., 2002; LaRochelle
et al., 2024; Plumb et al., 1988

day to help reduce the total retention time. This would allow
anglers to bring fish to the weigh-in at any point in the day to
avoid unnecessarily long retention times when water temper-
atures are elevated. Relatedly, if water temperatures are high
(e.g., an increasingly normal summer reality), central
weigh-in black bass tournaments may need to be restricted
through voluntary actions of tournament officials or by gov-
ernment authorities. For nontournament anglers, avoiding
holding fish in the live well for an end-of-the-day picture
when the water temperature is warm could also be consid-
ered. Ideally, a shift in the social norm for black bass tourna-
ments would occur. The new norm and paradigm shift, which
is not something new for black bass tournaments (e.g., shift

from catch-and-kill to live-release tournaments in the 1970s),
could consider pausing central weigh-in tournaments during
warming water temperatures and opt to use catch-weigh—
release formats during these periods.

Black bass tournaments may consider not holding tourna-
ments before and during the spawning period. Tournament
organizations could be more diligent when planning their
schedule to avoid holding tournaments on water bodies when
they suspect black bass are about to spawn or are going to be
spawning. Retaining fish for central weigh-ins adds many
more logistical steps (e.g., coordination of live-release boats)
and opens more possibilities for challenges that can poten-
tially have negative effects on individual black bass and the
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population. Of the most concern is the transport of fish that
lay eggs, which are subjected to a stress event (live-well
retention) and are now removed from the area where they
were going to spawn. Because tournament anglers are target-
ing the largest black bass in the aquatic system, larger, more
fecund fish are more prone to being brought to the weigh-in.
This is concerning for egg-bearing females that are being
transported several kilometers away from where they were
getting ready to spawn, potentially reducing their chances of
successful reproduction. Furthermore, the stress of live-well
retention for egg-bearing females can have negative effects on
the brood (e.g., smaller juveniles; Ostrand et al., 2004). If
tournament dates happen to align with the prespawn or
spawning period of black bass, a shift to the catch-weigh—
release format should be strongly considered by the tourna-
ment organization.

Beyond anglers, organizations, and regulators, boat manu-
facturing companies are in a strong position to push new ini-
tiatives for fish conservation by implementing water quality
sensors in their live wells. Incorporating water temperature
and dissolved oxygen sensor could be beneficial for allowing
anglers to manage their live wells properly. The caveat to this
would be that anglers would need to be educated on how to
use such a system properly and how to mitigate potential
harmful conditions in the live well. Of course, these sensors
would need to be calibrated, but having real-time data on
what is happening with the water in the live well could be
important for fish welfare overall. One could even envision a
future where that information is transmitted live to the tour-
nament organizer, with penalties levied for participants if
their live-well environmental conditions exceed predeter-
mined thresholds.

Future research

There is currently a gap in knowledge on the ideal live-well
retention methods for different black bass species across their
geographic range. For example, research on oxygen require-
ments and upper thermal temperature limits for Largemouth
Bass in their southern limit may not be applicable for
Largemouth Bass in northern climates. This also holds true for
Smallmouth Bass. More research is needed to bolster the evi-
dence on oxygen requirement and upper temperature thresh-
olds across species and geographical locations. In general,
there have been relatively few science-based innovations in
live-well design (although, see Brooke & Tufts, 2012, for an
example of a padded live-well patent).

Social science could play a major role in understanding the
view of the public on live-release black bass tournaments.
Such studies could provide valuable information around the
basis for negative perceptions surrounding the sport in cer-
tain regions or on specific water bodies. Social studies could
provide anglers or organizers with information on drivers
underlying negative perceptions and thus guide where reform
is needed. Further, social science could be used to analyze the
hesitancy surrounding the adoption of catch-weigh-release
tournaments. Understanding the reasons why these practices
are challenging or ways to adopt them more holistically may
be a good first step to overcoming some of the issues

surrounding the adoption of catch-weigh-release tourna-
ments. That would seem a profitable research direction given
that the use of catch-weigh-release tournaments addresses
many of the issues that affect fish welfare during black bass
tournaments (Cooke et al., 2020).

We also acknowledge that the primary domain of the fish-
eries managers is the population (Corsi, Quist, et al., 2025),
whereas much of the research on black bass tournaments is
focused on the individual and related welfare issues. Of
course, issues at the individual level can scale up to affect
populations (Cooke et al., 2025). There remains a gap between
research that focuses on individual fish (welfare) and research
that focuses on population-level processes such that there is
need for more holistic research (Corsi, Cooke, et al., 2025).
There is need for more ecologically relevant empirical
research and modeling to fully understand the contexts in
which black bass tournaments may contribute to issues that
extend beyond individual welfare and influence the
population.
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