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1  |  INTRODUC TION

Recreational catch-and-release (C&R) fishing is a pastime enjoyed 
globally with growing participation that generates significant socio-
economic benefits (Arlinghaus et al., 2015; Arlinghaus et al., 2021). 
Angler motivation behind releasing captured fish is often due to 
their conservation ethic or to comply with fishing regulations (Cooke 
& Schramm,  2007). Fisheries can benefit from C&R as a manage-
ment tool, but fish must survive the angling interaction (i.e. no 
post-release mortality) and released fish must suffer no negative 
consequences to their fitness (Arlinghaus et al., 2007; Bartholomew 
& Bohnsack,  2005). Nonetheless, much effort is devoted to re-
ducing mortality and sublethal consequences. Best management 
practices and fish handling practices have been developed to guide 
anglers on proper gear selection, fish handling and general steward-
ship to help minimise mortality from C&R angling (Brownscombe 
et al., 2017; Cooke & Suski, 2005; Elmer et al., 2017). One aspect of 
C&R events that has been particularly well studied is air exposure 
(Cook et al., 2015).

Air exposure is often the most challenging aspect of a C&R event 
for fish (Cook et al., 2015; Cooke & Suski, 2005). Fish exposed to air 
are no longer able to uptake oxygen from their surrounding environ-
ment due to collapse of their gill lamellae (Ferguson & Tufts, 1992). 
Air-exposed fish experience multiple changes, such as lowered heart 
rate, elevated cortisol levels, decrease in blood pH, and ion imbal-
ances, the severity of which depends on the duration of air exposure 
(Cook et al., 2015; Ferguson & Tufts, 1992). Physiological alterations 
arising from air exposure can contribute to reflex impairments 
(e.g. loss of equilibrium and inability to burst swim; Davis,  2007; 
Brownscombe et al., 2015), which indicates that fish are exhausted 
(Davis, 2010). Fish with reflex impairments arising from air exposure 
and other aspects of fishery interactions tend to exhibit behavioural 
alterations (Brownscombe et al.,  2013, McLean et al.,  2020; Raby 
et al., 2014). Reflex impairments are predictive of the long-term fate 
or mortality of fish (Davis, 2010; Humborstad et al., 2009; Morfin 
et al., 2019).

The body of work assessing effects of fisheries-related air ex-
posure has focused largely on documenting effects of different 
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Abstract
We quantified effects of wind speed and sunlight on Smallmouth Bass (Micropterus do-
lomieu), a popular gamefish in North America, after catch-and-release (C&R) (n = 90) 
during August for various periods (0, 10, 30 and 90 s) in direct sunlight or shaded from 
direct sunlight. We evaluated change in skin temperature and reflex action mortality 
predictor (RAMP) scores. Changes in skin temperature were larger with increasing 
wind speeds and air exposure duration. Light intensity had no effect on skin tempera-
ture or RAMP. Generally, skin temperature decreased (i.e. colder) when wind speed 
exceeded ~5 km/h and increased (i.e. warmer) when wind speed was below ~5 km/h. 
Significantly, lower RAMP scores were associated with longer air exposure. Generally, 
Smallmouth Bass exposed to air for longer than 10 s were significantly more impaired 
prior to release. We recommend anglers reduce the time that large fish are exposed 
to air to reduce immediate reflex impairment.
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air exposure durations, with little effort to understand how dif-
ferent environmental conditions during air exposure influence 
outcomes for fish. One study revealed that skin temperature was 
positively related to windchill for Largemouth Bass angled in winter 
(LaRochelle et al., 2021). Sunlight also causes an increase in body 
and skin temperatures of ectotherms (such as herptiles) exposed 
to the sun while basking in air (Boyer, 1965; Porter & Gates, 1969; 
Hertz, 1992). Such research is lacking for fish, although presumably 
fish in direct sunlight during air exposure may also experience sim-
ilar effects. In water, sun-basking fish achieve body temperatures 
higher than ambient water conditions (Nordahl et al., 2018), thereby 
demonstrating that such changes are likely in air. Furthermore, if air 
exposure periods for fish (i.e. duration thresholds) are regulated, 
best management practices must also consider environmental con-
ditions during air exposure periods as environmental factors during 
air exposure events could exacerbate negative effects on welfare 
of released fish.

Using Smallmouth Bass (Micropterus dolomieu), a popular recre-
ational sportfish as a model (Quinn & Paukert, 2009), we evaluated 
effects of wind speed and light intensity during air exposure on skin 
temperature and reflex impairment of angled Smallmouth Bass. We 
anticipated that Smallmouth Bass exposed to sunlight (with greater 
light intensity) would have warmer skin temperatures than those 
exposed to lower light intensity. Additionally, we expected that 
Smallmouth Bass exposed to higher wind speed would experience 
a greater change in skin temperature than fish not exposed to air 
(Ortega et al.,  2017; Stevenson,  1985). Fisheries managers will be 
able to use information gained from this study to further inform best 
management practices for fish handling and thereby allow them to 
create practices that maximise fish welfare by implementing regula-
tions or recommendations that are based on thresholds for air expo-
sure periods over a range of environmental conditions.

2  |  METHODS AND MATERIAL S

2.1  |  Fish capture

Smallmouth Bass were captured during 15–19 August 2021 from Big 
Rideau Lake, Ontario, Canada (44°44′59.9 N, 76°13′60.0 W). Where 
Smallmouth Bass were captured, surface water temperatures ranged 
26–27°C and wind speeds ranged 0–15 km/h (mean  =  7  km/h). 
All fish were captured using 213 cm medium action fishing rods 
equipped with 4.5–9.0 kg braided fishing line. Smallmouth Bass were 
captured using Ned rigs, drop shots, spy baits and jerk-baits. Once 
a fish was landed, the hook was removed (standardised to 10 s), and 
the fish was immediately placed into a water-filled trough with fresh 
lake water that was added to the trough using bucketed surface 
water. Smallmouth Bass were then measured in total length (mm) 
and tagged with an anchor tag. The period spent in the water-filled 
trough was standardised to 5 s. Deeply hooked fish were removed 
from the study to reduce possible effects of deep hooking on reflex 
impairment.

Once the Smallmouth Bass was removed from the trough, the 
skin temperature was immediately recorded from between the pec-
toral and caudal fins using an infrared temperature meter (±1°C, 
AstroAl), which was standardised to 2 s of air exposure prior to start-
ing treatments. Following the initial skin temperature measurement, 
fish were air exposed for a duration corresponding to the selected 
treatment. During air exposure, light intensity (lux; accuracy ±5% 
lux, Dr.meter, LX1330B, Union City, California) was measured from 
directly beside the fish. The maximum wind speed (km/h) was mea-
sured using a portable weather station (wind speed ±5%, Hold Peak, 
Zhuhai, China) for the duration of the treatment.

2.2  |  Treatments

Smallmouth Bass were exposed to air for one of four durations, 0, 
10, 30 or 90 s, assigned in a rotational pattern to ensure randomness 
of data collection. Duration times were chosen to cover the range 
of time an average angler uses to release a fish back into the water 
with common practices (Gingerich et al., 2007). Besides the control 
group (0  seconds), each of the time groups were divided into two 
subgroups, one in direct sunlight for the duration of air exposure and 
the other shaded beneath a piece of cardboard.

2.3  |  Reflex assessment

Following air exposure, skin temperature was measured again, and 
the fish was then immediately placed into a livewell (95 litres) with 
fresh ambient lake water to assess and score reflex action mortal-
ity predictors (RAMP; Davis, 2010). Ventilation, fin erection, equi-
librium, tail grab and the bite reflex were used to test impairment 
of each fish (Raby et al., 2012). RAMP tests were performed in the 
same order for all fish. Fish that passed a reflex test (i.e. showed a 
response) were assigned a score of 1, for a total of 5 points, whereas 
response failure was assigned a score of 0 for that reflex (see 
Davis, 2010; Raby et al., 2012). Ventilation was scored positive if the 
opercula opened and closed in a rhythmic manner. Fin erection was 
scored positive if the spiny dorsal fin was erected when the fish was 
held in water. Equilibrium was scored positive if a fish returned to an 
upright position (i.e. ventral side down) within 3 s after being turned 
upside down (i.e. ventral side up). Tail grab was scored positive if a 
fish attempted to escape the grasp of its caudal peduncle. Bite reflex 
was scored positive if a fish closed its jaw within 2 s after inserting a 
finger into its mouth.

2.4  |  Data analysis

Analyses used R Studio (version 1.4.1717) running R (4.1.1). Fish 
length was tested as a potential covariate in each model. A one-way 
ANOVA was used to test for differences in fish length, wind speed 
and light intensity among treatments (aov function). A linear model 
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was fit with change in skin temperature (∆Skin) as the response vari-
able and treatment, wind speed and light intensity as predictor vari-
ables (lm function). This model was then analysed with an ANOVA to 
explore which predictor variables significantly influenced skin tem-
perature. The change in skin temperature (∆Skin) was calculated by 
subtracting the skin temperature before air exposure from the skin 
temperature after air exposure. Due to a lack of significant relation-
ship between light intensity and delta skin temperature model (see 
results below), fish from light versus shade treatment were aggre-
gated into single groups for air exposure durations (4 treatments—
control, 10, 30 and 90 s). A one-way ANOVA was fit with the direction 
of the skin temperature change as the response variable and wind 

speed as the predictor variable to determine whether wind speed 
influenced the direction of skin temperature change. A general linear 
mixed model was used with RAMP as the response variable and air 
exposure duration, ∆skin and fish length as predictors (glm [gauss-
ian] function). Wind speed covaries with ∆skin, so was not included 
in this model. Significant predictor variables were compared using 
a Dunnet post hoc test (glht function). Statistical significance was 
assessed at α = 0.05.

3  |  RESULTS

3.1  |  Fish metrics

Ninety Smallmouth Bass (mean ± (SD) total length (TL) = 318 ± 52 mm, 
250–450 mm range) were caught, measured and each subjected to a 
treatment (Table 1). Smallmouth Bass length (F86,3 = 0.189, p = 0.903) 
and light intensity (F81,3  =  1.981, p  =  0.123) did not differ signifi-
cantly among exposure periods (treatments). However, wind speed 
differed significantly between exposure periods (F86,3  =  3.233, 
p = 0.026). Smallmouth Bass that were removed from the water for 
90 s experienced significantly greater wind speed than the control 
group (t3,1 = 2.502, p = 0.035).

TA B L E  1  Number, mean length and length range of Smallmouth 
Bass (Micropterus dolomieu) groups exposed to different durations 
of air exposure (treatments)

Treatment n
Mean 
(mm) ± SD

Smallest 
(mm)

Longest 
(mm)

Control 13 316 ± 54 255 421

10-s Air exposure 25 324 ± 59 256 450

30-s Air exposure 26 313 ± 49 262 402

90-s Air exposure 26 315 ± 47 270 448

F I G U R E  1  Linear relationship 
between change in skin temperature of 
Smallmouth Bass (Micropterus dolomieu) 
and wind speed (y = −0.174 + 0.181x). 
The r value represents the correlation 
coefficient between wind speed and skin 
temperature change
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3.2  |  Skin temperature

Change in skin temperature (∆skin) of Smallmouth Bass was sig-
nificantly influenced by wind speed (F78,1  =  18.924 p < 0.001, 
r2  =  0.39). Larger changes in skin temperature were associated 
with higher wind speeds (Figure  1). Smallmouth Bass length was 
not significantly related to ∆skin (F78,1 = 0.02, p = 0.887, r2 = 0.39). 
Furthermore, light intensity was not significantly related to ∆skin 
(F78,1 = 0.706, p = 0.403). Air exposure duration did not significantly 
influence ∆skin (F78,1 = 10.05, p < 0.001). Change in skin tempera-
ture (∆skin) differed significantly between the control group and 
10-s (t3,1 = 2.403, p = 0.044), 30-s (t3,1 = 2.479, p = 0.037) and 90-s 
(t3,1 = 3.951, p < 0.001; Figure 2) exposure groups. The direction of 
skin temperature change was significantly influenced by wind speed 
(F74,2 = 48.924 p < 0.023). Skin temperature significantly decreased 
when exposed to higher wind speeds (t3,1 = −4.025, p < 0.001), and 
skin temperature increased (i.e. warmer) when wind was minimal 
(Figure 3).

3.3  |  RAMP scores

The ∆skin of Smallmouth Bass was not significantly related to their 
RAMP score (t84,1  =  −0.664, p  =  0.509). Smallmouth Bass length 

was significantly related to a decline of RAMP scores (t84,1 = −3.159, 
p = 0.002), with larger fish having lower RAMP scores (i.e. more im-
pairment). Air exposure duration significantly affected RAMP score 
(Figure 4). Fish that were air exposed for 10 s did not significantly dif-
fer from those in the control group (z = −1.656, p = 0.203). However, 
Smallmouth Bass that were air exposed for 30 s (z  =  −3.097, 
p = 0.005) and 90 s (z = −2.912, p = 0.009) had significantly lower 
ramp scores than the control group.

4  |  DISCUSSION

Change in skin temperature was similar for small and large 
Smallmouth Bass, unlike an earlier study that found a negative re-
lationship between skin temperature and size of Largemouth Bass 
in winter (LaRochelle et al.,  2021). Differences may be due to the 
subfreezing temperature in the previous study, which exacerbated 
effects of windchill on body temperature. The change in skin tem-
perature of Smallmouth Bass we found during air exposure was 
influenced by wind speed, like previously for Largemouth Bass 
(LaRochelle et al., 2021), which suggests that wind speed influenced 
skin temperature change when exposed to air. The amount of air 
passing over an ectotherm's skin increases with wind speed, thereby 
leading to water loss and subsequent temperature decline as water 

F I G U R E  2  Change in skin temperature 
(∆skin) of Smallmouth Bass (Micropterus 
dolomieu) exposed to different durations 
of air exposure (s). Asterisks represent 
significant differences between treatment 
and control groups (0 s of air exposure)
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F I G U R E  3  Direction of skin 
temperature change (i.e. lost heat 
or gained heat) of Smallmouth Bass 
(Micropterus dolomieu) exposed to air for 
10, 30 or 90 s in relation to wind speed. 
Asterisks represent significant differences

F I G U R E  4  Reflex action mortality 
predictor (RAMP) scores of Smallmouth 
Bass (Micropterus dolomieu) exposed 
to different durations of air exposure. 
Asterisks represent significant differences 
in RAMP score for respective air exposure 
durations compared with the control 
treatment (0 s)
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no longer insulates heat (Winne et al., 2001). Similarly, our study in-
dicated that wind speeds greater than ~5 km/h reduced skin tem-
perature of fish, whereas skin temperature tended to increase when 
wind speeds were below ~5 km/h. Further research is needed to de-
termine whether dryness of a fish's skin influences the change in skin 
temperature. Light intensity from the sun did not significantly influ-
ence skin temperature over short periods of exposure to air. In con-
trast, light intensity influenced body temperature of basking turtles 
over periods much longer than we studied (Porter & Gates, 1969).

Humidity would likely play an important role in skin tempera-
ture change, which could also influence how light intensity influ-
ences skin temperature of fish. In our study, cardboard held above 
fish for shade may have inadvertently redirected some wind flow 
back onto the fish, thereby increasing the maximum wind speed and 
decreasing fish skin temperature more than for fish not shaded by 
cardboard. Although our study was only over a period of 4 days in 
August, weather conditions were representative of typical summer 
conditions in which Smallmouth Bass are captured and exposed to 
air by angling in their native range. Few studies have previously in-
vestigated the influence of environment factors on fish during air 
exposure, so any new knowledge is valuable for anglers to maximise 
welfare of released fish. Therefore, we suggest further study that in-
corporates more weather conditions over more seasons (i.e. spring, 
summer, fall and winter) to determine the combined influence of 
windchill, humidity, wind speed and light intensity on skin tempera-
ture change and reflex impairment of fish prior to release. Best man-
agement practices should aim to inform anglers to minimise handling 
times and air exposure duration when winds are elevated, because 
wind reduces skin temperature of fish that influences post-release 
behaviour of fish (LaRochelle et al., 2021). Further research should 
also investigate the influence of increased skin temperature on fish.

We found that reflex impairment of larger Smallmouth Bass was 
greater than for smaller fish, perhaps because smaller fish are eas-
ier to handle and unhook than larger fish (Gould & Grace,  2009). 
Duration of air exposure is directly associated with physiological 
impairments and delayed mortality (Cook et al., 2015; Davis, 2005; 
Davis & Ottmar,  2006). We found that air exposure duration was 
inversely related to reflex impairments, with both 30-s and 90-s 
groups more impaired than the control group. Insignificance of the 
10-s group could be that Smallmouth Bass can tolerate brief air 
exposures without major impairment. Limited air exposure is sup-
ported by findings of previous studies (Brownscombe et al., 2017) 
and best C&R practices (i.e. Keep-Fish-Wet). In trophy fisheries, fish 
with large bodies are often caught and handled, so fisheries manag-
ers should consider size-specific regulations that deter anglers from 
removing fish from the water, to avoid size-specific reflex impair-
ments and increased air exposure periods associated with longer 
handling of larger fish that is also related to increased impairment.

Future studies should examine physiological changes asso-
ciated with skin temperature change when exposed to elevated 
wind speeds and windchill over a wide range of temperatures 
(i.e. subfreezing temperatures and extreme warm temperatures). 
Furthermore, development of a best practice or a device to shelter 

fish from wind while exposed to air may also increase survival. Our 
results suggest that skin temperature change is influenced by wind 
speed experienced during air exposure, where greater wind speeds 
reduce skin temperature and lower wind speeds increase skin 
temperature of Smallmouth Bass in the warm season of the year. 
Furthermore, larger fish tend to have greater immediate reflex im-
pairments, with Smallmouth Bass held out of the water for greater 
than 10  s having significantly more impairment. Education efforts 
should encourage anglers to return larger fish to the water as fast 
as possible to avoid reflex impairment. Furthermore, anglers should 
also attempt to shelter fish from wind when removed from the water 
(i.e. unhooking, measuring and photographing) to mitigate change in 
skin temperature.
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