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1  |  INTRODUC TION

Climate change models predict large reductions in salmonid occu-
pancy of flowing waters during the 21st century as some streams 
become too warm to support cold- water fish populations (Filipe 
et al., 2013; Isaak, Muhlfeld, et al., 2012; Isaak, Wollrab, et al., 2012). 
In addition to restricting the ability of cold- water species, such as 
salmonids, to occupy warmer sections of streams, elevated stream 
temperature will also likely impact their ability to tolerate and recover 
from human- induced stressors (reviewed in McCullough et al., 2009). 
One stressful event to which salmonids are commonly exposed is 
human handling when they are caught and released by anglers.

Catch- and- release angling in recent decades has become 
popular among all types of anglers, especially trout anglers 
(Policansky, 2002, 2008). While catch- and- release angling, whether 

voluntary or mandatory, can be effective in limiting fishing- related 
mortality in recreational fisheries (e.g. Mallet & Thurow, 2022), not 
all fish released by anglers survive (High & Meyer, 2014; Hunsaker 
et al., 1970; Schisler & Bergersen, 1996). In general, the level of fish-
ing mortality caused by anglers during catch- and- release is directly 
related to physical injury and stress level a fish experiences while 
being hooked, landed and handled prior to release (reviewed by 
Muoneke & Childress, 1994, and Bartholomew & Bohnsack, 2005). 
Some stress factors, such as fight and air exposure times during land-
ing and releasing (Lamansky Jr. & Meyer, 2016; Roth et al., 2018), 
and terminal tackle used (Schisler & Bergersen, 1996; High & 
Meyer, 2014) are within the control of anglers. Other factors, such 
as the water temperature that fish experience while being hooked 
and landed, cannot be controlled by anglers unless they cease fish-
ing when the temperature is elevated.
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Abstract
The concern is growing that angling may need to cease at elevated summer water 
temperatures to protect salmonid populations. Cutthroat Trout Oncorhynchus clarkii 
in streams were caught, marked and released using artificial dry flies at temperatures 
from 13.5 to 25.7°C to evaluate whether subsequent recapture with backpack elec-
trofishing (an index of relative survival) was reduced when the water temperature was 
elevated at the time of landing, and to evaluate the effect of water temperature on an-
gler catch rates. The electrofishing recapture rate of marked fish (i.e. relative survival) 
declined as water temperature increased, from 0.58 for fish landed at <21°C to 0.35 
at 21– 23°C and 0.17 at >23°C. However, angler catch declined similarly as water tem-
perature increased, from 5.2 fish/h at <21°C to 4.1 fish/h at 21– 23°C and 1.2 fish/h 
at >23°C. After accounting for both declines, fish mortality/angler might be higher at 
cooler water temperatures than at warmer temperatures. Therefore, inhibiting fishing 
at elevated water temperatures may not benefit trout populations any more than at 
cooler temperatures.

K E Y W O R D
hoot owl regulations 
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Temperature- related angling restrictions on trout and salmon in 
North America (colloquially termed “hoot owl regulations”) have been 
implemented in some Canadian provinces (Dempson et al., 2001) 
and some U.S. states (Boyd et al., 2010), and have been considered 
in Europe (Pinder et al., 2019). A study in Montana, USA, found that 
angling on days in which maximum water temperature was ≥23°C 
resulted in 13% mortality on rainbow trout (Oncorhynchus mykiss) 
and 3% mortality on brown trout (Salmo trutta), which were caught 
and held in sentinel cages for 3 days, compared to zero mortality 
on both species caught and held on days in which maximum water 
temperature never exceeded 20°C (Boyd et al., 2010). However, the 
differential mortality of free- ranging trout relative to water tem-
perature at the time of capture has not been investigated. Moreover, 
angler catch rates for stream- dwelling salmonids may decline at 
higher water temperatures (McMichael & Kaya, 1991; Van Leeuwen 
et al., 2021), thereby dampening the effect of elevated water tem-
perature on lotic fish populations by reducing the number of fish 
landed by anglers when temperatures are warmer. Our objective 
was to determine if elevated water temperature affected angler 
catch rates and catch- and- release mortality in stream- dwelling trout 
populations.

2  |  METHODS

Our study was in four streams in Eastern Idaho, USA, each with sum-
mer water temperatures that were relatively high but that nonethe-
less maintained relatively abundant populations of stream- resident 
trout, primarily cutthroat trout (O. clarkii). Stream reaches where 
angling occurred were 1.0– 1.5 km in length, 3– 11 meters in wet-
ted width, 0.6%– 1.9% gradient, and 1780– 1900 meters in elevation 
(Table 1). Angling regulations prohibited the harvest of cutthroat 
trout in all study streams.

Angling occurred from July 27 to August 12, 2020, during 
some of the warmest days of the year. The angling method was 
standardised across all four anglers involved in the study. Anglers 
generally fished from about 0900 to 1800 h each day as water tem-
peratures increased from an overnight low towards a late- afternoon 
daily peak (Figure 1). One or two anglers fished each reach over part 
or all of any given day, and each reach was fished 1– 3 times over the 
course of the study. Anglers recorded their start and end times for 

each period of angling, and time recording was halted throughout 
the day for any nontrivial interruptions in angling effort (e.g. lunch 
break). Anglers used 4-  or 5- weight fly rods and size 10– 14 artificial 
dry flies to capture fish, and a landing net was used to minimise han-
dling stress.

For each fish caught, species were recorded and the total length 
(TL = cm) was measured in the net underwater using a tape measure. 
Nearly all fish landed were cutthroat trout. Brook trout (Salvelinus 
fontinalis) were not included in the survival analysis because only 
a few were landed (n = 5), and the survival of caught- and- released 
salmonids at elevated temperatures differs among species (Boyd 
et al., 2010). The time of capture was recorded, and water tem-
perature at the time of capture was measured in the thalweg with 
a digital thermometer. Fight time was minimised to the extent pos-
sible but was not recorded explicitly. Landed fish were tagged with 
an individually numbered anchor tag inserted just below the base 
of the dorsal fin following standard procedures (Guy et al., 1996). 
We assumed that tagging mortality was inconsequential (Meyer & 
Schill, 2014). An adipose fin clip was used to determine if anchor 
tags were shed prior to recapture. No fish were landed by anglers 
more than once. Fish were released at the point of capture, with no 
air exposure during the catch- and- release process.

Post- release survival was evaluated by recapturing tagged fish 
on August 25– 27, 2020, using a single- backpack electrofishing pass 
through each stream reach where angling occurred. Electrofishers 
were set at 60 Hz, 25% duty cycle and enough volts to emit about 
100 watts of average power output, which is efficient for capturing 
stream- dwelling salmonids (Meyer et al., 2021). Captured fish were 
identified to species, examined for anchor tags and adipose fin clips 
(no recaptured fish lost their tag), measured in total length (TL = cm) 
and released. The recapture probability of fish landed by anglers was 
not estimated because only one electrofishing pass was conducted 
but was clearly not 100% with backpack electrofishing in the study 
streams (cf. Chiaramonte et al., 2020). Moreover, some landed fish 
likely emigrated out of study reaches prior to electrofishing. For 
these reasons, estimates of relative survival (i.e. recapture rate of 
angled fish) did not represent actual survival and were therefore 
only meaningful for comparison.

The effect of water temperature on catch- and- release relative 
survival was modelled using logistic regression. Each landed fish 
was the experimental unit, with fish landed and tagged by anglers 

TA B L E  1  Characteristics of streams in Eastern Idaho where cutthroat trout and brook trout were landed in summer 2020 to evaluate the 
effect of elevated summer water temperatures on relative survival and angler catch rates

Stream Latitude Longitude

Reach 
length 
(km) Elevation (m) Gradient (%) Mean width (m)

Fish landed

n Mean length (cm)

Willow Creek 43.311° 111.777° 1.2 1800 1.9 10.8 36 24.9

Canyon Creek 43.785° 111.445° 1.4 1787 0.6 3.8 7 27.0

McCoy Creek (lower) 43.159° 111.206° 1.5 1860 1.0 8.7 13 29.5

McCoy Creek (upper) 43.161° 111.275° 1.2 1887 1.0 6.4 29 24.1

Clear Creek 43.162° 111.286° 1.0 1896 0.9 3.2 15 26.2
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treated as the response variable (0 = not recaptured, 1 = recap-
tured). To account for differences among streams that may have af-
fected individual recaptures of tagged fish, the stream was included 
as a random effect. The fish length was included as a fixed effect be-
cause relative mortality could depend on fish length. Angler and in-
stantaneous water temperature at the time of landing were included 
as fixed effects. Angler was included to account for potential differ-
ences in handling stress of landed fish among anglers. Finally, fish 
length × temperature and angler × temperature interaction terms 
were included to evaluate whether any effect of water temperature 
on the relative survival of caught- and- released fish was mediated by 
fish length or angler.

The effect of water temperature on catch rate was examined 
using general linear models. Each landed fish (including brook trout) 
was the experimental unit. The catch rate (fish landed/h) of each 
landed fish (i.e. the response variable) was calculated by dividing 
60 by the number of minutes since the last fish was landed. For ex-
ample, for a fish that was landed 25 min after the previous fish, the 
catch rate for that fish was calculated as 60/25 = 2.4 fish/h. For 
each angler's last fish caught on each day, if the fishing effort did not 
end at the time a fish was landed, then any extra fishing time that 
resulted in no fish landed was added to the time recorded for the 
last fish (average = 18 min). Predictor variables included a random 
effect for stream and fixed effects for angler and water temperature 
at the time of landing. The angler × temperature interaction term was 
included to evaluate whether the effect of water temperature on 
catch rate was mediated by the angler.

For both analyses, candidate models included all combinations 
of predictive factors, but the random effect of the stream was in-
cluded in all candidate models. Models were ranked using Akaike's 

information criterion corrected for small sample size (AICc; Burnham 
& Anderson, 2002), the most plausible models were those with 
AICc scores within 2.0 of the best model and AICc weights (wi) were 
used to assess the relative plausibility of each model (Burnham & 
Anderson, 2004). Coefficients were estimated for all plausible mod-
els, but coefficients were only considered influential if their 90% 
confidence intervals (CIs) did not include zero. This more lenient in-
terpretation of CIs was used to balance type I and type II errors in 
light of the relatively small sample size. All statistical analyses used 
SAS (SAS Institute Inc, 2009).

3  |  RESULTS

Of 100 cutthroat trout and 5 brook trout landed, cutthroat trout 
ranged from 17 to 37 cm TL and brook trout ranged from 20 to 26 cm 
TL. The length of landed fish was similar in all streams (Table 1). 
Water temperature at the time fish were landed ranged from 13.5 to 
25.7°C (Figure 1). During electrofishing, 50 tagged cutthroat trout 
were recaptured (brook trout were not tagged, so no tagged brook 
trout were recaptured).

Relative survival of angled and tagged cutthroat trout (across 
all streams combined) generally declined as water temperature 
increased, from 0.58 (SE = 0.06) for fish landed at <21°C to 0.35 
(SE = 0.10) at 21– 23°C and 0.17 (SE = 0.12) at >23°C (Figure 2). 
The most parsimonious model explained variation in cutthroat 
trout catch- and- release relative survival as a function of fish 
length, the water temperature at the time of fish landing and angler 
(Table 2). Three additional models were also supported, with vari-
ous combinations of these parameters and the interaction term, fish 
length × temperature. In the most parsimonious model, relative sur-
vival was reduced at higher water temperatures for smaller fish and 
fish caught and released by angler 3 compared to angler 1 (Table 3). 
Effects of fish length and angler were also influential in the next best 
model.

Angler catch rate also generally declined as water temperature 
increased, with a rate of 5.2 fish/h (SE = 0.6 fish/h) at <21°C, 4.1 
fish/h (SE = 0.9 fish/h) at 21– 23°C and 1.2 fish/h (SE = 0.4 fish/h) 
at >23°C (Figure 2). The most parsimonious model explained varia-
tion in angler catch rate as a function of water temperature at the 
time of fish landing (Table 4). The null (stream only) model, a model 
with water temperature and angler and a model with only angler 
were also supported. Water temperature was not influential in the 
most parsimonious model but was influential in the third best model 
(Table 5), which indicated that catch rates declined at higher water 
temperatures. Catch rates also varied among anglers (Table 5).

4  |  DISCUSSION

We found that both relative survival and catch rate of stream- 
dwelling trout declined as water temperature increased. This concurs 
with prior studies demonstrating that catch- and- release survival 

F I G U R E  1  Water temperature at the time cutthroat trout were 
landed and tagged by fly anglers in summer 2020 in Eastern Idaho 
streams. Each symbol depicts data at one reach (see Table 1), with 
the symbol colour indicating different days in the same reach
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was negatively related to elevated water temperature for stream- 
dwelling rainbow trout, brown trout, mountain whitefish (Prosopium 
williamsoni; Boyd et al., 2010) and Atlantic salmon (S. salar; Van 

Leeuwen et al., 2021), but was also negatively related to angler catch 
rates for stream- dwelling rainbow trout (McMichael & Kaya, 1991), 
brown trout (Taylor, 1978) and Atlantic salmon (Dempson et al., 2002; 
L'Abée- Lund & Aspås, 1999; Van Leeuwen et al., 2021). The decline 
in angler catch rate at higher water temperatures is important be-
cause anglers presumably will either curtail their fishing effort due 
to lack of success (Askey & Johnston, 2013; Chizinski et al., 2014), or 
they will handle fewer fish per hour spent angling at warmer water 
temperatures than at cooler temperatures. Consequently, inhibiting 
fishing at elevated water temperatures may be no more beneficial 
to trout populations than at lower water temperatures. Moreover, 
fish populations can offset the loss of individuals to angling- related 
mortality via compensatory density- dependent processes such as 
increased rates of growth and recruitment and decreased rates of 
natural mortality (McFadden, 1977; Rose et al., 2001), so it is dif-
ficult to ascertain what population- level differences (if any) would 
materialise between trout streams with and without angling closures 
triggered by elevated water temperatures.

We observed catch inequality among anglers, which has 
been widely reported in freshwater recreational fisheries (e.g. 
Baccante, 1995; Bloom, 2013; Ward et al., 2013). Differences in the 
survival of released fish among anglers were surprising because all 
aspects of our angling practices (i.e. fishing gear, landing nets, air 
exposure and fight time) were standardised, and our fish handling 
experience was extensive and equivalent. This finding suggests 
that even subtle differences in angling and handling practices can 
result in measurable differences in angler- induced mortality, and 
supports the assertion that educating anglers on best- handling 
practices for caught- and- released fish can be beneficial (reviewed 
in Brownscombe et al., 2017), especially for anglers that catch and 
release the most fish. Most agencies and provinces provide guid-
ance on best handling and release practices for anglers (Pelletier 
et al., 2007).

The most important limitation of our study that could have af-
fected our conclusions was that our pilot study had a relatively small 
sample size, so our findings were limited by a lack of statistical power 

TA B L E  2  Comparison of logistic regression models constructed to evaluate the relative survival of cutthroat trout in relation to elevated 
summer water temperatures in summer 2020 in Eastern Idaho streams.

Model Log likelihood AICc ΔAICc wi AUC

Length + temperature + angler + stream 121.70 136.94 0.00 0.28 0.77

Length + angler + stream 125.06 137.98 1.04 0.17 0.75

Length + temperature + length*temperature + angler + stream 121.22 138.82 1.88 0.11 0.78

Temperature + stream 132.60 138.85 1.91 0.11 0.70

Temperature + angler + stream 126.22 139.13 2.19 0.10 0.75

Temperature + length + stream 131.16 139.58 2.64 0.08 0.69

Null (stream only) 136.15 140.28 3.34 0.05 0.67

Angler + stream 129.91 140.55 3.61 0.05 0.74

Length + stream 134.53 140.79 3.85 0.04 0.67

Length + temperature + angler + temperature*angler + stream 120.45 142.95 6.01 0.01 0.77

Note: Estimates of log- likelihood, Akaike's information criteria (AICc), change in AICc (ΔAICc), AICc weights (wi), and area under the curve (AUC) were 
all used to assess plausible models. All parameters were fixed effects except stream, which was a random effect included in all models.

F I G U R E  2  Relative survival of cutthroat trout landed and 
marked by anglers (i.e., recapture rate of landed and tagged fish), 
and mean angler catch rate of all trout (including brook trout), in 
relation to summer instantaneous water temperature at the time 
that fish were landed by fly anglers in summer 2020 in Eastern 
Idaho streams. The sample size for each temperature bin is 
provided inside the bars.
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138  |    MEYER et al.

that caused imprecise parameter estimates. Our findings agree with 
prior research (Boyd et al., 2010; Dempson et al., 2002; L'Abée- Lund 
& Aspås, 1999; McMichael & Kaya, 1991; Taylor, 1978; Van Leeuwen 

et al., 2021), but we nevertheless encourage additional research on 
effects of elevated stream temperature on angler catch rates and 
catch- and- release survival to more fully elucidate these relation-
ships. Our study was also limited to one summer, only a few streams, 
involved only one trout species and used one type of terminal tackle, 
so our results relating water temperature to angler catch rates and 
post- release relative survival may differ in other seasons, streams, 
species and settings. While some movement of tagged fish likely oc-
curred prior to recapture sampling, our results would be biased if the 
level of movement was a function of water temperature at the time 
the fish landed. Post- release movement of stream- dwelling salmo-
nids in relation to water temperature has not been investigated to 
our knowledge, but studies of anadromous salmonids have shown 

TA B L E  3  Coefficient estimates and 95% confidence intervals 
(CIs) for the most plausible models constructed to evaluate the 
relative survival of cutthroat trout in relation to elevated summer 
water temperatures in summer 2020 in eastern Idaho streams

Coefficient Estimate 90% CI

Model: length + temperature + angler + stream

Intercept 1.23 −2.38 to 4.84

Fish length 0.08 0.00 to 0.16

Water temperature −0.16 −0.31 to −0.01

Angler 2 −1.14 −2.85 to 0.57

Angler 3 −1.33 −2.47 to −0.19

Angler 4 0.49 −0.56 to 1.53

Stream 0.32 −0.53 to 1.16

Model: length + angler + stream

Intercept −1.99 −4.12 to 0.13

Fish length 0.08 0.01 to 0.16

Angler 2 −1.13 −2.77 to 0.51

Angler 3 −1.17 −2.25 to −0.09

Angler 4 0.64 −0.35 to 1.63

Stream 0.32 −0.41 to 1.05

Model: length + temperature + length × 
temperature + angler + stream

Intercept 6.78 −7.19 to 20.74

Fish length −0.14 −0.67 to 0.40

Water temperature −0.46 −1.20 to 0.28

Fish length * water 
temperature

0.01 −0.02 to 0.04

Angler 2 −1.02 −2.73 to 0.70

Angler 3 −1.30 −2.43 to −0.17

Angler 4 0.43 −0.62 to 1.49

Stream 0.32 −0.51 to 1.15

Model: temperature + stream

Intercept 3.00 0.19 to 5.82

Water temperature −0.16 −0.30 to −0.01

Stream 0.34 −0.43 to 1.11

Note: All parameters were fixed effects except stream, which was a 
random effect included in all models.

Model Log- likelihood AICc ΔAICc wi

Temperature + stream 640.10 648.49 0.00 0.34

Null (stream only) 642.73 648.97 0.48 0.27

Temperature + angler + stream 634.29 649.43 0.94 0.22

Angler + stream 637.18 650.03 1.54 0.16

Temperature + angler + temperature*angler 
+ stream

633.53 655.84 7.35 0.01

TA B L E  4  Comparison of linear 
regression models constructed to evaluate 
catch rates of trout in relation to elevated 
summer water temperatures in summer 
2020 in eastern Idaho streams

TA B L E  5  Coefficient estimates and 95% confidence intervals 
(CIs) for the most plausible models constructed to evaluate catch 
rates of trout in relation to elevated summer water temperatures in 
summer 2020 in eastern Idaho streams

Coefficient Estimate 90% CI

Model: temperature + stream

Intercept 10.88 4.49 to 17.27

Water temperature −0.32 −0.64 to 0.01

Stream 4.12 −2.58 to 10.81

Model: null (stream only)

Intercept 4.92 3.19 to 6.65

Stream 3.19 −2.21 to 8.58

Model: temperature + angler + stream

Intercept 12.07 5.72 to 18.41

Water temperature −0.32 −0.64 to −0.01

Angler 2 −3.30 −6.52 to −0.08

Angler 3 −2.57 −4.81 to −0.34

Angler 4 −1.05 −3.20 to 1.09

Stream 3.61 −2.60 to 9.81

Model: angler + stream

Intercept 5.90 4.00– 7.79

Angler 2 −3.45 −6.73 to −0.18

Angler 3 −2.41 −4.66 to −0.15

Angler 4 −0.88 −3.03 to 1.28

Stream 2.85 −2.25 to 7.96

Note: All parameters were fixed effects except stream, which was a 
random effect included in all models.
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    |  139MEYER et al.

no negative temperature effect on upstream arrival at spawning 
locations of fish landed by anglers (Jensen et al., 2010; Lennox 
et al., 2015; Twardek et al., 2018), even at elevated water tempera-
tures (Richard et al., 2014). To minimise the distance of electrofishing 
recapture effort, we kept each angling reach short (≤1.5 km), so we 
cannot be certain that angling the same reach over multiple days 
(sometimes 2 consecutive days) did not affect angler catch rates. 
However, we saw no evidence of reduced catch rates at later dates, 
and we never landed the same fish twice, which suggests that our 
angling effort was relatively light in each segment we fished. Finally, 
smaller fish may have experienced lower relative survival than larger 
fish, as our findings suggest, but this relationship may have simply 
been the result of higher backpack electrofishing capture efficiency 
for larger trout (Chiaramonte et al., 2020; Meyer & High, 2011).

Climate change will clearly be one of the most influential fac-
tors in the sustainability of recreational fisheries in the 21st cen-
tury (Jeanson et al., 2021), especially for cold- water species such 
as salmonids (Wenger et al., 2011). As climate change increasingly 
causes warmer stream water temperatures, concern regarding the 
stress imposed by catch- and- release angling on stream- dwelling sal-
monid populations is growing in both the scientific literature (e.g. 
Isaak, Muhlfeld, et al., 2012; Isaak, Wollrab, et al., 2012; Hague & 
Patterson, 2014; Cahill et al., 2018) and popular articles and social 
media (Painter, 2021; Peterson, 2021). Recent debate has largely fo-
cused on the potential impact of elevated water temperatures on 
the growth and survival of released fish, but the effect of increased 
temperature on angler catch rates should be given equal attention 
because if anglers' ability to land fish is diminished at elevated tem-
peratures, so is their likelihood of inadvertently causing catch- and- 
release mortality. Consequently, until evidence shows that trout 
populations are being negatively impacted in areas where angling is 
permitted at elevated water temperatures, we urge caution before 
implementing what has been termed “hoot owl regulations.”
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