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Selective recreational Pacific salmon fisheries that require catch-and-release are used to protect specific species
or populations, while allowing continued access to angling. Catch-and-release angling assumes that a large
proportion of released fish will survive. We captured coho salmon using common recreational rod-and-reel
techniques and held the fish in a field laboratory for a minimum of 10 days to examine the survival conse-
quences of release. We examined the impacts of “fish friendly” mesh landing nets and tandem hook configura-
tions. The mesh landing nets resulted in a greater hazard of mortality, while there was no mortality trend
observed for the hook configuration treatment. Injuries caused by the angling treatments were greater for fish
landed with a mesh landing net (relative to a vinyl-coated sling) and fish landed with tandem hook configura-
tions (relative to single-hook configurations). Injuries to the dermal surface (i.e. scale loss and fin damage) of fish
drove high mortality (38% for most damage), while fish without any dermal injuries had only 4% mortality.
Coho salmon that were more mature had increased survival through the experiments. This study demonstrates
that if coho salmon are handled minimally, and recreational fisheries are focused near the terminus of coho

salmon marine migrations, high post-release survival may be achievable.

1. Introduction

Pacific salmon (Oncorhynchus spp.) play a vital role economically,
culturally and ecologically (Hilderbrand et al., 2004; Criddle and Shi-
mizu, 2014; Noble et al., 2016), and are important to Indigenous,
commercial, and recreational fisheries. However, many populations of
Pacific salmon are in decline (Spromberg and Scholz, 2011; Welch et al.,
2021; Atlas et al., 2023), and prioritizing conservation efforts is neces-
sary to protect them from a multitude of natural and anthropogenic
stressors (Walsh et al., 2020). To facilitate the protection of Pacific
salmon populations, fisheries regulations limiting retention levels and
regulating gear choice have been implemented (Morishima and Henry,
2020). Selective recreational fisheries that require catch-and-release
(CR) are increasingly being implemented both as regulations to pro-
tect specific species, size classes, and populations, and voluntarily by
anglers in accordance with their conservation ethics (Arlinghaus et al.,
2007).

Coho salmon (O. kistuch) is a species of Pacific salmon that is
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important to all fisheries sectors, and has long been a focus of conser-
vation efforts (Bendriem et al., 2019). Shifting ocean dynamics and high
exploitation rates on coho salmon in southern British Columbia, Canada
have resulted in large declines in productivity, particularly for pop-
ulations that rear as juveniles in the interior of the Fraser River (IFR)
watershed (Bartosh and Hrynyshyn, 2001; Bendriem et al., 2019). In
2002, IFR coho salmon were designated by the Committee on the Status
of Endangered Wildlife in Canada (COSEWIC) as Endangered but were
redesignated as Threatened in 2016 (Irvine, 2002). To reduce exploi-
tation rates on IFR coho salmon and enable recreational fisheries,
mark-selective fisheries (MSF) have been in place in marine waters of
southern British Columbia since 1999 (DFO, 2015). In these fisheries, all
coho salmon that are not of hatchery origin (i.e. have an intact adipose
fin) must be released, where the central assumption is that a large
proportion of those released fish survive (Wydoski, 1977). However,
recent studies indicate that some CR practices have large negative im-
pacts on post-release survival of coho salmon (Raby et al., 2015a;
Lunzmann-Cooke et al., 2024, 2026; Prystay et al., 2025).
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Fisheries and Oceans Canada (herein referred to as DFO), in their
management and escapement modelling with coho salmon, assume a
10% post-release mortality for fish released from marine recreational
fisheries (DFO, 2024). Recent telemetry studies tracking coho salmon for
several weeks following marine CR have found post-release mortality to
be much higher (31-60%; Lunzmann-Cooke et al., 2024). This discrep-
ancy is likely due to the fact that DFO’s number is derived from 24-hour
holding studies (Cox-Rogers and Rupert 2004a, 2004b). Recent holding
studies involving sockeye salmon (O. nerka) released from gillnet
entanglement during freshwater spawning migrations found it takes
5-10 days for post-release mortality to occur (Teffer et al., 2017).
Another holding study involving Chinook salmon (O. tshawytscha)
released from marine angling found that the highest post-release mor-
tality occurred at 3-5 days post-capture (Zinn et al., 2026). These results
highlight that DFO’s studies were likely too short in duration to fully
capture the post-release mortality associated with CR for coho salmon.
This revelation, along with findings from recent CR telemetry studies on
coho salmon (Lunzmann-Cooke et al., 2024, 2026), are concerning
because if large numbers of coho salmon are being released, the asso-
ciated mortality levels could be much higher than has been originally
believed.

The severity of injuries associated with, and specific causes of post-
release mortality are context specific, involving aspects of the gear,
handling and release approaches, and fish characteristics (Arlinghaus
et al.,, 2007, reviewed in Prystay et al., 2025). For example, hooks,
particularly large single hooks, treble hooks, and those with barbs, may
penetrate eyes or other vital organs, or damage gills and blood vessels
when hooked or during hook removal (Bartholomew and Bohnsack,
2005; Hithn and Arlinghaus, 2011; Fritts et al., 2023). Contact with nets
or the boat can damage fins and scales, affecting osmoregulation and
pathogen entry (Svendsen and Bggwald, 1997; Fast et al., 2002; Barthel
et al., 2003; Baker and Schindler, 2009). Fish size, sex and species, as
well as water temperature can further alter severity of injuries and levels
of mortality (Wertheimer et al., 1989; Cooke and Suski, 2005; Hinch
et al., 2021; Robichaud et al., 2024).

The causes of post-release mortality have been studied extensively in
Pacific salmon commercial fisheries in both marine and freshwater en-
vironments (Raby et al., 2015b; Teffer et al., 2017; Bass et al., 2018;
Prystay et al., 2025), and also with recreational Pacific salmon fisheries
in freshwater environments (Vincent-Lang et al., 1993; Robinson et al.,
2015; Courter et al., 202.3; Fritts et al., 2023). However, very few studies
have examined this phenomenon in marine recreational Pacific salmon
fisheries (reviewed in Prystay et al., 2025). Further, the only recent
investigation involving coho salmon found ~ 32% mortality after 3-5
days post-release, based on acoustic telemetry tracking, with increased
odds of mortality if fish had scale loss, eye damage, bleeding, and small
body sizes (Lunzmann-Cooke et al., 2024). There were no clear effects of
hook size on injuries, although fish landed with knotless nets exhibited
less scale loss than those that were landed with knotted nets but had a
greater number of fins damaged (Lunzmann-Cooke et al., 2026). How-
ever, those investigations were limited by only being able to assess
mortality at a few discrete migratory locations (where acoustic receivers
were situated), only considering one type of hook, and using landing
nets for the majority of tagged fish, which caused a consistent pattern of
injury. Therefore, there is a need to update our knowledge on the im-
pacts of hook configurations, and landing nets on the types and severity
of injuries, and the subsequent mortality.

The objectives of our study were to determine fine-scale survival and
injury patterns associated with coho salmon CR in the marine recrea-
tional troll fishery, and experimentally determine the impacts of “fish
friendly” mesh landing nets and of single versus tandem hook configu-
rations. Following capture, we held coho salmon for 10-13 days in a
marine field laboratory and examined the progression of injury and
daily survival. We predicted that the majority of mortality would occur
beyond the 24-hour timeframe that was the benchmark of previous
management-based holding studies (Cox-Rogers and Rupert 2004a,
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2004b), standard knotless mesh landing nets would result in fin damage
and scale loss, tandem hooks would cause more severe hooking wounds,
and that together, those gear choices would lead to the highest levels of
delayed mortality.

2. Methods
2.1. Fish collection

Adult coho salmon (n = 235) were collected using standard rod-and-
reel recreational trolling fishing techniques between August 12 -
September 11, 2024 (n = 115) and August 26 — September 04, 2025
(n = 120) in Barkley Sound, British Columbia (Fig. 1; Pacific Fisheries
Management Area 23; DFO, 2024). Fish were captured using down-
riggers fixed with a 6.8 kg weight set at a median line depth of 10.1 m
(range: 4.6 — 21.0 m) at multiple locations throughout Barkley Sound
(median water depth: 31.7 m; range: 10.7 — 102.7 m; Fig. 1). All fish
were captured using single-action reels, with a median fight time of
1 min (range: <1 min — 4 min). Fish were captured using hoochies
(Fig. 2; plastic squid-imitation lure) and an in-line flasher (28 cm long
rotating attractor), which are methods common to the recreational
fishery. Gamakatsu Big River Bait hooks were used in both traditional,
up-eye octopus and open-eye Siwash styles to allow for both tandem-
and single-hook configurations to be tied with hooks of identical shape.
Tandem-hook configurations were tied using a “Snell” knot, with ~
10 mm between the bend of the upper hook to the eye of the lower hook
(Fig. 2A), and single-hook configurations attached the open-eye Siwash
hook to a swivel that was tied to the leader line (Fig. 2B). Only 3/0-sized
hooks were used (gap width = 14 mm), set up approximately the same
distance from the in-line flasher (~90 cm) to minimize variability in the
capture event. The surface water temperature was recorded at capture
for each fish. We employed three vessels, two charter vessels purely for
fish capture and primary injury assessment, and one scientific charter
vessel that was involved in fish capture, biological sampling, and fish
transport. All vessels were captained by professional fishing guides, and
included an experienced angler, and one scientific sampler. The trans-
port vessel was fitted with a 660 L holding tank filled with 11-13°C
aerated seawater for fish transport (herein referred to as the “transport
tank™).

2.2. Experimental treatments

In 2024, all fish were captured using single hooks, with the treatment
involving landing fish either using a common “fish friendly” mesh
landing net (knotless nylon mesh, 1 cm diameter; n = 57; Fig. 3A) or
using a sling made of vinyl-coated polyester (VCP) with fine mesh
(~1.5 mm) on each end to allow water to pass through (n = 58; Fig. 3B).
This allowed direct examination of the impact of mesh landing nets on
the short-term survival outcome of the CR event. In 2025, all fish were
landed using a modified landing net that had the same VCP and fine-
mesh material used in the slings (Fig. 3C; herein referred to as the
VCP-net). The treatment involved capturing fish using either a tandem-
hook configuration (n = 60; Fig. 2A) or a single-hook configuration
(n = 60; Fig. 2B).

2.3. Fish processing

In 2024, when a capture vessel caught a coho salmon, it was brought
onboard into a VCP sampling trough filled with surface water for pri-
mary assessment of injury and impairment. Each coho salmon was
assessed to determine hooking location, bleed score, eye damage score,
and given a reflex action mortality predictor score (RAMP; Table 1; Raby
etal., 2012). Following this assessment, fish were transferred into a VCP
cylinder (“Recovery Bag”; Fig. S1; ~23 cm x 101 cm) with mesh on
either end (commonly used by salmon hatcheries for brood-stock
collection; Dynamic Aqua Supply Ltd. FT940) attached to a float with
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Fig. 1. Map of Barkley Sound, British Columbia labelled with Bamfield Marine Sciences Centre (BMSC). Locations of capture are labelled, and the shape of the points
represents if the fish were caught in 2024 from Cree Island (n = 51), Kirby Point (n = 4), Sandford Island (n = 60), or in 2025 from Cape Beale (n = 2), Edward King
(n = 47) Island and Sandford Island (n = 71). The inset map shows where Barkley Sound is relative to the rest of British Columbia, Canada.

Fig. 2. Methods used to land coho salmon which have been brought to the
vessel. A) Common mesh landing net, B) vinyl-coated polyester sling with mesh
on either end, C) landing net with vinyl-coated polyester sling inside (aka VCP-
net). A) and B) were the treatments used in 2024, and C) is how fish were
landed in 2025.

~2 m of rope, which was placed in the water for the sampling vessel to
retrieve. In 2025, to reduce the handling on each fish, when one of the
capture vessels captured a fish and landed it in a VCP-net, the transport
vessel drove alongside and took the VCP-net with the fish inside without
removing the fish from the water. Since this method required the cap-
ture vessel to complete the primary assessment from within the VCP-net
instead of in the sampling trough, the RAMP score was not possible to
measure, and thus an aggregated “impairment” score was assessed (0 =
unimpaired; 1 = fish exhibited clear signs of impairment such as high
ventilation rates and an inability to right itself). In both years, each fish

was retrieved by the transport vessel to complete the secondary
assessment and sampling. If a fish was caught by the transport vessel in
either year, it was netted and rapidly brought onboard for sampling. Any
captured fish above 30 cm identified to be coho salmon was used in the
study.

Once on the transport vessel (within 15 min of capture), the fish were
placed in a VCP sampling trough that was submerged within the trans-
port tank for secondary assessment. The secondary assessment included:
arepeat assessment of eye damage and bleed scores, a scoring of natural
wounds, scale loss, hooking injury, gill condition, number and severity
of fins damaged, and line wrap (Table 1). Line wrap occurs during the
angling event, where hooked coho salmon rotate their body during the
fight rather than exhibiting discrete bursts of high-intensity linear
swimming or “runs”. In doing so, the line wraps around their body
causing abrasion to the dermal surface, scale loss and fin damage. An
energy meter (Fish Fatmeter Model-FFM 692, Distell, Scotland, UK) was
used to assess the gross somatic energy (Table S1; Crossin and Hinch,
2005). Each fish was tagged using a passive integrated transponder
(PIT) tag, inserted in the dorsal sinus, for identification (12 mmx2 mm,
0.1 g; Biomark® APT 12 tags).

In both years, a biopsy of 2-4 mm of 34 gill filaments was taken and
stored in RNAlater™ solution (Cooke et al., 2005) and a dermal mucous
sample was collected by passing a swab along the side of the fish above
the lateral line. In 2025, a 5 mL blood sample was taken from the caudal
vein using a 3.8 cm, 21-gauge needle (lithium heparinized Vacutainer®,
Becton-Dickson, NJ) at 15 min following the start of the capture event
(when the fish was first noticed to be hooked on the line) for comparison
of the physiological stress between treatment groups. All these biolog-
ical samples were collected for future analyses and are not reported on in
this manuscript. Once bio-sampling was finished, fish were released
freely into the transport tank.

After 2h had passed or 8 fish were caught, the transport vessel
returned to BMSC, where fish were individually transferred into a cooler
filled with water from the transport tank using the VCP sling (Fig. 3B).
The VCP sling was used across all transported fish to ensure handling
consistency, and to minimize potential for further damage to fins and
scales from multiple netting events (Zinn et al., 2026). The coolers were
then transported ~100 m to one of two 12,800 L holding tanks (Fig. S2).
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Fig. 3. Hook configurations that were contrasted in the 2025 coho salmon holding experiment. A) tandem-hook configuration with two hooks in sequence, B) single-

hook configuration.

All collection and sampling protocols followed the Canadian Council of
Animal Care guidelines and were approved by the UBC (#A23-0296)
and BMSC (#RS—22-04-R3) animal care committees. Fish were
collected under DFO scientific licenses (XR—363-2024, XR—401-2025)
and transported to BMSC under British Columbia Introductions and
Transfers Committee licenses (141390, 145773).

2.4. Fish monitoring and necropsy

Tanks were loaded with a maximum of 30 fish, keeping loading
density low at 5.4-6.9 kg/m3 (DFO, 2016). Seawater, filtered for coarse
material but otherwise untreated, was pumped from the ocean at a depth
of 30 m into holding tanks at 160-220 L/min. A slow circulating current
was established in each tank which encouraged fish to swim thus
reducing stress and agonistic behaviours (Adams et al., 1995; Patterson
et al., 2004). Within each experiment, fish were held and monitored for
10-13 days. Fish condition and water quality was checked at least twice
each day for any signs of morbidity or alterations in water quality
(dissolved oxygen [%] and water temperature [°C]). Tank dissolved
oxygen ranged from 88% to 100% and water temperature ranged from
10 to 13°C. Signs of morbidity included both physical (bleeding lesions,
mouth rot developing) and behavioural symptoms (erratic swimming,
gasping at the surface, not swimming but lying on the bottom of the
tank, inability to hold in the tank flow). If an individual had these signs
without any improvement, they were euthanized and classified as a
“mortality”. At the end of the holding period, all fish that were alive
were euthanized by cranial percussion and cervical dislocation. A small
fin biopsy was taken for genetic stock identification (Beacham et al.,
2020), and a sample of 3-5 scales were taken for aging. Each fish was
measured for length (cm), girth (cm) and weight (kg), then dissected to
identify sex and to weigh the gonads for a measure of maturity using the
gonadosomatic index (GSI; gonad weight / whole weight).

2.5. Data analyses

All statistical analyses were performed in R Statistical Software
version 4.6.0 (R Core Team, 2026). Data cleaning and preparation was
done using the Tidyverse package (Wickham et al., 2019). Metrics of
angling-induced injuries were first compared between the experimental
treatments each year. This was followed with a survival analysis using
Cox mixed effects models to examine the factors (i.e. injuries or intrinsic
traits) that most influenced delayed mortality (excluding immediate
onboard mortalities). Finally, generalized linear models were used to

examine the factors that contribute to total observed mortality (imme-
diate + delayed mortality). Both the survival analysis and the general-
ized linear models were performed on the experimental treatments
separated by year to determine the impact of the treatments on survival,
and were subsequently pooled together to examine the contributing
factors at each level of mortality. Across analyses, an a priori alpha level
of 0.05 was used to assess variable significance.

2.5.1. Injuries

Comparisons of injuries between experimental treatments were
assessed using the package rstatix (Kassambara, 2019). Non-parametric
Wilcoxon rank-sum tests (Mann-Whitney U-test) were used to contrast
the injury types between the treatments employed in each year (2024:
mesh landing net vs. vinyl sling; 2025: tandem vs. single hook config-
uration) as they can accommodate ordinal variables. For the hook
configuration treatment, comparisons of dermal injury and fin damage
were not tested since the hook configuration does not influence this type
of damage. P-value corrections were not used because the treatment
impact on each injury type tested a separate null hypothesis (Rubin,
2021) and correlation was present between the injury types (e.g. num-
ber of fins damaged and severity of fin damage) resulting in fewer
effective independent comparisons. To compare hooking locations be-
tween the hook configuration treatments (tandem vs. single hook), a
release difficulty metric was created through discussions with experi-
enced recreational angling guides and the difficulty of hook removal
when the fish were in the sampling troughs. Hook locations that were on
or near the exterior of the mouth were considered “easy” (locations =
corner of mouth, outer jaw, foul hook), while hook locations that were
deep in the throat, or if a fish was hooked in multiple locations, the
release difficulty was considered “difficult” (hook locations = inner
mouth, swallowed, multiple).

Following comparisons of treatments in each year, all fish that were
landed using single hook configurations (all fish from 2024 and half of
the fish from 2025) were pooled together to compare injuries between
the three landing methods used (i.e. mesh landing net, vinyl sling and
the VCP-net). Injuries compared included number and severity of fin
damage, line wrap severity and the aggregated dermal injury severity
(Table 1). Injuries resulting from the three landing methods were
compared using pairwise Wilcoxon rank sum tests with Bonferroni
corrections.

2.5.2. Mortality
Cox proportional hazard models with mixed effects were used to
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Table 1
Scoring of injuries, pre-existing conditions and Reflex Action Mortality Pre-
dictors (RAMP) of captured coho salmon.

Observation Description of Measurement

Angling injuries Hook location Corner, outer jaw, inner mouth,
swallowed or foul.

0 (puncture hole); 1 (minor tear; torn
dermal tissue); 2 (moderate tear;
exposed tissues; dermal, muscular,
cartilage); 3 (severe tear; exposed and
missing tissue; dermal, muscular,
cartilage).

0 (no bleed or small hook wound ooze);
1 (light bleed; minor ooze, associated
with torn tissue or vasculature); 2
(significant bleed; pulsing blood, major
vascular damage).

Count of fins with damage (0-7;
pectoral x2, dorsal, pelvic x2, anal,
caudal).

0 (no damage); 1 (minor split on the
edge of the fin); 2 (moderate split
halfway down the fin); 3 (severe split to
the body, broken fin rays, exposed
tissue at base).

0 (absence); 1 (presence) OR

0 (none); 1 (minor, 0-15% of the body);
2 (severe, >15%)

0 (absence); 1 (presence) OR

0 (absence); 1 (single puncture,
intraocular hemorrhage present but not
complete); 2 (single or through
puncture, complete intraocular
hemorrhage, structure maintained); 3
(complete enucleation or ocular
rupture, no structural integrity,
significant hemorrhage).

0 (absence); 1 (<5% of scales removed
or clear line imprint if no scales
removed); 2 (>5% of scales removed)
0 (line wrap = 0, scale loss = 0, number
of fins = 0-3, severity of fin damage =
0-1); 1 (line wrap = 1, scale loss = 1,
number of fins = 4-7, severity of fin
damage 2-3) 2 (line wrap = 2, scale loss
= 2 or fish physically interacted with a
hard surface [i.e. boat deck, dock])

0 (no visible damage); 1 (necrotic tips
present) OR

0 (no necrotic tips); 1 (1-4 necrotic tips
or significant fraying); 2 (5 + necrotic
tips or pathogenic growth).

0 (absence); 1 (minor dermal tear); 2
(exposed tissues); 3 (severe tissue

Hook wound
severity

Bleed score

Number of fins
damaged

Severity of fin
damage

Scale loss

Eye damage

Line wrap

Dermal injury
severity

Pre-existing Gill condition

condition

Natural wounds

damage)
Reflex action Orientation 0 (fish rights itself when flipped); 1
mortality (impaired)
predictors Vestibular-ocular 0 (eye tracks when the fish is turned); 1
response (impaired)
Tail grab 0 (fish is capable of burst swimming); 1
(impaired)
Body flex 0 (fish flexes when on its side); 1
(impaired)

Head complex 0 (fish shows regular venting patterns);

1 (impaired)

Adapted from Zinn et al. (2026).

determine the factors that had the greatest impact on delayed mortality.
Any fish that died prior to being put in the holding tanks (immediate
mortalities, n = 5) were not included in this analysis. Modelling was
done using R packages survival (Therneau, 2001) and coxme (Therneau,
2009). The proportional hazards assumption was tested statistically
using a Schoenfeld residual test. Linearity and influential observation
assumptions were assessed graphically using residual plots produced
within the survminer package (Kassambara et al., 2016). These models
included the random effect of tank nested in hold experiment to account
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for variability between tanks and holds. To examine the effect of the
experimental treatments on delayed mortality, each year was modeled
separately (2024: n = 114; 2025: n = 116). Data were then pooled to
examine the factors with the greatest impact on delayed mortality
(n = 230). The number of explanatory variables included in the factor
model was limited to two as there were only 29 mortality events,
although including three variables would nearly coincide with 10 events
per variable (Peduzzi et al., 1996). Due to high potential for variability
between capture conditions, injuries and survival time, ~15 events per
variable was chosen to reduce the bias in estimates. Goodness of fit was
measured by calculating Harrell’s C-index (Harrell et al., 1996).

Generalized linear models were used to determine the factors that
most influenced the total observed mortality of captured fish (post-
release mortalities + immediate mortalities). These models were created
using the package glmmTMB (Brooks et al., 2017). Model assumptions
including multicollinearity, homoscedasticity, normality of residuals
and outliers were tested using the DHARMa (Hartig, 2016) and perfor-
mance (Liidecke et al., 2021) packages. Random effects for tanks and
hold were attempted to be included in the model, but their inclusions
caused either a violation of assumptions, or a singular design matrix, so
they were dropped from these models. These were again split by year to
examine the impacts of the experimental treatments on total observed
mortality (2024: n = 115; 2025: n = 120), and subsequently pooled
together to look at the driving factors. For one of the immediate mor-
talities, a gonad weight could not be taken and thus for models that
include maturity as a predictor variable, the total sample size is 234.
Explanatory variables in the factor model were limited to three to follow
the 10 events per variable guidelines (Peduzzi et al., 1996). One extra
predictor was included (relative to the Cox regression) due to the higher
number of events when the immediate mortalities are included (34
events). Goodness of fit was measured by calculating Tjur’s R-squared
(Tjur, 2009).

A suite of models including all potential combinations of biologically
relevant predictors were run, and the top model was selected based on
the lowest corrected Akaike’s Information Criterion (AICc). Given the
max number of terms that could be included in the factor models based
on the number of events per variable, potential combinations included a
maximum of two predictors for the Cox regression (Table 4), and three
predictors for the generalized linear models (Table 5).

Potential explanatory variables examined in both the Cox regression
and the generalized linear models included eye damage, gill condition,
natural wounds (e.g. predator bites), primary bleed assessment, sec-
ondary bleed assessment, hook wound, fork length (cm), sex, fish
transfer, dermal injury severity and maturity level. Eye injuries, gill
condition and natural wounds were included as binary variables in the
models due to low sample sizes for the higher scores. The bleed score
taken at capture (primary) was modelled as an ordinal variable in the
Cox regression. In the generalized linear models, the secondary bleed
score was used, and was modelled as a binary variable to reduce the
degrees of freedom used. Hook wound score was treated as an ordinal
variable, and hook wound scores of two and three were combined as few
individuals had a hook wound score of three. Fork length was scaled
around zero for interpretation of coefficients. Since fish landed on the
capture vessels had the additional handling time of being transferred to
the sampling vessel, and the increased time spent in warmer surface
water, the fish transfer metric was included as a potential predictor. This
allowed accommodation for potential differences between those fish
that were landed by the capture vessels (transfer = 1) and those that
were landed by the sampling vessel (transfer = 0).

A dermal injury severity score was based on an aggregate of visible
injuries to the exterior of coho salmon observed at capture (0-2;
Table 1). This was treated as a numeric variable to reduce the used
degrees of freedom, and due to the linearity assumption being met, as
assessed visually by plotting residuals with levels of dermal injury. The
maturity score was based on the quantile of GSI for males and females,
with the middle quantiles combined due to similarities in survival (i.e.
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GSI 0-25% quantile for males and females = 0, GSI 25-50% and 50-75%
quantiles for males and females = 1, GSI 75-100% quantile for males
and females = 2). This was treated as a numeric variable due to the
linearity assumption being met, based on visual assessment.

3. Results
3.1. Fish capture

During capture periods, the median sea surface temperature was
15.7°C in 2024 (range: 13.1°C - 19.4°C), and 15.2°C in 2025 (range:
10.9°C - 18.8°C). Across the two years, 235 coho salmon were trans-
ported into tanks at the lab (115 - 2024; 120 — 2025). Over both years,
122 were females (52%) and 113 were males (48%). Median fork length
for females was of 66.0 cm (range: 53 — 73 cm), while for males it was
64.5 cm (range: 33 — 77 cm). Median mass was 2.9 kg (range: 1.4 —
4.7 kg) and 2.8 kg (range: 0.4 — 4.9 kg) for females and males, respec-
tively. Fork length and mass did not differ among treatments, regardless
of sex (all p > 0.1). Genetic stock identification revealed that most of the
fish (84%, n = 189) originated from the west coast of Vancouver Island,
with the next largest group coming from coastal mainland streams (7%,
n = 16). Of the remaining fish, five percent came from the east coast of
Vancouver Island, with three and one percent coming from the Puget
Sound area and the Fraser River, respectively. Five fish died immedi-
ately upon capture or during transport to the lab. During scheduled tank
checks, one fish was found to be deceased in the tanks, while 28 fish
were euthanized during the experimental holds amounting to a total
observed mortality of 14.5%.

3.2. Injuries

Injuries associated with the hooking event (eye damage, bleeding,
hook wound severity) did not differ between landing methods (all
p > 0.2; Table 2) yet injuries to fins and dermal surface differed signif-
icantly (all p < 0.0001; Table 2). Fish landed with mesh nets had fin
damage 93% of time, compared with 22% for fish landed with the sling.
Mesh landing nets caused more fins to be damaged than the sling (W =
224, p < 0.0001; Table 2), greater fin damage severity (W = 393,
p < 0.0001), and greater dermal injury severity (W = 677, p < 0.0001;
Table 2). However, no difference in line wrap injuries was found be-
tween the mesh net and sling (W = 1219, p = 0.25).

When comparisons are made including the VCP-net used in 2025, it
performed very similarly to the sling (Table 3), with 23% of fish dis-
playing fin damage. There was no difference in the number of damaged
fins nor in the severity of fin damage, dermal injuries, and line wrap

Table 2

Wilcoxon rank sum test (Mann-Whitney U-test) results for comparisons of
measured characteristics between landing methods (mesh landing net vs. vinyl-
coated sling) and hook configuration treatments (single vs tandem hooks).

Treatment Response variable N W- P

statistic

Landing method Number of fins damaged 58-57 224 < 0.0001
Fin damage severity 58-57 393 < 0.0001
Line wrap severity 48-46 1219 0.25
Dermal injury severity 58-57 677 < 0.0001
Eye damage (secondary 58-57 1767 0.37
assessment)
Bleed score (primary 58-57 1830 0.23
assessment)
Hook wound severity 58-57 1936 0.09
Hook Hook wound severity 60-60 1430 0.04
configuration
Release difficulty 50-47 972 0.01
Eye damage (Secondary 60-60 1950 0.27
assessment)
Bleed score 60-60 1765 0.81
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Table 3

Wilcoxon rank sum test (Mann-Whitney U-test) results for comparisons of
measured characteristics between landing methods and hook configuration
treatments. For pairwise tests, p-values were adjusted using Bonferroni
corrections.

Variable Comparison N W- p Adjusted
statistic p
Number of fins Mesh net — 57 - 3183 < 0.0001 < 0.0001
damaged VCP-net 60
Mesh net — 57 - 3082 < 0.0001 < 0.0001
sling 58
VCP-net —sling 60 — 1817 0.58 1
58
Fin damage Mesh net — 57 - 2941 < 0.0001 < 0.0001
severity VCP-net 60
Mesh net — 57 - 2913 < 0.0001 < 0.0001
sling 58
VCP-net —sling 60 — 1820 0.56 1
58
Line wrap Mesh net — 46 — 1060 0.01 0.04
severity VCP-net 60
Mesh net — 46 — 990 0.28 0.83
sling 48
VCP-net —sling 60 — 1607 0.23 0.68
48
Dermal injury Mesh net — 57 - 2709 0.002 0.006
severity VCP-net 60
Mesh net — 57 - 2629 0.0008 0.002
sling 58
VCP-net —sling 60 — 1891 0.38 1
58

injuries between the VCP-net and sling landing methods (all p,g; > 0.3;
Table 3). Further, the VCP-net resulted in fewer fins damaged (W =
3183, pagj < 0.0001), lower fin damage severity (W = 2941, paqgj <
0.0001) and less severe dermal injuries (W = 2709, pagj = 0.006) than
the mesh landing net. The VCP-net did, however, result in greater levels
of line wrap injuries than the mesh landing net (W = 1060, pagj = 0.04).
For fish that were landed with the VCP-net and the sling, dermal injuries
were driven by line wrap 73% and 52% of the time, while for the mesh
landing net, it was only 19% of the time.

The 2025 hook configuration treatment (Table 2) resulted in signif-
icant differences in hook wound severity (W = 1430, p = 0.040) and
release difficulty score (W = 972, p =0.01), with tandem hooks
resulting in hook wound scores of “two” or “three” 37% of the time,
relative to 22% for single hooks. Fish landed with tandem hooks had a
“difficult to release” hooking location 27% of the time, whereas for
single hooks it was 4%. There were no differences in bleed severity (W =
1765, p = 0.81) or eye damage (W = 1950, p = 0.27) between the hook
configurations (Fig. 4).

3.3. Mortality

3.3.1. Experimental treatments

In 2024, 20 fish became moribund prior to the end of the 10-day
experimental holds, with one immediate mortality amounting to
17.5% delayed mortality, and 18.3% total observed mortality. If a fish
was landed with a mesh landing net, it had higher hazard of delayed
mortality than fish landed with a vinyl sling (Fig. 5A; HR = 2.66,
p = 0.046; z = 1.99; 95% CI: 1.63 - 4.34). Total observed mortality for
fish landed in a mesh net was twice as high relative to those landed in a
sling (24% vs. 12%), however, this was not significantly different based
on our analyses (p = 0.08). In 2025, 9 fish became moribund prior to the
end of the experimental holds with four immediate mortalities (delayed
mortality: 8%; total observed mortality: 11%). Both delayed mortality
(p = 0.7) and the total observed mortality (p = 0.4) did not differ be-
tween single and tandem hook configurations (Fig. 5B), although the
total observed mortality was 15% for tandem hook configurations
relative to 9% for single hooks. In 2024, the random effects of tank
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Fig. 4. Comparisons of a subset of injury types between the landing treatments (2024: mesh net [n = 57], sling [n = 58]; 2025: VCP-net [n = 60]) and hook
configuration types (single [n = 60], tandem [n = 60]). For the landing methods, A) the number of fins damaged, B) fin damage severity, C) the line wrap damage
and D) the dermal injury severity were compared. Note that for the line wrap damage comparison, the sample sizes for the mesh landing net and sling are reduced
(n = 46 and n = 48, respectively), due to the line wrap score not being taken until it was observed to be occurring frequently. 2025 data was limited to only include
the fish that were landed with single hooks (n = 60). For the hook configurations, E) the hook wound score and F) the release difficulty grouping were compared.
Note that for the release difficulty comparison, samples sizes for the single and tandem groups are reduced (n = 50 and n = 47, respectively) due to hooks falling out

prior to a location being recorded.

nested within hold (variance = 0.22) and hold (variance = 0.42)
accounted for substantial variation, while in 2025 their impacts were
negligible (both variance < 0.001).

3.3.2. Injuries and intrinsic traits

Across both years, 28 fish became moribund before the 10-day
experimental hold ended and were euthanized with one additional un-
observed mortality, for a total of 29 (12.6%) mortalities occurring in the
tanks. Dermal injury was the strongest predictor of survival probability

throughout the experiments. If a fish had a dermal injury score of zero
(n = 78), the mortality was only 4%, while scores of one (n = 90) and
two (n = 67) had mortality of 9% and 38%, respectively (Fig. 6). Each
increase in dermal injury score amounted to a 6.34 times greater hazard
of mortality (HR = 6.34; p < 0.0001; z = 5.71; 95% CL 4.59 - 8.77).
Additionally, maturity had an inverse relationship with mortality, where
each increase in maturity level for a given sex resulted in 3.26 times
smaller hazard of mortality (HR = 0.31; p < 0.0001; z = —3.94; 95% CI:
0.23 - 0.41). The global test of the proportional hazards assumption
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Fig. 5. Predicted Kaplan-Meier plot of the total observed mortality A) with the
2024 treatment (mesh net [n = 57], vinyl sling [n = 58]) and B) with the 2024
treatment (tandem [n = 60] and single [n = 60] hook configurations). There
was a total of 21 mortalities in 2024 (18.2%) and 13 mortalities in 2025
(10.8%). Error bars represent 95% confidence intervals for the mortality esti-
mates. Censored fish (shown by the “+7) in the final days representing the
difference in amount of time held for fish captured on different days (e.g. fish
captured on the third day of sampling could be held for a maximum of 11 days).

Table 4

List of the degrees of freedom used and the corrected Akaike Information Cri-
terion (AICc) between the candidate Cox Mixed-Effects models of delayed
mortality in the held coho salmon. Delta AICc and the AICc weights are also
shown. The model with the lowest AICc was selected for use in the analysis.

Predictor variables df AlCc Delta AlCc
AlCc weight

Dermal injury + maturity (numeric) 2.0 259.1 0.0 0.866

Dermal injury + maturity (ordinal) 40 2631 4.1 0.113

Dermal injury + hook wound 51  269.0 9.9 0.006
(ordinal)

Dermal injury 3.1 269.6 10.5 0.005

Dermal injury + natural wound 42 2703 113 0.003
(binary)

Dermal injury + sex 42 2703 11.3 0.003

Dermal injury + eye damage (binary) 41 2719 128 0.001

Dermal injury + gill condition 41 2720 13.0 0.001
(binary)

Dermal injury + fork length (scaled) 41 2721 13.1 0.001

Dermal injury + bleed score (ordinal) 5.0 2747 157 0.000

indicated no violations were present (p = 0.31). Further, this model had
high discriminative ability (Harrell’'s C = 0.86), highlighting the
importance of these factors on the survival outcome of coho salmon.
Random effects demonstrated minimal variation between tanks nested
within hold experiment, and additional minimal variation between
holds (variance < 0.001).

In addition to the delayed mortality that occurred during observation
in the tanks (n = 29), five fish were dead upon landing, amounting to 34
total observed mortalities (14.5%). As with the delayed mortality
models, severity of dermal injury and maturity played important roles in
predicting the survival of coho salmon (Table 6). Each unit increase in
dermal injury score resulted in 6.59 times greater odds of mortality at a
given maturity and bleed level (OR = 6.59; p < 0.0001; 95% CI: 3.17 —
13.71; Fig. 6A). Further, each unit increase in maturity level resulted in
approximately 3.39 times lower odds of mortality at a given dermal
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Table 5
List of the degrees of freedom used and the corrected Akaike Information Cri-
terion (AICc) between the candidate generalized linear models of the total
observed mortality of captured coho salmon. Delta AICc and the AICc weights
are also shown. The model with the lowest AICc was selected for use in the
analysis.

Predictor variables df  AlCc Delta AlCc
AICc weight
Dermal injury + maturity + secondary 4 146.0 0.0 0.480
bleed score (binary)
Dermal injury + maturity + fork length 4 1479 1.9 0.185
(scaled)
Dermal injury + maturity + hook wound 5 148.0 2.0 0.177
(ordinal)
Dermal injury + maturity 3 150.0 4.1 0.063
Dermal injury + maturity + gill condition 4 151.4 54 0.032
(binary)
Dermal injury + maturity -+ transfer 4 151.4 54 0.032
(binary)
Dermal injury + maturity + eye damage 4 151.4 55 0.031
(binary)
A
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Fig. 6. Predicted Kaplan-Meier plot of the total observed mortality A) with the
dermal injury severity (0 [n=91], 1 [n=105], 2 [n=39]); B) with the
maturity score (0 [n = 58], 1 [n = 116], 2 [n = 60]) and C) with the secondary
bleed level (0 [n=186], 1 [n = 49]). Error bars represent 95% confidence
intervals for the mortality estimates, but these are individually calculated for
each plot and thus do not reflect the full complexity of the models. Censored
fish (shown by the “+”) in the final days representing the difference in amount
of time held for fish captured on different days (e.g. fish captured on the third
day of sampling could be held for a maximum of 11 days).

injury and bleed level (OR = 0.30; p < 0.001; 95% CI: 0.15 - 0.58;
Fig. 6B). The secondary bleed assessment was also a significant predictor
with bleed presence resulting in 3.29 times greater odds of mortality (OR
= 3.29; p =0.017; 95% CI: 1.24 - 8.70; Fig. 6C). This model had low
discriminative ability (Tjur’s R? = 0.27) demonstrating large variability
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Table 6

Output of generalized linear mixed-effects model.
Variable Odds z p Lower Upper

ratio 95% CI 95%CI

Intercept 0.043 —5.51 < 0.0001 0.014 0.131
Dermal injury 6.595 5.05 < 0.0001 3.17 13.71
Maturity 0.295 —-3.57 0.00035 0.15 0.58
Secondary bleed 3.278 2.38  0.017 1.24 8.70

score (binary)

in the capture event and factors that predict mortality.
4. Discussion

We examined the short-term mortality associated with coho salmon
CR in the marine recreational troll fishery using experimental holding
studies of the longest duration to date, which demonstrated higher
delayed mortality than previous holding studies. Most mortality
occurred between three and eight days, which was beyond the 24-hour
timeframe that was the benchmark of previous management-focused
holding studies (Cox-Rogers and Rupert 2004a, 2004b), suggesting
these earlier studies stopped their observations before a large portion of
the mortality would have occurred. This pattern was also observed by
Teffer et al. (2017) and Zinn et al. (2026), who found with their
post-release mortality holding studies that most mortality in sockeye
(O. nerka) and Chinook salmon (O. tshawytscha) occurred at three to ten
days, and three to five days, respectively. These results demonstrate the
importance of longer lab holding studies when examining CR mortality
to ensure that latent impacts are adequately observed.

We found that dermal injury (damage to the fins and scales) was the
strongest predictor of post-release mortality. With each unit increase in
dermal injury score, the odds of mortality increased by a factor of > 6, at
a given maturity and bleed level. In fact, all of the fish that died before
the end of the experiments had some level of dermal injury. This strong
dermal injury phenomenon has been observed in studies examining CR
in the recreational fishery for Chinook salmon (Hinch et al., 2024; Zinn
et al., 2026) as well as for other teleost fishes (Barthel et al., 2003; Olsen
et al., 2012). This same strong effect of dermal injuries on CR mortality
has also been observed with commercial Pacific salmon fisheries in
marine (e.g. Raby et al., 2015b; Cook et al., 2018a) and freshwater en-
vironments (e.g. Teffer et al., 2017; Bass et al., 2018; Prystay et al.,
2025). Scales, mucus, and intact integument play important roles in
osmoregulation (Zydlewski et al., 2010; Bass, 2018), infection defence
(Svendsen and Bggwald, 1997; Fast et al., 2002; Baker and Schindler,
2009; Dash et al., 2018; Reverter et al., 2018), and homeostasis (Bass,
2018). Thus, there are several physiological mechanisms through
which mortality could ensue when dermal injury occurs.

Dermal injuries were most severe when particular landing methods
were used. Specifically, fish that were landed with a mesh landing net
had the highest levels of dermal injury compared to the other landing
methods. Landing nets, even those believed to be “fish friendly”, are one
of the main causes of fin damage and scale loss in marine Pacific salmon
(especially when knotted; Lunzmann-Cooke et al., 2026), and in other
species (bluegill, Lepomis macrochirus [Barthel et al., 2003]; barramundi,
Lates calcarifer [De Lestang et al., 2008]). We found that fish landed with
mesh landing nets had a higher hazard of delayed mortality than those
landed with the sling. The “fish-friendly” mesh landing net caused scale
loss and injuries to fins as the mesh splits the fins, occasionally to the
base, causing open wounds. This has been observed for both
rubber-coated and weaved nylon nets (Zinn et al., 2026). The use of
mesh landing nets causing fin and scale damage has been observed
across fisheries, but the potential for dermal injury may be reduced if the
fish is not forced into the mesh during netting. In the recreational troll
fishery, it is common for anglers to remove the fish from the water
following netting, or, if the fish is not removed from the water, to keep
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the vessel in motion while the fish remains in the net. Both have the
potential to increase the amount of dermal injury during netting as the
fins and scales are pressed into the mesh where the damage occurs. This
may be avoided in fisheries where there is no water motion, nor any
need to bring the fish out of the water (e.g. shore-based casting fish-
eries), where the fish may have reduced contact with the net mesh and
thus reduced dermal injury severity. Despite the potential for the impact
of mesh landing nets to be reduced in the context of these fisheries, coho
salmon often move and attempt to escape from within the net, making
some amount of dermal injury inevitable when a mesh landing net is
used.

Though dermal injury severity was worse for the mesh landing net,
the modified landing net (VCP-net) had more severe line wrap injuries.
Line wrap injuries occurred during capture, where hooked coho salmon
rotated their body during the fight rather than typical “runs”. In doing
so, the fishing line wraps around the body of the individual and damage
fins, scales and mucus. While typically this occurs during the fight, this
injury type can also occur during handling, and appears to have been
influenced by our sampling tools. Line wrap may have been limited in
mesh landing nets that would capture fins within the mesh and limit
rotation or rolling within the net, limiting the movement known to drive
this injury type, and decreasing the prevalence of line wrap in fish
landed with the mesh net. Further, the majority of dermal injuries in fish
that were landed with the VCP sling and the VCP-net were a result of line
wrap, where fish were more freely able to move, without the restrictive
mesh. These line wrap injuries caused patterns of scale loss similar to
those that have been observed in gill net fisheries, which are known to
have particularly high release mortality rates (Prystay et al., 2025).

Different hook types and sizes can have differential effects to injury
and survival of released fish (Bartholomew and Bohnsack, 2005; Alos
et al., 2008; Clarke et al., 2021; Hinch et al., 2024; Lunzmann-Cooke
et al.,, 2024; Akca et al., 2025; Zinn et al., 2026; Danylchuk et al.,
2026). For example, treble hooks generally create more severe injuries
for released fish (Clarke et al., 2021; Zinn et al., 2026), while large single
hooks can reduce the frequency of hook swallowing thus reducing in-
juries to internal organs and being easier to remove (Carbines, 1999).
However, particularly large hooks can increase the prevalence of eye
injuries as the hook tip may penetrate the eye socket from inside the
mouth, and this has been shown to elevate mortality rates of released
Chinook salmon (Hinch et al., 2024). We found that hook wound
severity and release difficulty scores were greater for coho salmon
landed with a tandem hook configuration than with a single hook.
Nevertheless, there was no strong effect of hook configuration on release
mortality which is likely an artefact of how the hooks were removed. All
fish were unhooked in the benign environment of the transport tank,
where there is no current nor any tension on the fishing line. In a typical
recreational fishery, hooks would be removed while the fish is alongside
the vessel, and the fishing line is under tension, which could increase the
severity of hooking injuries, particularly for tandem hooks and “diffi-
cult” to release hooking locations. Together, this suggests that tandem
hooks used in a recreational fishery would likely cause poorer release
survival than single hooks.

Despite our fish being up to two months from beginning their up-
stream spawning migrations, maturity level strongly influenced the
survival of released fish, with more mature fish (based on GSI) being less
likely to exhibit mortality during the holding study. This has also been
observed with CR of chum salmon (O. keta) in the commercial fishery
(Cook et al., 2018b; Prystay et al., 2025). As Pacific salmon mature, their
skin gets thicker and scale resorption occurs resulting in greater resis-
tance to physical injury of the integument (Robertson and Wexler, 1960;
Kacem et al., 1998). This is one of the first studies to demonstrate how
ocean maturation can play a role in CR survival, revealing that terminal
marine recreational fisheries (those close to river mouths of target
populations) may have lower impacts on populations than those further
from river mouths, by reducing CR mortality.

In partner studies, Lunzmann-Cooke et al. (2024), (2026) used
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telemetry tracking to examine the impacts of CR on the post-release
mortality of recreationally captured coho salmon. As with our study,
they found that scale loss was an important determinant of mortality,
however, their levels of post-release mortality were generally much
higher at a given time interval than we found. For example, mortality
levels for their “best condition” fish (i.e. no air exposure, no bleeding, no
eye injuries, minor scale loss if any) following an ~50 km (3-to—5-day)
migration after release was ~ 17% and for their poorest conditioned fish
(e.g. > 30 s air exposure, one or more of: severe bleeding, severe scale
loss, eye damage) was ~ 48% (Lunzmann-Cooke et al., 2026). After
9-10 days post-release migration, their best conditioned fish exhibited
40% mortality. All fish collected by Lunzmann-Cooke et al. (2024),
(2026) were landed using a mesh net, which our results indicate leads to
dermal injury, and thus elevated mortality. In our study, where we
avoided using landing nets for many of our fish, we witnessed fish in
better condition than in Lunzmann-Cooke et al. (2026) and we found
that our “best condition” fish (dermal injury = 0), had only 4% total
observed mortality (n = 3, immediate mortalities with severe bleeding),
highlighting the effects of landing nets, and the potential for anglers to
keep CR mortality relatively low. While these mortality estimates are not
directly comparable since Lunzmann-Cooke et al. (2024), (2026) used a
spatially defined estimate, this discrepancy in mortality at a given time
interval, indicates that avoiding the use of mesh landing nets may
greatly reduce the impacts of CR on coho salmon.

In another recent study which examined the short-term survival of
Chinook salmon using holding experiments, whose methods we
emulated, Zinn et al. (2026) found overall mortality levels of Chinook
salmon to be 31%. All Chinook salmon in their study were landed with a
mesh net, as in Lunzmann-Cooke et al. (2024), (2026). In our study,
coho salmon that were landed with a mesh net experienced 24% mor-
tality. The slightly higher mortality observed in Zinn et al. (2026) could
reflect the additional handling of fish, wherein individuals were moved
with nets two or three times during transport and experiments. We
adapted our handling protocols, and all fish were transferred between
tanks using the VCP sling, which was shown to decrease the associated
injuries. Additionally, Zinn et al. (2026) found that the Chinook salmon
with “minor” injuries at capture (i.e. low levels of dermal injury, no eye
damage, minimal bleeding) had only 11% mortality through the holds.
This is nearer the 4% mortality level of coho salmon in our study that
had no dermal injury. The differences in mortality for netted fish, and
the similarity in mortality for fish with low dermal injury severity, be-
tween studies further supports the fact that avoiding mesh landing net
use may allow for low levels of CR mortality.

Fish size can also play a role in CR mortality with smaller fish being
generally more likely to experience delayed mortality. For every 1 cm
decrease in fork length, the odds of post-release mortality increase by
1.06 times for tagged and tracked coho salmon (Lunzmann-Cooke et al.,
2024). Additionally, Zinn et al. (2026) found that a 14 cm (one standard
deviation) increase in fork length reduced the odds of immediate mor-
tality in held Chinook salmon by 64% and the hazard of delayed mor-
tality by 33%. Based on plasma lactate and pH levels arising from
angling events, Van Wert et al. (In prep) found that smaller coho salmon
have poorer metabolic recovery than larger fish, which could be one
reason why smaller fish have increased delayed mortality. The coho
salmon we studied were ~12.0 cm larger than the fish included in both
Lunzmann-Cooke et al. (2024) and Zinn et al. (2026), which may explain
why we did not find any size effects related to CR mortality. Hinch et al.
(2024) also found that large Chinook salmon were less likely to suffer CR
mortality than smaller fish.

This study demonstrated that minimal survival-related impacts of
recreational CR fishing on the short-term survival of released coho
salmon is possible. Nonetheless, as is inherent with a holding study, the
mortality rates may not be reflective of post-release mortality following
a CR event for coho salmon. The mortality rate may be artificially low
due to lack of predation. This removes the potential mortality of eye
injuries, which are known to decrease survival in telemetry studies
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(Hinch et al., 2024), and other sublethal effects such as physiological
disturbance (Wood et al., 1983) that can alter foraging and behaviour
(Halttunen et al., 2010; Stalhammar et al., 2012). Conversely, mortality
rates could be artificially high due to increased stress inherent with the
handling and non-natural environment, as well as densities that are
higher than in the ocean, resulting in greater transfer of pathogens
(Delfosse et al., 2021). Further, it was not feasible within this study to
include control fish that did not undergo the capture event, and thus the
mortality due to the transfer and handling methods could not be
determined. Therefore, it is important to note that the aim of this study
was not to provide an estimation of coho salmon post-release mortality,
but to provide insight into the capture methods that may increase sur-
vival, and the injuries that decrease survival.

4.1. Management implications and conclusions

Our key findings were that in the recreational troll fishery, mesh
landing nets (even those considered “fish-friendly”) can cause signifi-
cant levels of dermal injury (scale loss and fin splitting), and that the use
of tandem-hooks increases hooking injuries and release difficulty,
thereby increasing dermal and hook-related injuries particularly if a net
is used, which can entangle with either of the hooks. Our work high-
lights the importance for anglers to adopt fishing approaches which
minimize physical contact with the fish’s dermal surface at capture to
reduce CR mortality, as others have also recommended as a best practice
in Pacific salmon fisheries (Cook et al., 2018a; Lunzmann-Cooke et al.,
2024; Prystay et al., 2025; Zinn et al., 2026). We specifically recommend
that anglers avoid using mesh landing nets and tandem hooks when
fishing for coho salmon if CR is a potential outcome. The best approach
for releasing would be without any net, using a single hook, and at the
waterline using pliers or gaffs (see https://www.sportfishing.bc.ca
/release-them-right). If a net must be used, we developed and tested a
net that was far less damaging (the VCP-net) than the mesh net, resulting
in fewer fins damaged, lower severity of fin damage, and reduced levels
of dermal injury overall. Further, the dermal injuries that did occur
using this device would likely be limited in typical fishing situations,
where additional scientific assessments would not occur, limiting the
time spent within the landing device. Our results demonstrated that CR
mortality of coho salmon may be as low as 4% if best practices are fol-
lowed. There are regulations in Washington state wherein any salmon
that is not legal to retain must be released without being brought out of
the water (WDFW, 2025). We would advocate for regulations of this
type in Canada, along with regulations against the use of landing nets if
fish must be released, to ensure that when selective fishing is required,
CR can be effectively used to meet species- and population-specific
conservation goals.
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