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ARTICLE INFO ABSTRACT

Handled by A.E. Punt The use of acoustic telemetry is steadily expanding to help answer questions related to habitat use, movement,
and behavior of fishes. Significant time and resources are invested to start acoustic telemetry studies; therefore,

Keywords: careful planning is needed to limit post-release mortality of tagged individuals. Deep, cold-water species present

Lake Trout additional challenges to acoustic tagging because of changes in temperature and pressure experienced during

Acoustic Telemetry
Great Lakes
Survival

Angling

capture. The objective of our study was to determine if capture method, surface water temperature, water depth,
or fish size influenced short-term post-release survival of a deep, cold-water species, Lake Trout Salvelinus
namaycush. In 2023, 299 Lake Trout were captured with angling or gillnets across Lake Ontario (Laurentian Great
Lake — U.S. & CAN) and surgically implanted with acoustic transmitters. We estimated 30-day post-release
mortality and 24-h post-release distance traveled for tagged Lake Trout. We used Cox proportional hazards
models to identify factors affecting survival probability and multiple linear regression to identify factors affecting
post-release distance traveled. Thirty-day post-release mortality was minimal (9.03 %, 27/299 Lake Trout);
however, mortality was 6.37 times more likely for Lake Trout captured in gillnets compare to angling
(p =0.003). Lake Trout length had a marginally significant effect on mortality (p = 0.052) but capture depth and
temperature did not (p > 0.05). Lake Trout post-release distance traveled was not significantly influenced by
capture gear, depth, temperature, or Lake Trout length (p = 0.61). Our results indicate that tagging-induced post-
release mortality is minimal for Lake Trout tagged in the spring, but survival can be increased by avoiding use of
gillnets.

1. Introduction management (Brooks et al., 2017; Brownscombe et al., 2022; Crossin
et al., 2017; Jacoby and Piper, 2023) but the current high cost of this

Increasingly, biologists seek to understand environmental and technology is limiting (Brownscombe et al., 2019; Klinard et al., 2025).
anthropogenic influences on behavior and movement of wild fishes The high cost of acoustic telemetry (>$4000 USD/ acoustic receiver and
using advanced technology such as acoustic telemetry. Acoustic telem- >$400/acoustic tag) reinforces cost saving via operational efficiencies
etry is well suited for a variety of questions involving fisheries (e.g., fish collection) and requires proper planning and execution to
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ensure the study’s success. Additionally, the success of acoustic telem-
etry studies, in part, relies on low post-release mortality of tagged fish. If
acoustic tagged individuals die from capture and handling shortly after
release, data will be of little value and the mortality will be unknown
until data are downloaded from acoustic receivers, which typically oc-
curs seasonally or annually. Capture, handling, and surgical techniques
can affect post-release behaviors and ultimately, survival of tagged fish,
therefore, identifying standard methods that maximize survival are
imperative.

Standardization of acoustic tagging surgeries has been well adapted
and is commonly required for animal health standards (Bridger and
Booth, 2003; Cooke et al., 2013, 2011), but best practices for capture of
fish for acoustic tagging is less reported. Factors such as capture gear
type, abiotic conditions (e.g., water temperature, and depth), and
physiological attributes (e.g., fish size) are important to consider before
capturing fish and performing any acoustic tagging surgeries. Many
types of fisheries capture gears (e.g., angling, trap nets, electrofishing,
and gillnets) and associated handling (e.g., air exposure) are well known
sources of sublethal impacts and fishing mortality (reviewed in Davis,
2002 and Brownscombe et al., 2017; Roth et al., 2018). For example,
capture gears can negatively affect the health of captured fish by
damaging essential structures (e.g., gills) and triggering physiological
responses (e.g., changing blood chemistry), which can lead to
post-release mortality (Farrell et al., 2000; Manire et al., 2001). Spe-
cifically, gillnets can lead to high post-release mortality, and sublethal
effects from gillnets can be prolonged, changing fish behaviors (e.g.,
lethargy) or causing delayed mortality (Bell and Lyle, 2016; Broadhurst
and Cullis, 2020; Cook et al., 2019; Ng et al., 2015; and Rulifson, 2007).
In comparison, angling (i.e., hook and line) tends to be less harmful,
potentially leading to lower short-term post-release mortality and
limited delayed mortality (Chopin et al., 1996; Martins et al., 2018).
Furthermore, environmental conditions can exacerbate stress in tagged
fish, especially at times of the year when water temperatures rise, and
dissolved oxygen concentrations decrease (Keretz et al., 2018; Lee and
Bergersen, 1996; Robichaud et al., 2024). Limiting changes in depth and
temperature experienced by captured fish should also decrease stress
and ultimately, mortality (Howell et al., 2024; Madden et al., 2024;
Schramm et al., 2010). Finally, fish size influences selection of appro-
priate acoustic tag size (e.g., see Jepsen et al., 2005 for discussion of the
“2% rule”), but it should also be considered when targeting fish for
capture. For example, when angled, larger individuals may have higher
post-release mortality and increased stress compared to smaller con-
specifics (Howell et al., 2024; Meals and Miranda, 1994), in part because
larger fish can take longer to retrieve, increasing the physiological stress
response (Meka and McCormick, 2005).

Considerations for capture methods are species and context-specific
and will need to be adjusted depending on the physiological constraints
of the target species, the gear used, and environmental conditions (Raby
et al., 2015). For example, freshwater Lake Trout (Salvelinus namaycush)
are a deep, cold-water piscivore native to North America that are
capable of occupying depths exceeding 300 m (Jasonowicz et al., 2022).
The extreme depths and thermal preferences (~4-10°C; Jasonowicz
et al., 2022; Ivanova et al., 2024; Raby et al., 2020) of Lake Trout make
this species potentially difficult to capture and tag without causing
mortality. To limit depth and temperature induced stress, Lake Trout are
commonly acoustic tagged by exploiting times of the year when Lake
Trout are aggregated in shallow depths (<10 m) and the water column is
isothermal (e.g., autumn — spawning season; Gatch et al., 2021; Marsden
et al., 2016; Pinheiro et al., 2017). However, some studies necessitate
capturing Lake Trout outside of the spawning season depending on study
objectives (Funnell et al., 2023), and concerns about tagging Lake Trout
in stressful conditions (deep, variable temperatures) may be ameliorated
by two factors. First, Lake Trout are physostomous, meaning they can
regulate their swim bladder through their gastrointestinal tract, and thus
should be able to account for differences in pressure when captured from
depth (Howell et al., 2024; Saunders, 1953). Second, Lake Trout
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commonly make foraging forays above the thermocline, therefore, are
somewhat tolerant of warmer water temperatures (e.g., > 15 °C, Gal-
lagher et al., 2018; Jasonowicz et al., 2022).

In this study, we quantified short-term post-release mortality and
identified factors that affect survival of acoustic tagged Lake Trout in
Lake Ontario, one of the largest freshwater lakes in the world that
contains an extensive acoustic receiver array. Specifically, our objectives
were to: 1) quantify short-term post-release mortality of acoustic tagged
Lake Trout, 2) determine if gear type, water depth, water surface tem-
perature, or Lake Trout length had an effect on short-term post-release
survival probability, and 3) determine if gear type, water depth, water
surface temperature, or Lake Trout length had an effect on 24-h post-
tagging movements. Results from our study can be used by others
tagging deep, cold-water fishes to inform capture gear selection and
thus, potentially limit capture and tagging related mortality.

2. Methods
2.1. Study location

Lake Trout were captured, acoustic tagged, and monitored in Lake
Ontario, a Laurentian Great Lake (surface area ~19,000 km?, max depth
- 244 m) bordered by the United States and Canada (Fig. 1). To monitor
tagged Lake Trout, the 2023 Great Lakes Acoustic Telemetry Observa-
tion System (GLATOS) acoustic telemetry array was used, and included
545 acoustic receivers (69 kHz Models VR2W, VR2TX, & VR2AR; Innova
Sea, Halifax, NS) that were positioned in depths from 0 to 206 m and
covered the extent of Lake Ontario (Fig. 1). Spacing between acoustic
receivers varied depending on project-specific GLATOS arrays but in
general were situated between 6 and 15km grid spacing (Fig. 1). Re-
ceivers were retrieved, data downloaded and redeployed annually. Since
no evidence exists to suggest Lake Trout migrate outside of Lake Ontario,
the tagged Lake Trout were considered to be from a closed population
and removal from the system was assumed to be through recreational
harvest.

2.2. Lake Trout tagging

Lake Trout were captured via angling and gillnetting by the Ontario
Ministry of Natural Resources (OMNR), U.S. Geological Survey (USGS),
U.S. Fish and Wildlife Service (USFWS), New York State Department of
Environmental Conservation (NYSDEC), and Fisheries and Oceans
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Fig. 1. The 2023 Lake Ontario acoustic telemetry array and Lake Trout tagging
locations. Grey points are individual acoustic receivers, and colored points
represent the gear type used and the number of Lake Trout (>500 mm TL)
tagged in that location.
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Canada (DFO) in different regions of Lake Ontario during spring 2023
(Fig. 1). The Lake Ontario Lake Trout population is maintained through
a binational stocking program and hatchery-origin Lake Trout account
for the majority of the population (~97 % hatchery origin; O’Malley
et al., 2023). Tagging occurred from the months of April-June in each
year when surface water temperatures were < 18°C. Before Lake Trout
were tagged, fish were examined for hatchery fin clips and coded wire
tags, a small fin and gill clip were taken and stored in 95 % ethanol for
genetic strain identification and sex assignment, and total length (TL)
was recorded. A minimum TL of 500 mm was used as a threshold
because reproductively mature adult Lake Trout were the target for a
separate spawning habitat identification project undescribed in this
study.

Angling of Lake Trout occurred on professional fishing charters
where Lake Trout were caught using rod and reel attached to down-
riggers fished 1-2 m above the bottom of the lake (although some fish
were caught higher in the water column on occasion). Lake Trout were
captured via trolling at ~3 km/hr and the vessel was not slowed to
retrieve the Lake Trout. The depth the Lake Trout was captured at was
recorded for each fish. Trolling spoons with a single barbed (USA) or
barbless (Canada) treble hook were used as lures. Once hooked, retrieval
methods were standardized among each agency, Lake Trout were
brought to the surface within 5 min with a steady retrieval and netted
into the fishing vessel. Lake Trout that were hooked in the gill or
esophageal region and bleeding from the gills were not acoustic tagged
because hooking in this region significantly reduces survival (Loftus
et al., 1988; Sitar et al., 2017). Once landed, angled Lake Trout were
sampled as indicated above, and then placed in a surgical sling with
water irrigated over the gills, acoustic transmitters were surgically
implanted, and an external anchor tag inserted. After tagging and pro-
cessing, Lake Trout were quickly assessed for recovery to equilibrium in
a holding tank (150 L) with fresh aerated water, and then immediately
released with minimal holding times (~180 s for sampling and sur-
geries). Angled Lake Trout were exposed to air during surgery. If Lake
Trout showed signs of barotrauma (e.g., bloated gut cavity, loss of
equilibrium), fish were ‘burped’” by gently compressing the abdomen
until gas escaped through the esophagus.

Gillnets used to catch Lake Trout were multifilament, contained four
30 m panels, mixed size 65-89 mm mesh (stretch), and fished in over-
night sets (~24-h). The use of multifilament with small stretch mesh
(65-89 mm) was intended to entangle Lake Trout by the teeth and
maxillary structures rather than ensnare and potentially injure the gills
of Lake Trout, although some collected Lake Trout did become fully
entangled in the gillnet. Any Lake Trout with visible damage to gills or
operculum were not tagged (e.g., bleeding or torn operculum). Gillnets
were lifted from the water with hydraulic net lifters or by hand. When
more than one Lake Trout was captured in a gillnet, all Lake Trout from
that individual net were held in aerated tanks (568 L) on the research
vessel (up to 1-hr) until each fish could be processed and tagged
(~180 s/fish) using the same methods as angled Lake Trout. Holding
tank water was directly pumped (flow through) from the surface water
of the lake and as such, had the same water temperature. Gillnet
collected Lake Trout were exposed to air during disentanglement from
gillnets before being placed in holding tanks and during surgery. Lake
Trout were immediately returned to holding tanks after surgery and
assessed for recovery to equilibrium before being released.

A total of 320 Lake Trout were tagged with surgically implanted
acoustic transmitters in 2023 (V16-P (capable of recording pressure/
depth) or V16; Innova Sea, Halifax, NS; Table 2). At 50 % detection
efficiency, V16 and V16-P acoustic tags had a ~1.5 km detection radius
(Klinard et al., 2019), transmitted randomly at intervals of 60-180 s,
and had an estimated battery life of 10 years (Innova Sea, Halifax, NS).
Tagging of Lake Trout followed procedures similar to Gatch et al.
(2022), (2021) and Ivanova et al. (2021) with exception of the method
of anesthetization. Briefly, Lake Trout were immobilized using electric
fish handling gloves (5-15 mA; Smith-Root, Vancouver, WA), gills were
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constantly irrigated with water, a 30 mm incision was made adjacent
and parallel to the linea alba, an acoustic transmitter was inserted into
the coelomic cavity, the incision was closed with 2-3 simple interrupted
sutures using absorbable suture material (PDO II, 3-0; Oasis, Mettawa,
IL), an external anchor tag (Floy Manufacturing) was inserted in the
dorsal musculature just posterior to the dorsal fin, and the fish was
released after a brief (<60 s) check for equilibrium in a 150 L holding
tank. Tagging was completed in ~ 180 s per Lake Trout. Lake Trout that
would not recover after surgery and release (i.e., no swimming vigor,
lack of equilibrium) were euthanized, and not used in the study. Because
of the expansive distribution of Lake Trout capture locations, not all
Lake Trout were released within the detection radius of an acoustic
receiver and therefore, detection data were not immediately available
for all tagged Lake Trout.

2.3. Fate assignment

Acoustic detections were used to interpret the fate (survival/mor-
tality) and time-to-fate for each tagged Lake Trout. Detection data were
available from the period of April 2023 through November 2024. First,
detection data were filtered to remove any false detections using the
“glatos” package in R (Holbrook et al., 2024), using a minimum lag
threshold of 1-h. Next, mortality events were interpreted using the same
rules as Gatch et al. (2022), where Lake Trout that had continuous de-
tections on a single or neighboring receiver for more than seven
consecutive days were interpreted as a mortality. Additionally, if a Lake
Trout was tagged with a V16-P transmitter that recorded depth of fish,
and the depth of the Lake Trout did not change +2.0 m over a seven-day
period, that fish was interpreted as a mortality. Any Lake Trout that was
detected during the 30-day post-release period, but detections stopped
before day-30, and never was detected again over the extent of detection
data (April 2023 - November 2024), was also considered a mortality.
Finally, any Lake Trout that was never detected in 2023, was interpreted
as a mortality. It is important to note that mortality, tag loss, and tag
malfunction cannot be differentiated by data analysis, therefore, mor-
tality may be overestimated due to the grouping of these three
occurrences.

2.4. Statistical analysis

Nonparametric Mann-Whitney U tests were used to determine if
capture depth, surface temperature, or TL of Lake Trout (dependent
variables) differed between capture gear types (independent variables)
and tested at a significance of a = 0.05. A nonparametric Mann-Whitney
U test was used because dependent variables did not follow a normal
distribution and assumptions for parametric tests were violated (e.g.,
One-Way Analysis of Variance; ANOVA). Survival probability was then
estimated over a 30-day period for Lake Trout captured and tagged in
2023 using acoustic telemetry detections. A 30-day period was selected
because the objective of the study was to quantify post-release mortality
caused by capture gear (i.e., a component of fishing mortality), not by
natural causes (e.g., Sea Lamprey Petromyzon marinus predation). For
the purposes of this study, it was assumed that any mortality after 30
days post-release was likely unrelated to capture. A multivariate Cox
proportional hazards model (a time-to-event based model) was used to
determine if capture depth, capture gear, surface temperature, acoustic-
tagger, and Lake Trout TL had a significant effect on post-release mor-
tality of tagged Lake Trout (Cox, 1972; Koeberle et al., 2023; Paulic
et al., 2025; Sauls, 2014). The interaction between surface temperature
and depth of capture was also tested since these variables have been
reported to significantly increase post-release mortality (Sitar et al.,
2017). For gillnet captured Lake Trout, the exact capture depth of an
individual fish was not known because gillnets could extend over mul-
tiple depths. The average gillnet depth ((min depth + max depth) / 2)
was used to account for this discrepancy, but importantly, no gillnets
were set across depths with different atmospheric pressure gradients (i.
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e., atm’s). Capture method and acoustic tagger were correlated because
some taggers only used one method of capture, therefore, acoustic tag-
ger was removed from the survival analysis because all taggers were
trained experts. Although acoustic detection data was available for more
than 30-days post-release, we truncated the data set to only include the
first 30-days post-release for each individual Lake Trout. The “survival”
package with functions “coxph” and “Surv” were used in R to fit Cox
proportional hazards models (Therneau, 2024). A Martingale residual
plot was visually assessed on the three continuous variables (depth, TL,
& surface temperature) to confirm the linearity assumption for the Cox
proportional hazards model. To test for the proportional hazards
assumption, a Schoenfeld Test using the R function “cox.zph” was used
to test each predictor variable for proportional hazards ratios and all
variables had p > 0.05, confirming the assumption that hazards ratios
are proportional over time. Model selection was determined by ranking
all combinations of individual variables in the Cox proportional hazards
model with Akaike’s Information Criterion corrected for small samples
sizes (AIC,) using the “aictab” function in the “AICcmodavr” package in
R (Mazerolle, 2023). Only models with AAICc < 4 were reported for
brevity. All models were tested at a significance of a = 0.05. Survival
probabilities were visualized using a Kaplan-Meier time-to-event curve
generated in R using the “ggsurvfit” and “survival” packages (Sjoberg
et al., 2025; Therneau, 2024).

Distance traveled by Lake Trout 24-h after tagging was evaluated to
determine if capture conditions affected behavior. The straight-line
distance between the capture location, and the receiver with the first
detection after 24-h at large, was calculated for each fish using GPS
location. If a Lake Trout was not detected between 24 and 48 h of
release, it was not used for the analysis. A multiple linear regression was
used to determine if 24-h distance traveled (dependent variable) was
related to capture gear, depth, surface temperature, or TL (independent
variables) and tested at a significance of a = 0.05. All statistical analyses
were conducted using R statistical software (v4.4.0; R Core Team 2024).

3. Results
3.1. 30-day survival probability

A total of 320 adult Lake Trout were tagged in 2023 with 299 of those
Lake Trout containing enough data to model survival probability in the
first 30-days after release (Table 1). The 21 Lake Trout excluded from
analysis were missing capture data (e.g., water temperature or depth)
and were removed from the dataset rather than censoring. Over the 30-
day post-release period, 693,671 detections were collected from the 299
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Table 1
Mean + 1 sd and total length (TL;mm) of Lake Trout by collection method and
transmitter model (Innova Sea) tagged in Lake Ontario in 2023.

Tagging Date Gear Type Tag Model TL n
(mm)
4/21/2023 - 6/01/2023 Angling V16 757.4 +£127.8 68
VieP 745.4 +102.3 61
4/21/2023 - 5/09/2023 Gillnet V16 726.6 + 85.5 97
V1eP 743.1 +93.3 73
Total 299

Lake Trout. Lake Trout captured by angling or in gillnets had signifi-
cantly different TL (W = 12524, p = 0.035), collection surface temper-
atures (W= 4874, p < 0.001) and collection depths (W = 17987,
p < 0.001). Lake Trout captured with angling were slightly larger (an-
gling: 751.8 +116.3 mm, gillnet: 733.6 + 89.0 mm; mean =+ sd),
collected from deeper depths (angling: 34.9 + 12.1 m, gillnet: 21.4
+ 7.0 m; mean =+ sd), and colder surface temperatures (angling: 7.8
+ 3.2 °C, gillnet: 9.4 + 2.6 °C; mean + sd) compared to gillnet captured
Lake Trout (Fig. 3). Collection of angled Lake Trout was more efficient
8.6 fish/day (129 fish/15 days) compared to gillnet captured Lake Trout
5.2 fish/day (170 fish /33 days). After 30-days post release, 9.03 % (27
of 299) of Lake Trout were interpreted as mortalities. Mortality of tagged
Lake Trout over the 30-day period was not consistent between capture
gear (2.3 % 3/129 angling, 14.1 % 24/170 gillnet). Of the lake trout that
died, the highest single-day mortality, occurred on the day of tagging
(n =2/3, 66.7 % angling, n = 9/24, 37.5 % gillnet; Fig. 4).

When identifying factors that affected post-release mortality, the
most parsimonious Cox proportional hazards model included collection
gear type and TL as covariates (AICc = 291.39, AICcWt = 40 %;
Table 2). Cox proportional hazards models with AAICc < 2 included
covariates 1) collection gear, TL, and depth, and 2) collection gear, but
these models accounted for smaller AICc weights compared to the most
parsimonious model (AICcWt = 23 % and AICcWt = 17 %, respectively;
Table 2). In the highest ranked model (Survival ~ Gear + TL; Table 2),
capture gear had a significant effect on Lake Trout survival probability
and indicated that post-release mortality of Lake Trout captured in
gillnets was 6.37 times more likely compared to angling (Cox propor-
tional hazards: hazard ratio = 6.37, 95 % CI:1.98-21.19, p = 0.003) and
TL had a near-significant effect on Lake Trout survival probability
indicating that post-release mortality decreased with Lake Trout length
(Cox proportional hazards: hazard ratio = 0.99, 95 % CL: 0.99, 1.00,
p = 0.054). Depth, surface temperature, and the interaction between

Fig. 2. Incision site for acoustic transmitter surgically implanted in Lake Trout captured from Lake Ontario. Panel [A] shows a Lake Trout being tagged, [B] a newly
tagged Lake Trout, and [C] represents the healing process of a Lake Trout recaptured 84 days after tagging (Panels A, B, and C are not same fish).
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either angling or gillnets from Lake Ontario in 2023.

Table 2

Model validation using Akaike’s Information Criterion adjusted for small sample
sizes (AICc) on Lake Ontario acoustic tagged Lake Trout time-to-event multi-
variate Cox proportional hazards models. Variables include ‘Gear’ = capture
gear, ‘TL’ = total length, ‘Depth’ = capture depth, and ‘Temp’ = surface water
temperature. Models with AAICc > 4 are not shown.

Cox Proportional k  AICc AAICc  AICcWt  Cum. Log-
Hazards Model Wt likelihood
Gear + TL 2 291.39  0.00 0.40 0.40 —143.67
Gear + TL 3 292.52 1.13 0.23 0.63 —143.22
+ Depth
Gear 1 293.13 1.75 0.17 0.79 —145.56
Gear + TL 294.41 3.02 0.09 0.88 —143.14
+ Depth
+ Temp
Gear + Depth 2 294.76  3.38 0.07 0.95 —145.36

depth and surface temperature were not included in the highest ranked
model, and when tested in a Cox proportional hazards model, none of
these covariates had a significant effect on Lake Trout survival
(p > 0.05).

3.2. 24-h post-tagging movements

Days to first detection ranged from 0 to 26 days (mean = 1.6 days),
and a total of 171 Lake Trout had detections within 24-48 h of release.
The average straight-line distance 24-h after release was 6.3 & 3.6 km
(mean + sd) for angling and 7.2 + 4.7 km for gillnet captured Lake
Trout. The two covariates which significantly affected survival proba-
bility (gear type and TL), did not have a significant effect on total
straight-line distance traveled after release (Fig. 5) nor did capture depth
or surface temperature ®R? = 0.017, F4154) = 0.67, p = 0.61).

3.3. Recaptures

Recapture and release of tagged lake trout by recreational anglers
occurred twice in this study. Interestingly, one Lake Trout (ID: 201) was
originally captured with a gillnet, tagged, and 343 days later, was
recaptured by an angler at ~10 m depth and released (tagged 04/26/
2023 & recaptured 04/03/2024; Fig. 6). Lake Trout ID:201 survived
capture events with both gear types. Similarly, Lake Trout (ID:105) was
captured with angling, tagged, and 64 days later, recaptured by an
angler at 22.9 m depth and released (tagged 05/30/2023 & recaptured
08/02/2023). Both Lake Trout 201 and 105 survived two known capture
events and continued to be detected in Lake Ontario in 2024, which
supports the position that Lake Trout are capable of being captured and
released with relatively low post-release mortality.

4. Discussion
Short-term post-release survival of acoustic tagged Lake Trout was

high in this study (97.7 % angling and 85.9 % gillnet captured), how-
ever, Lake Trout captured in gillnets were over six times more likely to
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Fig. 6. Movements [A] and depth distribution [B] of a single acoustic-tagged Lake Trout in Lake Ontario (Lake Trout ID: 201) that was captured with a gillnet and
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die after release compared to angled Lake Trout. The added stressors and
increased holding time of gillnet captured Lake Trout may explain the
difference in survival probability compared to angled fish. For example,
gillnets can cause acute injuries (e.g., gill damage and blood loss) and
physiological disruption (e.g., hypoxia, acidosis) leading to rapid death
or chronic injuries (e.g., constriction of internal organs and stripping of
skin-mucus), which may cause delayed mortality (Cook et al., 2019; Ng
etal., 2015). Also, Lake Trout may have been entangled in gillnets for up
to 24 h before tagging, and injury to fish as well as physiological
disturbance increases with entanglement time (Buchanan et al., 2002;
Frick et al., 2010; Savina et al., 2016; Veneranta et al., 2018). In this
study, Lake Trout with acute gillnet injuries were not tagged, however
rapid mortality (i.e., mortality within the first day post-release) still
occurred (n = 9/24 gillnet Lake Trout). Exhaustion of fish in nets as well
as reduced oxygen availability in instances where gillnets impeded
respiration, may be an important factor leading to stress and post-release
mortality, therefore, minimizing duration of capture (soak length) and

handling should reduce the magnitude of detrimental capture stress and
ultimately, mortality (Cook et al., 2019, Ganias et al., 2023; Ng et al.,
2015).

In comparison to gillnet captured Lake Trout, angled Lake Trout
were reeled in for <5 min, tagged immediately upon capture, and were
not subject to the same capture and holding stressors as gillnet captured
Lake Trout. A steady rate in mortality after the first day post release (0.5
Lake Trout/day; 15/29 days) occurred over the next consecutive 29-day
post-release time with gillnet captured Lake Trout compared to angled
fish (0.03 Lake Trout/day; 1/29 days), supporting the supposition that
gillnets caused delayed mortality. Another source of stress experienced
by gillnet captured Lake Trout is that gillnet captures were held in tanks
on research vessels until tagging occurred (see Methods), unlike angled
fish. Although holding tanks were aerated and continuously supplied
with lake water, gillnet captured Lake Trout still could be held for
30-60 min before being tagged depending on the number of trout that
were collected in a gillnet. Stress associated with short-term holding of
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fish can cause exhaustion, decreased efficiency of the immune system,
and loss of physiological homeostasis, all of which can lead to delayed
mortality after release (Portz et al., 2006). Although holding exhausted
fish in on-board recovery tanks has also been used as a method to
facilitate physiological recovery of Pacific salmon Oncorhynchus sp.
(Farrell et al., 2001), the type of tanks used in our study have been
determined to be of little benefit (Farrell et al., 2000). There were also
significant differences between temperature and depth of Lake Trout
caught between the gillnets (warmer/shallower) and angling (colder/-
deeper), however, neither temperature nor depth were significant pre-
dictors of lake trout survival and thus, are less likely to explain the
difference in survival between gear types.

Lake Trout body size (TL) had a marginally significant effect on Lake
Trout survival probability suggesting larger Lake Trout may provide
better post-release survival. Increased post-release survival of larger size
classes of Lake Trout compared to smaller size classes was also observed
by Loftus et al. (1988) in Lake Trout from Lakes Michigan, Huron, and
Superior (Laurentian Great Lakes), but this is contrary to other fresh-
water species where larger fish have lower post-release survival (e.g.,
Largemouth Bass Micropterus nigricans, Meals and Miranda, 1994;
Rainbow Trout Oncorhynchus mykiss, Meka and McCormick, 2005).
Smaller Lake Trout caught in gillnets may have been more likely to
become entangled and suffer injury in gillnets compared to larger fish.
The discrepancy in survival by size may also be explained by the fact
that Lake Trout tagged in this study were selected based on a minimum
size (>500 mm). Inclusion of smaller sizes of Lake Trout may better
clarify the relationship between size and post-release survival. However,
if larger Lake Trout do in fact have better post-release survival, targeting
size classes may be possible as Lake Trout have been shown to segregate
spatially with juveniles (i.e., smaller individuals) inhabiting deeper
water in part to avoid predation by adults (Elrod and Schneider, 1987;
Zimmerman et al., 2009).

Although Lake Trout are a deep, cold-water species, rapid changes in
depth and water temperatures did not influence survival probability
during April-June. Since Lake Trout are physostomes, it was suspected
that capture depth would have little effect on mortality. In fact, results
from this study are supported by Loftus et al. (1988), Sitar et al. (2017),
and Howell et al. (2024) that determined capture depth had no effect on
Lake Trout post-release mortality. Observationally, when Lake Trout
experienced barotrauma, as determined by body cavity bloat, Lake
Trout could typically be compressed by hand to ‘burp’ air from the swim
bladder returning Lake Trout to a normal state of buoyancy. Conversely,
the lack of an effect of surface temperature on Lake Trout post-release
mortality is surprising given the results of others. For example, Sitar
et al. (2017) found that post-release mortality of Lake Trout in Lakes
Huron and Superior (Laurentian Great Lakes) significantly increased
with surface water temperatures, with mortality being as high as 76.4 %
when temperatures were greater than 16°C. Similarly, Howell et al.
(2024) noted that short-term mortality of released Lake Trout was
18.4 % during summer months (mean water temperature 18.6°C) but
fell to 0 % in the autumn (mean water temperature 13.2°C); conditions
that were more comparable to our study in which both gear treatments
averaged less than 10°C. Finally, Lee and Bergersen (1996) found that
Lake Trout post-release mortality was as high as 87.5 % during summer
months when dissolved oxygen was below 3 mg/L in water less than
12°C. Dissolved oxygen was not measured in this study, however, the
majority of Lake Trout were captured when surface water temperatures
were less than 10°C (75.9 % 227/299), and for those captured between
10°C and 18°C (24.1 % 72/299), the thermocline had yet to fully
develop. When surface temperatures rise in the summer and the depth of
the thermocline increases, mortality of released Lake Trout may increase
in Lake Ontario.

Lake Trout post-release distance traveled did not appear to be related
to any factors measured in this study and were no different than random.
Because stress inducing events (capture) can affect swimming behavior,
cardiovascular, and metabolic rates (Howell et al., 2024; LaRochelle
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et al., 2022; Madden et al., 2024; Portz et al., 2006), post-release dis-
tance traveled may be an indicator of stress or injury. For instance,
Wilson et al. (2017) found that Walleye (Sander vitreus) that were
captured and acoustic tagged had different behaviors and swimming
speeds compared to Walleye that had been acoustic tagged 1-2 years
earlier, suggesting that the capture stress and invasiveness of the tagging
procedure caused a difference in swimming behavior. However, in a
different telemetry study conducted by Eberts et al. (2018), post-release
Walleye movements at the end of a fishing tournament were variable
and not related to capture or handling techniques. In our study, 24-h
straight-line distance traveled was used instead of total cumulative
distance traveled due to the expanses of Lake Ontario and the lack of
high-density acoustic receiver coverage. With a 50 % detection radius of
~1.5 km and lack of multiple receiver detections to better estimate GPS
position, the straight-line distance between release location and first
detection after 24-h at large may not have the precision to detect
tangible differences in Lake Trout movement. If Lake Trout had 1) all
been released in the same location or 2) been released in a fine-scale
acoustic telemetry array, post-release behaviors by individuals may
have been easier to discern.

Mortality due to catch and release angling has not been previously
quantified in Lake Ontario, but results from this study suggest that short-
term post-release mortality of angled Lake Trout is negligible in April-
June given ‘best-case’ scenario of catch and release. Only 2.3 % (3/
129) of Lake Trout angled and released were classified as a mortality
during the 30-day post-release monitoring period. Importantly, these
angled Lake Trout also underwent surgery, acoustic tag implantation,
and were held out of water for ~180 s (while water was irrigated over
gills), which is likely more invasive than most catch and release events.
In other studies from the Great Lakes, average post-release mortality
after angling ranged from 13.6 % to 15.6 % in Lakes Michigan, Huron,
and Superior (Loftus et al., 1988) and between 15.0 % and 76.4 % in
Lakes Huron and Superior (Sitar et al., 2017). Loftus et al. (1988)
quantified hooking mortality by tethering angled Lake Trout and
observing survival/mortality over 48 h, while Sitar et al. (2017)
modeled post-release mortality rates based on recaptures of loop-tagged
Lake Trout caught and released by recreational anglers over a period of
6-years. Compared to Loftus et al. (1988) and Sitar et al. (2017), esti-
mates of short-term post-release mortality in our study were based on
more than 680,000 acoustic detections, which allowed for fine-scale
temporal analysis based on individual fish, albeit results were only
quantified over 30-days. Remarkably, two tagged Lake Trout in our
study were also recaptured after tagging and released again; both Lake
Trout survived multiple capture events, supporting our results that Lake
Trout short-term post-release mortality is negligible in spring months.
However, Lake Trout tagged in this study were quickly retrieved, not
‘played’, and were also tagged based on the best-case scenario for cap-
ture and release (e.g., not foul-hooked, maintained equilibrium after
release). The fate of angled, released, but not tagged Lake Trout is un-
known and went unrecorded in our study; however, foul-hooked and
injured Lake Trout rarely occurred while sampling in 2023. Addition-
ally, differences in post-release mortality between our study and those
described above are likely due to time of year, as we did not sample in
summer months when increased surface temperatures and decreased
dissolved oxygen concentrations might affect survival (Lee and Ber-
gersen, 1996; Sitar et al., 2017). By tagging Lake Trout in the spring, air
temperatures and water temperatures were cooler, which likely reduced
stress compared to capture and tagging during warmer summer months
(Lee and Bergersen, 1996). Lastly, our sample period was 30 days
post-release, which is significantly less than the 6-year study by Sitar
et al. (2017), and there is the potential that we did not capture latent
mortality past 30 days experienced by angled Lake Trout.

5. Conclusion

Mitigating post-release survival of acoustic tagged fish is paramount
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to the success of most behavioral studies or those interested in quanti-
fying natural or fishing mortality independent of the tagging session.
Although 30-day post-release mortality was minimal in this study
(9.03 %; 27/299), the value of losing acoustic transmitters and data
from 27 Lake Trout, especially with 10-year battery life, is substantial.
Limiting post-release survival of tagged Lake Trout and therefore,
maximizing value of data, can be partially achieved with use of angling
instead of gillnets. Angling was also more efficient than gillnetting (8.6
fish/day vs. 5.2 fish/day, respectively), which created a more cost-
effective method of capture. Additionally, when Lake Trout were tag-
ged in spring months (nearly isothermal water conditions), capture
depth and surface temperature did not affect survival probability, which
may be useful for other deep, cold-water species. Results from this study
may help guide capture methods for acoustic telemetry studies and it
also serves to establish an estimate of hooking mortality for spring
angled Lake Trout in Lake Ontario.
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