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Abstract Giant trevally (Caranx ignobilis; GT) is
an apex predator in tropical waters of the Indo-Pacific
and a target species of catch-and-release recreational
fisheries, and little is known about the impacts that
capture and handling have on GT. We evaluated the
injury, physiological status, and post-release behavior
of 73 GT caught using spinning gear with top-water
lures that had different hook configurations in Kir-
itimati, Republic of Kiribati. GT caught using lures
with a single J-hook or single treble hook were most
often hooked in the mouth, while those caught on
lures with two hooks (regardless of hook type) were
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more often hooked in the body. Unhooking difficulty
and physical injury were greater for GT simultane-
ously hooked in both the mouth and body, particularly
with lures having double treble hooks. Duration of air
exposure increased when GT were captured on lures
with one or two treble hooks and for larger fish. There
was no mortality of GT at the time of release. Impair-
ment of reflexes, particularly the ability to maintain
equilibrium and bursting response, increased with
fight time and duration of air exposure. Physiological
measurement suggests that glucose and lactate levels
increased with fight time, but only glucose increased
with air exposure duration. GT tracked with pop-off
biologgers showed consistent behavioral patterns
including a short period (~5 min) of low activity.
Collectively, these results provide the first quantita-
tive evidence of how GT respond to catch-and-release
when caught with conventional tackle and thus can
be used to inform best practices and management
strategies.

Keywords Recreational fisheries - Catch-and-
release - Pacific Ocean - Hook type - Lures - Reflex
impairment

Introduction

Giant trevally (GT), Caranx ignobilis (Forsskal 1775),

is one of the largest members of the Carangidae family
that occupies tropical and subtropical coastal waters of
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the Indo-Pacific (Talbot and Williams 1956; Williams
1958; Berry et al. 1981). This large-gaped piscivore is
a highly mobile apex predator (Sudekum et al. 1991;
Farmer and Wilson 2011) that inhabits tidal lagoons,
coral reefs, and adjacent mesopelagic waters (Meyer
et al. 2007; Lédée et al. 2015; Papastamatiou et al.
2015; Daly et al. 2019, 2021) and likely plays an impor-
tant role in tropical island marine ecosystems (Glass
et al. 2020). The spatial ecology of GT makes them
accessible to encounters with humans, especially as tar-
gets of subsistence, commercial, and recreational fish-
eries, which makes them culturally and economically
important for communities across their home range
(Abdussamad et al. 2008; Gaffney 2000; Verschuuren
et al. 2015).

The allure of targeting GT in recreational fisheries
has increased dramatically over the past few decades
(McLeod 2016). The aggressiveness of the strike,
intensity of the fight, and potential size of GT can
be attractive to recreational anglers (McLeod 2016).
With global travel becoming safer and more reli-
able, remote and exotic locations where recreational
angling for GT occurs are also becoming more acces-
sible and economically feasible for anglers (McLeod
2016; Griffin et al. 2021). The increased demand for
targeting GT and other recreationally targeted fishes
has considerable economic value through direct
and indirect spending of anglers, the development
of hotels and fishing lodges, employment of fishing
guides and for hospitality services, and other com-
merce (Wood et al. 2013). For instance, it was esti-
mated that the flats fishery in The Bahamas was worth
$169 million USD annually, with much of the income
staying in local communities (Fedler 2014). As such,
evidence-based management to help maintain stocks
of flats species, like GT, can play an important role in
supporting fishing-based tourism and its contribution
to the Blue Economy (Barnett et al. 2016).

Most recreational angling for GT is catch-and-
release (C&R) (McLeod 2016), which is a strat-
egy adopted by fisheries managers and anglers
to minimize the impacts of fishing on target spe-
cies and their populations. C&R angling can be
an effective management tool to conserve fisher-
ies if individual fish being captured survive the
angling event with negligible injuries, minimal
physiological stress, and no impacts on their fit-
ness (Bartholomew and Bohnsack 2005; Arling-
haus et al. 2007). The growing discipline of C&R
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science continues to demonstrate that the response
of fish to C&R is species-specific (Cooke and
Suski 2005) and ranges from high survivorship
and no detectable sub-lethal effects (e.g., Bower
et al. 2019), to considerable post-release mortal-
ity (e.g., post-release predation, Danylchuk et al.
2007), behavioral alterations (LaRochelle et al.
2025b), and extensive sub-lethal impacts, includ-
ing impaired feeding (Meka and Margraf 2007)
and reduced reproductive output (Ostrand et al.
2004; Richard et al. 2013). The effects of C&R
can also depend greatly on angler experience
(Brownscombe et al. 2017), gear/hook type used
(Arlinghaus et al. 2007; Skomal 2007; LaRo-
chelle et al. 2025a), physical injury (Danylchuk
et al. 2014; Bower et al. 2016), water temperature
(Thorstad et al. 2003), and air exposure (see Cook
et al. 2015). Further, the social norms of partici-
pants within the recreational angling community
can have significant influence on the angling and
handling practices (see Danylchuk et al. 2018). As
such, if C&R is to be used as a conservation tool,
it is imperative that species-specific and even situ-
ation-specific science be conducted to evaluate the
potential impacts so that knowledge gained from
the research can be used to inform best practices in
the recreational fishery (Cooke and Suski 2005).

To date, only one study has examined how GT
respond to C&R, and it focused on fly fishing (Grif-
fin et al. 2022). Yet, there remains a portion of GT
anglers that use spinning gear with artificial lures
that are configured with multiple single or treble
hooks. Although GT were resilient to being cap-
tured and released while fly-fishing, all flies were
single barbless hooks warranting further explora-
tion on the impacts of multiple hooks. The purpose
of this study was to quantify the hooking injury,
physiological status, and post-release activity of
GT targeted using conventional spinning gear with
artificial lures in the recreational C&R fishery of
Kiritimati (Christmas Island), Republic of Kiribati.
We used this opportunity to also test a custom pop-
off electronic biologging package equipped with an
internal data storage tag that could allow for greater
insights into fish behavior and activity patterns fol-
lowing C&R. Collectively, the data presented here
can be used to inform anglers and fisheries manag-
ers on C&R best practices for GT caught with spin-
ning gear and artificial lures.
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Methods
Study site and sampling periods

This study took place on Kiritimati Atoll (Fig. 1)
(Christmas Island), Republic of Kiribati, which is
a part of the Line Island chain in the Indo-Pacific
Ocean. The atoll has a large inner lagoon (217 km?)
composed of shallow sand flats and deeper channels
(3-5 m), while the outer seaward coast is rimmed
by coral reefs that descend rapidly to>200 m. Fish-
ing for GT occurred predominantly along the western
side of the atoll, including just outside of the mouth
of the lagoon, and over the coral shelf that extends
from the shoreline to the edge of the deep water drop-
off. Water depths of sampling areas ranged from 3 to
30 m.

Sampling coincided with trips when recreational
anglers were going to Kiritimati to target GT. Their
participation in the research was instrumental for

Fig. 1 Image of Kiritimati
atoll (Christmas Island)
where the study occurred.
The peach polygons indi-
cate the general area where
giant trevally (Caranx igno-
bilis) were captured and
released. The yellow star 20
indicates where the giant
trevally were released with
custom pop-up biologgers
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providing access to GT caught via authentic angling
events, and a way to increase ownership over the out-
come of the study and how results get communicated
throughout the angling community (Danylchuk et al.
2011). Specifically, sampling occurred over three
discrete periods, 07-10 February 2014, 05-10 June
2014, and 29 January—07 February 2015. The sam-
pling period in June 2014 only focused on collecting
data on angling metrics, hook placement, and hook-
ing damage (i.e., injury), while sampling during the
other periods included assessing physiological stress.
Sampling in 2015 was also used to quantify short-
term post-release activity patterns and movements
of GT using a custom pop-up electronic biologging
package (see below).

Capture, blood sampling, and reflex impairment

Recreational anglers used heavy spinning gear
(213-244 cm heavy action rods, high-capacity

-157.4 -157.3 -157.2
Longitude
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reels, 34-50 kg braided line) and topwater poppers
and stickbaits (100-250 g) to capture GT. Fishing
baits were outfitted with either barbed treble hooks
(6/0-7/0), barbed single J-hooks (7/0), or a conjunc-
tion of both styles (single hook in the middle of the
lure and treble at the back of the lure). The array of
hook configurations (e.g., style and number of hooks)
was always noted. Number of hooks was split into
two categories: lures with 3 or less hook points and
lureds with 4 or more hook points. The use of barbed
hooks is common when using conventional tackle for
GTs (McLeod 2016). All fishing was conducted by
boat in the coastal waters of the atoll in depths rang-
ing from 4 to 35 m, or just inside the mouth of the
lagoon. Anglers casted the large topwater baits while
the boat was adrift and used erratic retrievals to entice
GT to strike.

For each fish, fight time (the amount of time (sec-
onds) from hooking to landing) was recorded. All GT
were brought into the boat for dehooking. To land
fish, anglers or fishing guides reached over the side
of the boat and used a gloved hand to grab the GT by
the caudal peduncle. The other hand was often placed
under the ventral portion of the fish’s body to support
the weight of the GT as it was brought on board the
boat. This handling method minimized the GT com-
ing into contact with the side of the boat, as well as
kept the fish handler safe from the sharp protrusions
on the caudal peduncle and sharp hooks generally
located in the mouth and posterior sections of the
fish’s body. Dehooking occurred once the GT was
on board the boat. Pliers were used to remove hooks
unless the hooks fell out of the fish on their own when
the tension of the fishing line was reduced as the fish
was brought on board. Using pliers is common in
the GT recreational fishery because of the leverage
needed to remove the large hooks, while the use of
pliers also reduced the risk of accidental hooking to
the angler or guide.

All GT were measured (fork length in mm; FL)
and the duration of air exposure during handling was
recorded (in seconds). Hook placement, unhooking
difficulty, hooking damage (i.e., injury), and bleed-
ing at the site of hooking (yes or no) were recorded
as the lure was removed. Hook placement was scored
as either mouth, body, or both (Fig. 2). Hook place-
ment scored as mouth had hooks within the mouth or
on the exterior of the mouth, while hooks that were
on any other part of the body or head were deemed

@ Springer

to be body hooked (Fig. 2). Unhooking difficulty was
scored between O and 5 (categorical), where hooks
that were easily removed were scored a 0 and hooks
that were more difficult or challenging to remove
were scored a 5. Hooking damage was scored as a yes
or no, and GT were deemed to have hooking damage
if there was any signs of tears or bleeding from the
hooks.

Non-lethal blood samples were obtained from
a subset of GT after they were brought on board
the boat by recreational anglers. Blood sampling
occurred <30 s after landing and immediately after
dehooking so as not to potentially cause additional
hooking damage to the fish or risk a hook becoming
dislodged and impacting the researcher. The GT were
air exposed during the blood sampling period, and
this was included in the overall air exposure period.
Less than 2 mL of blood was drawn from the caudal
vasculature with a 22 G needle (BD Vacutainer Multi-
sample Needles and 4.0 mL lithium heparin collec-
tion tubes, 75 USP, Becton, Dickson and Company
(BD), NJ, USA). Blood was analyzed immediately
for lactate (mmol/L, Lactate Plus, Nova Biomedical,
Waltham, MA, USA), glucose (mmol/L, Accu-Chek
Compact Plus, Roche Diagnostics, Basel, Switzer-
land), and pH (HI-99161, Hanna Instruments, Woon-
socket, RI, USA) using point-of-care devices. These
devices have been previously validated for use on fish
(Stoot et al. 2014). Fish that had blood drawn were
released immediately after sampling and not included
in behavioral trials.

Impairment of reflexes (Davis 2010) was assessed
at the time of release for the remaining GT. Three
reflex indicators were used: “tail grab,” the presence
of burst swimming action when a fish is grabbed by
the tail; “body flex,” the presence of flexion in the
torso when a fish is held along the dorsoventral axis;
and, “equilibrium,” the ability of the fish to right
itself within 3 s after being placed upside down in
water. These indicators were chosen due to their sim-
plicity of use given the configuration of the boats and
their previous validation in physiological and behav-
ioral impairment studies in other species, e.g., Albula
vulpes (Linnaeus, 1758) (Brownscombe et al. 2013;
Brownscombe et al. 2015; also see Lennox et al.
2024). For individual indicators, binary reflex impair-
ment scores of 0 (reflex present) and 1 (reflex absent)
were used. Indicator scores were then converted to a
proportional impairment score ranging from O to 1,
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Fig. 2 Range of hook placements for giant trevally (Caranx ignobilis) captured with topwater lures. a—d Fish that are hooked in the
mouth and body and e-i pictures of fish that are strictly hooked in the mouth

where a cumulative score of O indicated no overall
impairment and a score of 1 indicated total impair-
ment. Reflex impairment levels were scored in four
different categories (i.e., 0, 0.33, 0.66, 1).

Post-release behavior

Post-release locomotor activity, movement patterns,
and depth profiles were measured for a subset of GT
using a custom pop-up electronic tag (Fig. 3). This
custom pop-off tag was attached to the GT while
air exposed (included in the air exposure period) on
board. The tag housing was a molded plastic cylin-
der (80 mm longx 35 mm OD diameter, 28 mm ID,
23 g in air) with a screw-on cap and single O-ring
to waterproof the inner compartment. Weights (steel
washers, 20-30 g) were secured to the inside of the

cylinder as ballast so that the tag floated vertically
in the water when released from the GT. Several of
the tag components were affixed to the outside of the
cylinder using epoxy (J-B Weld, Marietta, GA, USA).
A small plastic tube (30 mm longx 10 mm ID) was
used as a secure attachment point for harness material
that held the device tightly to the caudal peduncle of
GT. Also on the outside of the cylinder was an acous-
tic transmitter with pressure sensor (VEMCO, Bed-
ford, NS Canada; V13P 1H, 46 mm, 13 g in water,
6.9 g in air, continuous transmission rate of 2000
ms, 24-day battery life) to manually track the depth
and location of GT following release. Also attached
to the outside of the cylinder was a radio transmitter
(Advanced Telemetry Systems, Isanti, MN; 3X xtal
3 stage board, bottled-shaped transmitter, 25 g, 120
ppm Pulser W, 25 ms Pulser R, 70-day battery life, 30
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Fig. 3 Custom pop-up biologger used to measure post-release
activity of giant trevally (Caranx ignobilis). a The position of
the radio tag and acoustic tag affixed to the side of the water-
proof cylindrical case that contains the accelerometer logger. b

cm coated antenna) that was used to locate the device
once it floated to the surface of the water following
release from the GT.

Prior to deployment, a triaxial accelerometer log-
ger (Gulf Coast Data Concepts, Waveland, MS;
X16-mini, with 500 mAh battery, 14 g in air, 25 Hz
sampling rate) was activated and inserted into the cyl-
inder. The acoustic tag and radio tag were also then
activated, and the tagging package was affixed to the
caudal peduncle of the GT. A small bungee cord (0.3
cm wide, 10-30 cm max stretch) and small plastic
cable tie (10 cm long, 0.3 cm wide) were inserted
through the plastic attachment tube on the cylinder
and then stretched in opposite directions around the
caudal peduncle to provide a custom fit depending on
the size of the fish. On the bungee cord and cable tie
were small plastic hooks (1.5 cm in length) that were
used to secure a customized galvanic release (Nep-
tune Marine Products, Port Townsend, WA, USA)
with a minimum of a 4-h dissolution time. This pop-
off package weighed up to 89 g and was only slightly
positively buoyant, allowing it to be retrieved once
ejected from the GT.

Once the tracking device was attached, the GT was
put back in the water and released. As soon as the
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The pop-up biologger affixed to the caudal peduncle of a giant
trevally, secured with a harness constructed of bungee cord,
cable tie with plastic hook, and a galvanic release

tag was immersed, a timer was started to provide an
estimated time for the complete dissolution of the gal-
vanic release. When sea states allowed, GT were man-
ually tracked using a manual acoustic receiver with a
directional hydrophone (VR100; VEMCO, Bedford,
NS Canada). We also monitored for the signal of the
radio tag using a portable radio receiver (Lotek Wire-
less, Ontario, Canada; Biotracker with flexible Yagi
antenna (50 ohms)), and once detected, we homed in
on the signal and retrieved the tag. There are no pre-
vious studies that have assessed to see if these tags
impact the swimming performance of GT.

Tri-axial acceleration data were used to calcu-
late the overall dynamic body acceleration (ODBA)
of GT that was used to quantify locomotor activity
(Halsey et al. 2009; Gleiss et al. 2011). The ODBA
is calculated by summing the absolute acceleration of
all three axes (surge, sway, and heave) and removing
the static (gravity) acceleration (Shepard et al. 2008).
Static acceleration is removed from the absolute
acceleration using a 2-s box smoother (Shepard et al.
2008; Brownscombe et al. 2018). Fish were deemed
moribund if the acceleration of the fish was near zero,
the depth constant, and no apparent locomotor activ-
ity was observed.
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Data analysis

All data analyses and visualization were conducted
using RStudio version 2024.04.24+764 (RStudio
Team 2024) via R version 4.4.0 (R Core Team 2024).
When applicable mean and+1 standard deviation
are reported, a Fisher’s exact test for count data was
used to assess if there were non-random relationships
between number of hook points, hooking location,
and injury. To further assess the difference between
number of hook points with hooking location and
injury, an adjusted Bonferroni pairwise comparison
test was used. Unhooking difficulty was analyzed
using an ordinal logistic regression using the clm
function from the ordinal package (Christensen 2023)
and fit with the number of hook points, hooking loca-
tion, and the fork length as the predictor variables.
This was then followed up using a pairwise compari-
son post-hoc test using the emmeans function from
the emmeans package (Lenth 2024). Finally, a bino-
mial generalized linear model was fit with injury as
the response variable, unhooking difficulty, hooking
location, and fork length as predictor variables. Mul-
ticollinearity was evaluated using the variance infla-
tion function where values <5 suggest no collinearity.
A Fisher’s exact test for pairwise comparisons was
then used to determine the differences in injury for
each hooking location.

Using all GT angling data, the relationship
between fight time and fork length was examined with
Pearson’s r correlation. A linear model was fit with
air exposure as the response variable, GT fork length,
and number of hook points as the predictor variables.
A Tukey’s HSD post-hoc test was then fit using the
glht function from the multcomp package (Hothorn
et al. 2008) to further assess the differences in air
exposure durations across number of hook points.
Assumptions of linearity, normality, and homosce-
dasticity were visually analyzed using residual plots.

To assess the impacts on the overall immediate
reflex impairment of GT, an ordinal logistic regres-
sion model with duration of air exposure, fight time,
and bleeding as the predictor variables were used.
Both tail grab response and the equilibrium test were
modeled using binomial generalize linear models fit
with fight time, air exposure duration, and presence
of bleeding as the response variables. Body flex was
not modeled given the small sample size of this reflex
test (i.e., only 2 fish did not pass this test). Further,

we fit two classification tree models with tail grab
and equilibrium as response variables with air expo-
sure, fight time, and injury as the predictor vari-
ables. Again, body flex was not modeled given the
small sample size. We used these classification trees
to find thresholds of air exposure duration and fight
times as an indicator of when reflex impairments
are likely going to occur. The classification tree also
ranks the level of importance for each variable in the
model. The variable importance provides information
on how influential the respective predictor variables
are on the response variable (i.e., predictive power).
Classification trees were built using the rpart func-
tion from the rpart package (Therneau and Atkinson
2023). Finally, three linear models were fit with blood
glucose, lactate, and pH as the response variables
with fight time and air exposure duration as the pre-
dictor variables. Assumptions for the linear models
were verified using diagnostic plots.

Results
Angling metrics

A total of 72 GT (mean fork length =823 + 146 mm,
range 585-1290 mm) were captured using topwater
poppers (n=42) and stickbaits (n=29). One other
GT was caught for the study, but the lure type was
not recorded. Hooking location was only recorded for
68 of the 72 GT captured in the study, and of those
68 GT, one was removed from the hooking analysis
given that it was the only individual that was hooked
exclusively in the body. That individual that was
removed from the hooking analysis was captured on a
popper with two treble hooks.

The number of hook points on the lures had a
significant influence on the hooking location of GT
(Table 1, Fig. 2; p=0.045, 95% CI=0.041-1.098).
Lures with 3 or fewer hook points tended to hook fish
more often in the mouth (n=12, 80%) compared to
being hooked in the mouth and body (n=3, 20%).
When lures were configured with 4 or more hooks,
GT were just as likely to be hooked in the mouth
(n=26, 50%) as they were to be hooked both in the
mouth and in the body (n=26, 50%). Overall, physi-
cal injury did not differ significantly with the amount
of hook points (p=0.355, 95% CI=0.496-10.344).
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Table 1 Hook configuration, hooking location on the body,
and the number of hook points across all fish in the study

Hook configura- n  Hook points Mouth Body Body

tion and

mouth
Single 1 9 0 0
Treble 3 3 3 0 0
Single, single 2 0 3 0
Single, treble 11 4 9 2 0
Treble, treble 42 6 17 24 1

Unhooking difficulty was influenced by the hook-
ing location (3*=9.097, p=0.003), but not by the
number of hook points (¥*=0.105, p=0.746) or
body size (y*=0.035, p=0.851). Unhooking dif-
ficulty increased when fish were hooked both in the
mouth and on the body, compared to fish that were
only hooked in the mouth (¢5,=2.326, p=0.024).
Hooking injury increased with unhooking diffi-
culty (;(2:5.162, p=0.023), and hooking location
had a significant influence on the presence of injury
(¥*=24.783, p<0.001). Those GT hooked in both the
mouth and body had a greater incidence of hooking
injury compared to those just hooked in the mouth
(»<0.001). The fork length of GT had no influence
on the hooking injury (y*=3.822, p=0.051).

Unsurprisingly, fight time (1844155 s, range
33-1181 s) tended to be longer for larger GT (lin-
ear correlation; r=0.70, df=67, p<0.001; Fig. 4).

1200

800 r=0.70

Fight Time (s)

400

600 800 1000 1200
Fork Length (mm)

Fig. 4 Correlation between the fork length of giant trevally
(Caranx ignobilis) and fight time in seconds. Shaded area rep-
resents the 95% confidence interval
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Duration of air exposure ranged from 38 to 504 s
(mean 298+122 s), which occurred during hook
removal and admiration. Larger fish tended to be
air exposed for longer, but the effect was minimal,
with an increase of 1.5 s per 10 mm in length (esti-
mate=0.149, Fg, ;=9.552, p=0.003). Duration of
air exposure was also significantly influenced by the
hook configuration used (Fg,,=19.243, p<0.001).
Specifically, duration of air exposure for GT hooked
with double treble hooks (Fig. 5) was longer than fish
hooked with a singular J-hook (=6.024, p <0.001),
double J-hooks (r=4.030, p=0.001), or lures with a
J-hook and a treble hook (r=6.527, p<0.001).

Reflex impairment and physiology

There was a total of 63 GT that were assessed for
their reflex impairment levels. Longer fight times led
to more reflex impairment (x2=4.133, p=0.042);
fight times longer than 175 s always resulted in at
least one reflex being impaired (Fig. 6). Aggre-
gate reflex impairment score for GT was not influ-
enced by the duration of air exposure (x*=0.768,
p=0.381) or by the incidence of hooking injury

350
AB B

300 +

»
a
=]

Air Exposure (s)
n
S
5

100

&

8
—— >
——

‘(\Q\e R ’0\0

A A A
o®

Hook Configuration

Fig. 5 Mean (+standard error) air exposure period of giant
trevally (Caranx ignobilis) post-capture across the different
hook configurations used. Dissimilar letters represent signifi-
cantly different air exposure periods across the respective hook
configuration types. Majority of the fish were captured on
lures with two-treble hooks (n=45; treble, treble), followed by
lures that were configured with a single J-hook and treble hook
(n=11; single, treble). Lures with a singular single hook cap-
tured nine fish (single). Lures with a singular treble (treble),
and lures configured with two single J-hooks captured three
fish each (single, single). All hooks used were barbed
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Fig. 6 Mean (+standard error) fight time for each reflex
impairment level of giant trevally (Caranx ignobilis)

(x*=1.166, p=0.280). Equilibrium had a higher
probability of being impaired with longer durations
of air exposure (x2=9.866, p=0.002), but was not
affected by fight time (x*=3.229, p=0.072) or the
presence of hooking injury (x>=0.475, p=0.491).
Longer fight times resulted in an increase in the fre-
quency of the loss of the tail grab reflex (x> =4.748,
p=0.029); however, tail grab was not influenced by
the duration of air exposure (x2=0.359, p=0.549)
or the presence of hooking injury (x*=0.494,
p=0.482). Body flex was not significantly influ-
enced by the duration of air exposure (x>=0.448,
p=0.503), fight time (x*=1.998, p=0.158), or the
presence of hooking injury (x*=1.634, p=0.201).
Of the GT assessed for reflex impairments, 41
(65%) could not regain equilibrium, 10 (16%) did
not respond to the tail grab reflex test, and 6 (10%)
had no body flex during testing.

The classification tree identified fight time as the
best predictor of impairment of the tail grab reflex
(variable importance [VI]=73) followed by air expo-
sure (VI=13), and then bleeding (VI=13). Using
fight time alone, the model was able to predict 57%
of tail grab impairment with a cut-off of 166 s, where
fish that were fought for longer had greater reflex loss.
The classification tree for the equilibrium identified
air exposure as the best predictor (VI=55), followed
by fight time (VI=37), and then bleeding (VI=7).
Air exposure alone with a threshold of 218 s was able
to predict 65% of equilibrium loss in GT.

Blood glucose (=26, 3.5 mmol/L+0.8,
range =1.2-5.4) had a positive relationship with
both air exposure duration (Fig. 7a, F22,1=4.536,
p=0.045) and total fight time (Fig. 7b,
F22,1=4.556, p=0.044). There was also a posi-
tive relationship between blood lactate (n=26,
2.7 mmol/L +1.0, range=1.3-4.7) and fight time
(Fig. 7¢c, F22,1=7.589, p=0.012), but not between
the air exposure period and blood lactate (Fig. 7d,
F22,1=0.868, p=0.362). Finally, pH (n=26, 7.3
mmol+0.1, range=7.1-7.5) of GT was not influ-
enced by the fight time (Fig. 7e, F22,1=0.084,
p=0.775) or the duration of air exposure (Fig. 7f,
F22,1=0.087, p=0.771).

Post-release behavior

GT affixed with tagging packages (n=11; Table 2)
were tracked manually for up to 3 h 10 min post-
release (mean 103 min, SD 59.2). These fish often
traversed nearshore regions above the coral reef
shelf for a short period and then made more rapid
movements offshore over deeper water. A majority
of the tracked GT moved offshore in a northwest
direction toward an offshore seamount (Fig. 8).
Examining post-release activity levels, GT typically
exhibited a period of lower activity (2—5 min), fol-
lowed by a spike in activity that remained consistent
for the remainder of the tracking periods (Fig. 9).

During the tracking period, GT occupied varied
water depths (mean=4.6+4.0 m, range 0-31 m)
and exhibited variable depth use patterns among
individuals. The two largest GT descended rap-
idly immediately following release to water depths
exceeding 25 m. Yo-yo diving was observed
for most GT as they moved offshore, with fish
descending to depths > 10 m, but for short periods
(<5 min) prior to ascending to near surface. Pat-
terns in locomotor activity (i.e., ODBA; Fig. 9)
indicated that after the initial release period, GT
spent much of their time actively swimming while
either traversing waters along the coral reef shelf
or moving offshore over pelagic waters (Fig. 8).
All captured GT were alive at the time of release,
and there was no evidence of short-term mortality
during the monitoring period of GT tagged with
pop-off packages.
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«Fig. 7 Blood physiology parameters of giant trevally (Caranx
ignobilis) caught with topwater lures. Rows refer to different
blood variables assessed, while the columns are for both air
exposure and fight time. Shaded area represents the 95% con-
fidence interval

Discussion

We found no evidence for short-term (<3 h) post-
release mortality from angling or from post-release
predation in GT. Locomotor activity was lower dur-
ing the initial 5 min post-release but began to slowly
increase with time, similar to results from Grif-
fin et al. (2022) for GT caught and released after
angled via fly fishing in the Seychelles. Although no
short-term post-release mortality occurred, GT did
exhibit physiological effects and reflex impairment
typical of fish caught and handled as part of a recre-
ational fishery. Although survival may be relatively
high for GT captured by both conventional and
fly-fishing gear, these fish are still affected by the
capture event to some degree. Our results suggest
that fight time, air exposure, and hook configuration
(which directly relates to handling time) are impor-
tant aspects that need to be considered in GT catch-
and-release fisheries due to their impacts on blood
physiology and reflex impairment. Fish with more
severe physiological impairment can suffer from
sub-lethal impacts such as feeding impairments
(Meka and Margraff 2007) and reduced reproduc-
tion output (Ostrand et al. 2004; Richard et al.

2013). These fish are also more likely to be vulner-
able to predators after release (though none was
observed here) and may be susceptible to delayed
post-release mortality. Yet, delayed mortality could
still occur; however, this mortality is likely to be
low given the observed survival of GT fitted with
pop-off tag packages.

Exterior tags can have an influence on the behavior
and swimming performance of different fishes (e.g.,
McCleave and Stred 1975; Peake et al. 1997; Janak
et al. 2012). The external biologging package used in
this study could have had an influence on the swim-
ming behavior of GT. It is entirely possible that the
behaviors observed post-release are not necessarily
from the capture event, but rather the addition of the
external pop-off biologging package. Without a full
understanding of how these external packages influ-
ence GT, it is hard to disentangle the influence that
the capture event has on the post-release behavior
rather than just the addition of the package itself.

Hook configuration had a cascading effect on many
different aspects of a C&R angling event. The hook
configurations of the lures in our study had an impor-
tant impact on hooking location and unhooking diffi-
culty that had an influence on the presence of physical
injury and duration of air exposure. It is no surprise
that lures configured with two treble hooks and six
hook points were more often snagged on the body of
the fish given the number of extra hooks points that
are exposed during the strike and while being fought.
The heightened unhooking difficulty associated with

Table 2 Metrics of each giant trevally (Caranx ignobilis) captured and fitted with a custom pop-off tag. Not injured or reflex test
failed is indicated with a “N,” and the presence of a reflex or if the fish was injured is represented by a “Y”

Fork Fight time (s)  Air expo- Lure Hook configuration =~ Hooking location  Injury = Unhooking Equilibrium
length sure (s) difficulty

(mm)

970 260 200 Stickbait  Treble, treble Mouth N NA Y
840 135 346 Stickbait  Treble, treble Mouth, body Y 2 Y
1070 314 295 Stickbait  Treble, treble Mouth, body Y N
770 115 209 Popper Treble, treble Mouth N NA Y
940 206 199 Stickbait  Treble, treble NA NA NA Y
690 146 125 Popper Treble, treble Mouth Y NA N
1290 421 328 Stickbait  Treble, treble Mouth, body N 1 N
1220 1181 303 Stickbait  Treble, treble Mouth, body N 2 N
1040 267 197 Stickbait  Treble, treble Mouth N 1 Y
1000 363 304 Stickbait  Treble, treble Mouth N 3 N
700 NA NA Stickbait  Treble, treble Mouth, body Y NA N

@ Springer



45 Page 12 of 17

Environ Biol Fish (2026) 109:45

0
~J

964Gl
¥SLG1
ZG'4S|
L
9G7/G1
¥GLGI

Fig. 8 Map of post-release manual tracking positions for an
individual giant trevally (Caranx ignobilis) that exhibited a
typical post release movement pattern in coastal Kiritimati.
Fish were tracked for up to 3 h and 10 min post-release. Num-

lures that had two treble hooks, or with one treble
and one J-hook, is likely due to the number of actual
points that needed to be removed from the fish which
simply takes more time and is complicated by the
increased safety risk for the individual unhooking the
fish. The hook configuration associated with poppers
and stickbaits may potentially have 4—6 hook points
embedded in the fish in different anatomical locations
on the body (e.g., mouth, operculum, belly), which
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point) is indicated with a yellow star, and the end points of
tracks are marked by a white circle

means that the anglers must strategically remove each
individual hook point one at a time while cautiously
avoiding re-hooking the fish with other previously
removed hooks. With many hook points exposed, GT
could unintentionally get hooked in locations such
as the eyes, stomach, or operculum as seen in other
species (Pelzman 1978; Lyle et al. 2007), amplifying
physical damage while also making hooks more dif-
ficult harder to remove.
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Fig. 9 Acceleration, body pitch, and water depth for an indi-
vidual giant trevally (Caranx ignobilis) post release. Acceler-
ation panel shows the release of the fish with the biologging
package and the pop-off period. Inset plot shows a zoomed-in
section of what the acceleration data looks like at the point
of release. The acceleration panel shows different swimming
behavior where sustained swimming is occurring the majority

We found that injury from hooks was greater
when at least one hook was embedded in the body,
rather than just being hooked in the mouth, and injury
increased when hooks were more difficult to remove.
This makes sense given that hooks could be embedded
in places that are cartilaginous (e.g., some parts of the
operculum), which would make it much more difficult
to remove, creating a large tear when applying excess
force to remove the hook(s). Although hook removal
time was not recorded in this study, previous stud-
ies have suggested that hook removal time increases
with unhooking difficulty (Hussey et al. 2025). We
believe that the hook configuration and related hook

I I
10:00 AM 11:00 AM

Date/time

of the time with a few instances of burst swimming (e.g., spike
in acceleration between 9:00 am and 10:00 am). The body
pitch shows the angle of the fish along the x axis which cor-
responds with the yo-yo diving pattern in the depth panel. The
depth panel shows the change in depth used during the moni-
toring period for a singular fish

placement on various anatomical parts of the body
can lead to a prolonged air exposure associated with
the hook removal. A previous study suggested that
hook removal times can be reduced when replacing
treble hooks with J-hooks (Trahan et al. 2021). In our
study, GT hooked with lures that were equipped with
a singular hook, either J-hook or treble hook, had sig-
nificantly shorter air exposure periods. Reducing the
number of hook points lures used to capture GT can
help reduce the total air exposure time that is presum-
ably attributed to the unhooking process.

In our study, it was clear that air exposure>218 s
increased the incidence of equilibrium loss and caused
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elevated levels of blood glucose for GT. These results
are similar to previous studies that identified increased
duration of air exposure resulted in greater equilibrium
loss (Danylchuk et al. 2007; Gingerich et al. 2007)
and increased glucose levels (Thompson et al. 2008;
White et al. 2008). However, it seems that fight time is
more influential on the total reflex impairment levels
of GT, where fight times> 175 s led to one, or more,
reflex being impaired. Longer fight times resulted in
loss of the tail grab response, higher blood glucose,
and higher blood lactate concentrations, similar to
Australian snapper Chrysophrys auratus (Forester,
1801) (Wells et al. 1986), milkfish Chanos chanos
(Fabricius, 1775) (Danylchuk et al. (2024), and
blacktip shark Carcharhinus limbatus (Valenciennes,
1839) (Whitney et al. 2017). The increase in glucose
because of longer air exposure and fight times is
likely occurring as a stress response to help fuel
aerobic tissues (e.g., gills, heart) due to the heightened
oxygen demand (Wood 1991; Wang et al. 1994;
Barton 2002a). Glucose is mobilized to help enhance
the oxygen uptake by the gills and to increase oxygen
delivery to tissues (Wood 1991; Wang et al. 1994;
Barton 2002b). Further, it is evident from our results
that increased fight times resulted in elevated lactate
levels which is similar to previous studies that suggest
forced exercise results in the accumulation of blood
lactate (Wendelaar Bonga 1997; Kieffer 2000; Wells
and Baldwin 2006). During the fight, fish engage
in burst type swimming (i.e., exhaustive exercise,
Milligan 1996; Kieffer 2000). This burst swimming
activity is fueled by anaerobic respiration and uses
energy reserves stored in the white muscle tissue
(Wood 1991; Wang et al. 1994). The by-product of
this exhaustive exercise results in the accumulation of
metabolic by-products, such as blood lactate (reviewed
in Cooke et al. 2013 and Holder et al. 2022).

Overall, our study suggests that GT are relatively
robust in their response to being caught with conven-
tional artificial lures and brought on board a boat for
hook removal prior to release. However, to reduce
physical injury and to avoid a prolonged duration of
air exposure while being unhooked, we recommend
that anglers use lures configured with hooks that
have 3 hook points or less (e.g., two single J-hooks
or one treble hook). Furthermore, we recommend that
anglers minimize fight times to< 175 s and keep air
exposure durations <218 s to reduce physiological
stress and reflex impairment, especially in locations

@ Springer

with a high predator burden that could increase post-
release mortality in other contexts beyond which we
studied here. Collectively, our results can be used to
inform science-based best practices and codes of con-
duct to ensure that more GT are released in C&R rec-
reational fisheries in the best condition possible.
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