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ARTICLE INFO ABSTRACT

Handled by A.E. Punt Bonefish (Albula spp.) support recreational catch-and-release (C&R) fisheries in tropical and subtropical regions,
contributing to conservation efforts and advancing Blue Economy initiatives. However, post-release predation
(PRP) poses challenges to the sustainability of these fisheries, particularly in predator-dense environments. This
study assessed physical injury, reflex impairment, and PRP for bonefish (Albula glossodonta) in the Alphonse
Group of islands, Republic of Seychelles, a well-established sport fishing destination. There was a significant
effect of air exposure on reflex impairment, with fish exposed to air for 30 seconds being more impaired than
those exposed to 0 or 10 seconds. However, air exposure, among other angling event characteristics, did not
affect PRP (overall PRP = 13 %). Notably, PRP was highly site-specific, with 75 % of predation events occurring
at a single location where bonefish were 15 times more likely to be predated compared to other sites. Cryptic
predation was prevalent, as only 17 % of predation events were preceded by observing potential predators.
Sicklefin lemon sharks (Negaprion acutidens) were responsible for most PRP, often tracking and preying on
bonefish within an average of 9 minutes after release (30-1080 seconds; 545 + 315 seconds). To reduce PRP risk,
these findings highlight the need for regular PRP assessments, adaptive management, and site-specific strategies
that include voluntary actions of anglers and guides to avoid locations where PRP is prevalent. Incorporating
evidence-informed practices into conservation and management plans can promote sustainable recreational
fisheries while supporting conservation and economic growth in a Blue Economy.
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1. Introduction during flood tides to forage and retreat to deeper waters during ebb

tides, contributing to nutrient transfer and energy flow within nearshore

Bonefish (Albula spp.) are a globally distributed group of 12 species
that inhabit tropical and subtropical regions (Wallace and Tringali,
2016). Members of this genus exhibit a high degree of site fidelity in
nearshore habitats (Brownscombe et al., 2019b; Griffin et al., 2023),
including seagrass beds, sand flats, and coral reef flats, where they
largely forage for benthic invertebrates (Colton and Alevizon, 1983;
Crabtree et al.,, 1998; Griffin et al., 2019; Murchie et al., 2019).
Throughout tidal cycles, bonefish move into the shallower areas of flats

ecosystems (Brownscombe et al., 2017a, 2014; Murchie et al., 2013). In
addition to their fidelity to coastal areas, bonefish will aggregate and
migrate offshore to spawn in depths exceeding 100 m (Danylchuk et al.,
2011; Lombardo et al., 2020). In some regions, such as the Indo-Pacific
and the Caribbean, bonefish hold cultural significance and support
subsistence and artisanal fisheries (Allen, 2014; Danylchuk et al., 2007a;
Filous et al., 2019a; Ostrega et al., 2023). Globally, bonefish also support
recreational C&R fisheries across their range, creating opportunities for
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sustainable economic growth in local communities while promoting
conservation initiatives (Filous et al., 2021; Perez et al., 2020; Wood
et al., 2013). The combined annual economic impact of bonefish and
other flats species in Belize, The Bahamas, and the Florida Keys exceeds
USD 689 million (Smith et al., 2022). Such fisheries also support Blue
Economy strategies in many coastal and island nations, which aim to
balance economic reliance on marine resources with sustainability,
conservation goals, and socio-economic benefits (Choudhary et al.,
2021; Pauly, 2018).

Despite their ecological, cultural, and economic importance, bone-
fish populations face a number of threats that jeopardize the sustain-
ability of the fisheries they support. Habitat loss, degradation, and
overharvest are among the major drivers of population declines (Adams
etal., 2014; Brownscombe et al., 2019a), which are further compounded
by the cascading effects of climate change (Danylchuk et al., 2023).
Their nearshore pre-spawning aggregations and predictable offshore
spawning migrations make them particularly vulnerable to overharvest
during spawning seasons (Adams et al., 2019; Filous et al., 2019b;
Ostrega et al., 2023). The two most commonly targeted C&R bonefish
species, A. glossodonta in the Indo-Pacific and A. vulpes in the Caribbean,
are classified as Near Threatened and Vulnerable, respectively, by the
International Union for Conservation of Nature (Adams et al., 2012a,
2012b). Although C&R has been widely promoted as a conservation tool
(Arlinghaus et al., 2007), poor handling, prolonged fight times, and
excessive air exposure during an angling event can have unintended
consequences, compromising survival and recovery of released fish
(Brownscombe et al., 2017b; Cooke and Suski, 2005).

Sublethal stress and injuries sustained during angling events can lead
to impairment and decreased locomotor performance, thus increasing
bonefish vulnerability to post-release predation (PRP) (Brownscombe
et al., 2013; Cooke and Philipp, 2004; Dallas et al., 2010; Danylchuk
et al., 2007b, 2007c; Lennox et al., 2017; Moxham et al., 2019). For
example, in the Bahamas, Danylchuk et al. (2007¢c) reported bonefish
that lost equilibrium following capture were six times more likely to be
predated within the first 20 minutes post-release. However, in
predator-dense areas, such as those with great barracuda (Sphyraena
barracuda) and sharks (Negaprion spp., Carcharhinus spp.), PRP may still
be high regardless of handling practices as predators are known to
congregate near angling hotspots (Casselberry et al., 2024; Raby et al.,
2014). For example, in Anna Atoll, French Polynesia, where blackfin reef
shark (Carcharhinus melanopterus) abundances are high, bonefish
released without air exposure experienced PRP of 33 %, while those
exposed to air had PRP > 60 % (Lennox et al., 2017). High PRP could
undermine the effectiveness of C&R practices, threatening the long-term
viability of bonefish populations and related recreational fisheries that
can contribute to the Blue Economy. As such, identifying the prevalence
of impairment and PRP and its key drivers, including location-specific
factors, predator presence, and angling practices, could be important
for informing science-based best practices that contribute to sustainable
recreational fisheries (Adams, 2017; Brownscombe et al., 2017b).

The objective of our study was to assess how the capture, handling,
and fishing location influenced PRP for bonefish (Albula glossodonta) in a
catch-and-release recreational fishery in the Alphonse Group of islands,
Republic of Seychelles (Griffin et al., 2021). Blue Safari Seychelles Fly
Fishing (BSSFF) (https://www.alphonsefishingco.com) operates within
the Alphonse Group, providing high-end angling experiences for visiting
tourists. Here, fly anglers primarily target six main species, including
giant trevally (Caranx ignobilis), milkfish (Chanos chanos), Indo-Pacific
permit (Trachinotus blochii), moustache triggerfish (Balistoides vir-
idescens), yellowmargin triggerfish (Pseudobalistes flavimarginatus), and
bonefish (Danylchuk et al., 2024; Griffin et al., 2021). With individual
anglers frequently catching more than 20 bonefish per day, the Alphonse
Group is considered one of the top bonefish fishing destinations in the
world (Brown, 2008). While BSSFF enforces strict C&R protocols to
promote sustainability (Griffin et al., 2022), the effect of angling and
PRP on bonefish populations in this fishery remains unknown. An
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acoustic telemetry study involving bonefish in The Seychelles (i.e.,
Moxham et al., 2019) documented rather high PRP (at least 43 %) but
those fish were surgically implanted with transmitters (average hooking
to release time of approximately 11 minutes) which confounds findings
when applied to a C&R context. To meet our objective, we quantified
elements of the angling event, such as fight time, air exposure, hook
location, and angling location on reflex impairment and PRP occur-
rences. By identifying the key drivers of reflex impairment and PRP, we
hoped to provide evidence-informed best practices for the C&R fisheries.
These efforts support not only sustainable fisheries management but also
the broader objectives of Blue Economy strategies being adopted in the
Seychelles, which seek to harmonize conservation with economic resil-
ience (Benzaken et al., 2022).

2. Methods
2.1. Study site

This research was conducted at the Alphonse Group (7.10°S,
52.75°E) in the Outer Islands of the Republic of Seychelles (Griffin et al.,
2021). Alphonse Group consists of two low lying coralline atolls,
Alphonse and St. Francois. Alphonse Atoll includes the land mass of
Alphonse Island (174 ha), a lagoon (540 ha), and peripheral reef flats
(402 ha) (Spencer et al., 2009). St. Francois Atoll includes two islands,
Bijoutier (2 ha) and St. Francgois (17 ha), and is encircled by a reef before
reaching > 2000 m depth. It consists of extensive shallow reef flats
(3732 ha) and a large inner lagoon (1650 ha, < 10 m depth). Flats are
comprised of sand, seagrass, and coral rubble with a tidal range of
approximately 2 m. The majority of the inner lagoon consists of a sandy
substrate interspersed with coral heads and is divided by shallow ‘finger
flats,” which form a network of inner basins connected by natural
channels. The most commonly sighted potential bonefish predators in
the Alphonse Group included giant trevally, sicklefin lemon sharks
(Negaprion acutidens), and great barracuda.

2.2. Capture and handling

Fishing occurred from January 8-18, 2019, and January 24 to March
12, 2022, throughout Alphonse Group, with the majority occurring in St.
Francois Atoll, the main area where clients of BSSFF target bonefish.
Bonefish were targeted by wading across shallow flats and caught using
7-10 wt fly rods and reels, 10-20 1b. leaders, and small (size 6-8)
barbless flies. Although water depths remained consistent at 0.2-0.6 m,
capture locations were classified as near (< 200 m) or far (> 200 m)
from deeper water, either within the inner lagoon or along the outer
edge of the atoll. For each captured bonefish, recorded data included
capture location, air exposure duration (0, 10, or 30 seconds), fork
length (FL, cm), fight time (s), handling time (s), anatomical hook
location, hook removal difficulty (categorically scored from 0 as easy to
5 as difficult), incidence of bleeding at the hook site (yes vs. no), and
observed predator in the area prior to capture or release (yes vs. no).

Immediately at landing, fish were assessed for reflex impairment
(Davis, 2010), which is widely used to assess the condition of recrea-
tionally caught fish due to being highly predictive for behavioral
impairment and post-release mortality (Brownscombe et al., 2013;
Lennox et al., 2024; Raby et al., 2012). Reflex impairments assessed
included righting reflex (loss of equilibrium), tail grab, eye roll (vesti-
bular-ocular response, VOR), body flex, and head complex. Reflexes
were scored as present (passed) and absent (failed). Righting reflex was
tested by rotating the fish ventral side towards the water’s surface. Fish
that were able to right themselves (ventral side down) within 3 seconds
were recorded as having no equilibrium loss, and righting time was
assigned as 3 seconds. Those that took longer than 3 seconds were
deemed as failing the righting reflex test, and the total duration to right
themselves was recorded (s). Tail grab was assessed by grabbing the fish
by the tail, with an escape attempt indicating a present reflex. The VOR
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was evaluated by rolling the fish on its side with tracking eye movement,
indicating a present reflex. Body flex was assessed by lifting the fish from
the center of its body, with flexing indicating a present reflex. Head
complex was determined by observing opercular movement, with reg-
ular ventilation recorded as a present reflex. Reflex scores were then
converted to successes (1 s) vs. failures (0 s) proportion, with each reflex
weighted equally (0.2 per reflex). All reflexes were also reassessed just
prior to release to evaluate the effects of handling. A full reflex score of 1
would indicate all reflexes passed and a score 0 would indicate all re-
flexes failed.

To assess post-release survival, we followed an established method
for monitoring PRP in bonefish (Cooke and Philipp, 2004; Danylchuk
et al., 2007c; Lennox et al., 2017). Each fish was visually tracked by
attaching a small, brightly colored fishing float via a small hook care-
fully inserted into the dorsal musculature just behind the dorsal fin. The
float was connected to the line above the fish (~ 10 m) on 5.4 kg test
fluorocarbon, which was tethered to a spinning rod with the bail left
open to ensure minimal resistance on the fish during tracking. While
wading on the flats, we tracked each fish for up to 20 minutes following
release, which is the time period predation is most likely to occur for
bonefish (Danylchuk et al., 2007c). The predator species, behavior, and
time (seconds) to predation were recorded in attempted or successful
predation events. All procedures were approved by the University of
Massachusetts Amherst Institutional Animal Care and Use Committee
(IACUC) protocol 3545.

2.3. Data analyses

Generalized linear models (GLMs) with a binomial distribution and
logit link were used to assess the effect of fight time (numeric) and size
(numeric) on righting ability (yes vs. no) at capture, as well as the effects
of fight time, size, air exposure duration (categorical: 0, 10, or 30 sec-
onds), and handling time (numeric) on righting ability at release. In
addition, GLMs with a binomial distribution and logit link were also
used to assess the effect of fight time and size on reflex scores at capture,
as well as the effects of fight time, size, air exposure duration, and
handling time on reflex scores at release. Separate models were devel-
oped for reflex scores at capture and release, with each reflex in the
assessment converted into a binary outcome of ’success’ (unimpaired)
versus failure’ (impaired) (Griffin et al., 2022, 2024). Pairwise com-
parisons of air exposure levels were estimated using marginal means
with Tukey-adjusted p-values (Tukey, 1977). For analyses and figures
focused on reflex scores, only data from 2022 was used to ensure con-
sistency, as different recorders across the two years conducted reflex
impairment assessments.

To assess PRP, a generalized linear mixed model (GLMM) with a
binomial distribution and logit link was used to examine the effects of air
exposure duration, distance to deep water (numeric), and predator
observed (yes vs. no) on PRP (mortality vs. survival), with fishing
location (categorical) included as a random effect. A GLM evaluated PRP
at the highest PRP location, known as Brown Spot, with air exposure
duration and predator observed. Kaplan-Meier survival curves and log-
rank tests were used to compare survival probabilities between Brown
Spot and other fishing locations (Kleinbaum and Klein, 2012). A Cox
proportional hazards model estimated the relative risk of PRP, with
Schoenfeld residuals used to assess proportional hazards assumptions.
All analyses were conducted in R (version 4.4.2) and RStudio (version
2024.09.1) (R Core Team, 2024) using the glmmTMB (Brooks et al.,
2017), emmeans (Lenth, 2024), and survival (Therneau, 2024) pack-
ages. Model assumptions, diagnostic checks, and visualizations were
performed with the performance (Liidecke et al., 2024), sjPlot (Liidecke,
2024), DHARMa (Hartig, 2024), and survminer (Kassambara et al.,
2024) packages. Mean and standard deviation (mean =+ standard devi-
ation) and confidence intervals (95 % CI) were reported. Statistical
significance was set at a = 0.05.
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3. Results

A total of 94 bonefish (29-60 cm FL, 43 + 6.1 cm FL) were captured
at 15 locations (one in Alphonse Atoll and 14 in St. Francois Atoll) and
across two sampling years (2019: n = 36, 42 + 7 cm FL; 2022: n = 58,
43 + 6 cm FL). Hook removal difficulty was scored as 0 in 47 % of cases
(n=27),1in54% (n=31),2in29% (n=19),3in10 % (n = 6), and 4
in 15 % (n = 9). Hook locations included the corner of the mouth at 49 %
(n = 42), upper jaw at 25 % (n = 21), tongue at 13 % (n = 11), lower jaw
at 6 % (n = 5), outside the mouth at 6 % (n = 5), and deep in the throat at
1% (n=1), with 5% (n = 4) not recorded. Blood was observed in 5 % of
cases (n = 5), with 95 % (n = 88) showing no visible blood.

Reflex scores ranged from 0.4 to 1.0 (0.8 + 0.2) at capture and
release (Fig. 1). At capture, there were no significant effects of fight time
(p = 0.31) or size (p = 0.81) on righting ability (Table 1). Similarly, at
release, fight time (p = 0.17), size (p = 0.51), or handling time
(p = 0.49) were not significant predictors of righting ability, although
air exposure at 30 s was nearly significant (p = 0.05). For all reflexes
combined, neither fight time (p = 0.54) or size (p = 0.52) had significant
effects at capture (Table 2). At release, however, air exposure signifi-
cantly influenced reflex scores (Table 2). Pairwise comparisons of esti-
mated marginal means showed that fish exposed to 30 seconds of air had
lower reflex scores compared to those with 0 seconds of exposure (odds
ratio = 2.9, p = 0.009) and 10 seconds (odds ratio = 2.1, p = 0.002;
Fig. 2). There was no significant difference between fish exposed to
0 and 10 seconds of air (p = 0.83). Fight time (p = 0.12), size (p = 0.08),
and handling time (p = 0.57) did not significantly affect reflex scores at
release.

There were 12 confirmed instances of PRP (13 %; 2019: n = 1; 2022:
n = 11) recorded at four of the 15 fishing locations (Fig. 3). Seven PRP
events were attributed to lemon sharks, while the predator species for
the remaining five events could not be confirmed. In the PRP events
attributed to lemon sharks, sharks were often observed patrolling the
area following the release of a bonefish, exhibiting meandering move-
ments before eventually tracking and preying on the fish as it swam
away. Two depredation attempts were also observed, one involving a
great barracuda and the other a lemon shark, with the latter resulting in
a PRP event. Four of the 12 PRP events (33 %) occurred after predators
were observed in the vicinity, with lemon sharks accounting for most of
these events, except for one by a great barracuda. The location Brown
Spot accounted for nine of the 12 PRP events (75 %), with 17 bonefish in
total captured here (53 % PRP) across two days in 2022 (February 26
and March 12). This location was characterized by an extensive sandy
flat that was far (> 200 m) from deepwater access. Only one PRP event
(8 %) occurred near deeper water (< 200 m) along the lagoon’s pe-
ripheral edge, at the perimeter of the location known as One Palm.

Predictors of PRP, including distance from deeper water, air expo-
sure, and observed presence of predators (Fig. 4), were assessed with a
GLMM (Table 3; marginal R? = 0.3, conditional R? = 0.4). No fixed
effect was significant, but predator presence had a near-significant effect
(p = 0.06). The spatial variability of location accounted for 19 %
(intraclass correlation coefficient) of the total variance in PRP. After
selecting only fish captured and released at the Brown Spot (n = 17;
Fig. 5), an additional GLM with the variables air exposure and observed
predators (R2 = 0.1; Table 4) had no significant effects (p > 0.3).

After excluding one PRP event with no recorded time, predation
times ranged from 30 to 1080 seconds (545 + 315 seconds). Survival
probability differed significantly between fish released at Brown Spot
and other fishing locations (p < 0.001). At Brown Spot, survival was
75 % by 720 seconds (12 minutes) and then declined to 47 % (95 % CI
28-81 %) by 1080 seconds (18 minutes). Survival at other locations was
96 % (95 % CI 92-100 %) at 300 seconds (5 minutes), with no addi-
tional mortality events afterward. Bonefish released at Brown Spot were
15 times (95 % CI 4-57; z = 4.0, p < 0.001; proportional hazards test:
x2 = 3.5, p = 0.06) more likely to experience PRP than those released at
other locations (Fig. 6).
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Fig. 1. Reflex scores for bonefish caught and released in the Alphonse Group, Seychelles. Reflex was assessed using five reflex indices at two time points: capture (left
panel) and release (right panel). Reflex score is shown as the mean proportion impaired for body flex, head complex, righting, tail grab, and vestibular-ocular
response (VOR). Error bars represent 95 % confidence intervals. A reflex score of one would indicate no impairment.

Table 1

Summary of the generalized linear models assessing the effect of fight time
(seconds), size (fork length cm), handling time (seconds), and air exposure
duration (0, 10, or 30 seconds) on righting ability for bonefish at capture and
release in the Alphonse Group, Seychelles.

Table 2

Summary of the generalized linear models assessing the effect of fight time
(seconds), size (fork length cm), handling time (seconds), and air exposure
duration (0, 10, or 30 seconds) on reflex scores for bonefish at capture and
release in the Alphonse Group, Seychelles. Significant values are in bold.

Righting Ability at Capture

Righting Ability at Release

Reflex Scores at Capture

Reflex Scores at Release

Predictors Odds CI p Odds cI P Predictors Odds CI P Odds CI P
Ratios Ratios Ratios Ratios
(Intercept) 2.20 0.10 - 0.618  19.08 0.51 — 0.110 (Intercept) 2.69 0.24 - 0.420 1.28 0.06 — 0.873
48.63 709.66 29.98 27.22
Fight Time 1.00 0.99 - 0.311 0.99 0.99 - 0.166 Fight Time 1.00 0.99 - 0.544 0.99 0.99 - 0.123
1.00 1.00 1.00 1.00
Size 1.01 0.93 - 0.808 0.97 0.89 — 0.510 FL 1.02 0.96 — 0.517  1.07 0.99 - 0.081
1.10 1.06 1.09 1.16
Handling Time 1.00 1.00 - 0.494 Handling Time 1.00 0.99 - 0.573
1.01 1.00
Air Exposure 1.01 0.30 - 0.986 Air Exposure 1.36 0.48 — 0.565
[10] 3.37 [10] 3.87
Air Exposure 0.33 0.11 - 0.053 Air Exposure 0.28 0.12 - 0.003
[30] 1.02 [30] 0.66
Observations 92 91 Observations 57 57
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Fig. 2. Predicted reflex scores for bonefish in the Alphonse Group, Seychelles,
across three air exposure durations (0, 10, and 30 seconds). Error bars represent
95 % confidence intervals. A reflex score of one would indicate no impairment.

4. Discussion

Catch-and-release fisheries aim to balance the economic and
ecological benefits of recreational angling by minimizing post-release
mortality (Cooke and Suski, 2005). However, environmental and
behavioral factors can undermine the effectiveness of C&R as a con-
servation tool by increasing the risk of physiological impairment and
PRP (Raby et al., 2014). For example, air exposure is widely recognized
as a primary stressor for angled fish, and minimizing it is a fundamental
best practice for anglers (Brownscombe et al., 2017b; Cook et al., 2015;
Pelletier et al., 2007). In line with prior research, we found a significant
relationship between air exposure and reflex impairment, with bonefish
exposed to 30 seconds of air having greater impairment than those
exposed to 0 or 10 seconds. Similar patterns were observed by Brown-
scombe et al. (2015) in Puerto Rico, where bonefish reflex impairment
increased after 2 minutes of air exposure. However, unlike prior studies,
our results did not show a direct relationship between air exposure,
equilibrium loss, and PRP. For example, in The Bahamas, bonefish that
lost equilibrium were six times more likely to be predated (Danylchuk
etal., 2007c). In French Polynesia, PRP increased from 33 % with no air
exposure to over 60 % with air exposure (Lennox et al., 2017). These
collective differences highlight the complexity of PRP dynamics, the
need to consider each fishery independently, and additional site-specific
and ecological factors that can influence PRP.

In our study, PRP occurences were highly site-specific, with 75 % of
PRP events occurring at one location, where the PRP occurrence was
53 %. Bonefish at this location were 15 times more likely to experience
predation than other sites, highlighting the importance of predator
abundance in determining PRP. For example, Cooke and Philipp (2004)
reported 0 % PRP in low-predator areas of the Bahamas compared to
39 % in high-predator areas. Similarly, Lennox et al. (2017) identified
predator density as the primary driver of PRP in Anna Atoll in French
Polynesia, while Moxham et al. (2019) reported PRP occurrences as
potentially high as 90 % in predator-dense (Filmalter et al., 2013) areas
like St. Joseph Atoll in the Seychelles (although bonefish in this study
were surgically implanted with transmitters prior to release which
presumably confounds PRP occurrences). Although predator observa-
tions before release was a near-significant predictor of PRP in our study,
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Number of Borwfish Caught

5101520

Fig. 3. Spatial distribution of bonefish captures and post-release predation
(PRP) events in the Alphonse Group, Seychelles. Circle sizes represent the
number of bonefish captured at each location, with larger circles indicating
higher capture counts. Colors indicate the number of PRP events at each site:
blue (0 predation events), orange (1 predation event), and red (9 predation
events). The sites where PRP occurred are labeled.
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Fig. 4. Boxplots and bar plots illustrating the relationships between variables and post-release predation (PRP) outcomes for bonefish in Alphonse Group, Seychelles.
The top row shows continuous predictors (fork length, fight time, handling time, righting time at capture, righting time at release, and reflex scores at capture and
release) with PRP outcomes (‘N’ = no predation, ‘Y’ = predation) as grouped boxplots. The bottom row presents categorical predictors (hook removal difficulty,
blood presence, air exposure, distance to deeper water, observed predators, and equilibrium loss at capture and release) as proportional bar plots stratified by PRP
outcomes. Shaded colors indicate predation (‘Y’ = green) and non-predation (‘N’ = blue). Outliers are represented as points in the boxplots, and proportional

differences are highlighted in the stacked bars.

Table 3

Summary of the generalized linear mixed model assessing the effect of distance
to deeper water (far vs. near), air exposure duration (0, 10, 30 seconds),
observed predator (yes vs. no), and righting at release (yes vs. no), on post-
release predation (PRP) of bonefish in Alphonse Group, Seychelles. The
random effect of fishing location was included and significant values are in bold.

PRP
Predictors Odds Ratios CI P
(Intercept) 0.01 0.00 -0.12 < 0.001
Distance to deeper water [Far] 7.64 0.67 - 86.78 0.101
Air Exposure [10] 1.00 0.11 -9.00 0.999
Air Exposure [30] 2.28 0.34 - 15.52 0.399
Observed Predator [Y] 7.85 0.93 - 66.06 0.058
Random Effects
o> 3.29
700 Location 0.78
ICC 0.19
N Location 15
Observations 94
Marginal R? / Conditional R? 0.291 / 0.426

only 4 of the 12 recorded PRP events involved predators being observed
beforehand. This suggests that predator observations alone do not pre-
dict PRP and that additional factors, such as predator behavior, prey
stress levels, and site-specific environmental characteristics, also play a
role. While predator densities on shallow water flats in the Seychelles
have not been directly quantified to our knowledge, the Alphonse Group
is generally considered to have lower predator densities compared to
Anna Atoll, where sharks were observed at an encounter rate of 1.14
+ 1.26 per hour, frequently approaching within 1 m of anglers. This

suggests that PRP at our study site may occur more cryptically. How-
ever, ongoing baited remote underwater video research off the flats at
the Alphonse Group has recorded high numbers of lemon sharks. The
mean incidence of PRP in our study was 9 minutes compared to
5 minutes after release in the predator-dense Anna Atoll (Lennox et al.,
2017), and predators were often not observed before PRP events in our
study. For example, for one bonefish the PRP event occurred just
30 seconds after release and there was no prior observation of any
predators. Assessing PRP in environments where predation may occur
cryptically, far from an angler, or without apparent predator presence,
highlights the complexity of evaluating PRP without actively tracking
bonefish following release.

Elevated stress metabolites, which persist in fish tissue for hours
post-release (Suski et al., 2007), are likely exploited by sharks to locate
bonefish (Dallas et al., 2010). These stress-related chemical cues, com-
bined with the cognitive learning behaviors of sharks (Guttridge et al.,
2009), can increase PRP risks in C&R fisheries (Raby et al., 2014). While
recovery techniques, such as recovery bags, have been shown to improve
post-release swimming abilities (Brownscombe et al., 2013), their
effectiveness can be diminished in predator-dense environments where
scent trails and stress metabolites attract predators (Lennox et al., 2017).
Adaptive management strategies and voluntary actions like rotating
fishing areas or temporary closures should be considered in locations
with potentially unsustainably high PRP (Holder et al., 2020), particu-
larly when areas with low-PRP rates are available. Periodic assessments,
including tracking released fish as done in this study, are essential when
evaluating PRP risks and to inform voluntary actions and more formal
adaptive management strategies. Future research should prioritize
additional sampling across time and space, quantifying predator
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Fig. 5. Boxplots and bar plots illustrating the relationships between variables and post-release predation (PRP) outcomes for bonefish at the fishing location Brown
Spot in Alphonse Group, Seychelles. The top row shows continuous predictors (fork length, fight time, handling time, righting time at capture, righting time at
release, and reflex scores (‘A’ = absent, ‘P’ = present) at capture and release) with PRP outcomes (‘N’ = no predation, ‘Y’ = predation) as grouped boxplots. The
bottom row presents categorical predictors (hook removal difficulty, blood presence, air exposure, distance to deeper water, observed predators, and righting at
capture and release) as proportional bar plots stratified by PRP outcomes. Shaded colors indicate predation (Y’ = dark brown) and non-predation ‘N’ = light brown).
Outliers are represented as points in the boxplots, and proportional differences are highlighted in the stacked bars.

Table 4

Summary of the generalized linear model assessing the effect of air exposure
duration (0, 10, 30 seconds) and observed predator (yes vs. no) on post-release
predation (PRP) of bonefish caught at the fishing location Brown Spot in
Alphonse Group, Seychelles.

PRP
Predictors Odds Ratios CI p
(Intercept) 2.00 0.18 - 22.06 0.571
Air Exposure [10] 0.31 0.01 -10.10 0.509
Air Exposure [30] 0.34 0.02 -5.40 0.444
Observed Predator [Y] 4.75 0.23 - 96.58 0.311
Observations 17
R? 0.1

densities and their learned behaviors (i.e., habituation), as well as un-
derstanding the long-term population-level impacts of PRP for each
fishery. Further, while integrating telemetry to monitor post-release
movement and survival could provide better insights into the behav-
ioral and ecological factors driving PRP (Moxham et al., 2019), potential
tagging effects on fish behavior and predation risk must be considered
(Klinard and Matley, 2020; Lennox et al., 2023; Matley et al., 2024).
Lastly, the use of innovative mitigation strategies, such as predator de-
terrents (Mitchell et al., 2023), is promising. Yet, ultimately, simple and
easy to implement measures like voluntarily changing fishing locations
or more formal area-based fisheries management are likely most effec-
tive to resolve issues of PRP.
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Fig. 6. Kaplan-Meier survival curves with post-release survival probabilities of
bonefish in the Alphonse Group, Seychelles. The brown line represents survival
probabilities for fish released at Brown Spot, while the green line represents
survival probabilities for fish released at other fishing locations. Survival
probability is plotted over time (seconds), with vertical ticks indicating
censoring events.

5. Conclusion

Our findings demonstrate that PRP varies across locations within a
fishery, even when best handling practices are implemented. Stake-
holders and fisheries managers should focus on first identifying high-risk
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PRP areas with semi-regular PRP assessments, as was done in this study.
It is also important to understand the level of C&R mortality that can be
sustained in different fisheries to determine the extent to which there
may be issues related to the fish population (Corsi et al., 2025). If a site is
identified as high risk, anglers, fishing guides, and managers should be
prepared to implement voluntary adaptive actions such as rotating
fishing sites or more formal spatial management plans that balance
fishing pressure with incidence of PRP in C&R recreational fisheries.
These insights also highlight an opportunity to strengthen goals linked
to Blue Economy initiatives where sport fishing is increasingly recog-
nized as a valuable contributor to conservation and economic resilience
(Christ et al., 2020). By adopting evidence-informed conservation
practices and promoting sustainable fisheries management, the
Seychelles and other similar island nations focusing on a Blue Economy
(Benzaken et al., 2022; Pauly, 2018) can continue to protect marine
ecosystems while increasing economic resilience.

CRediT authorship contribution statement

Danylchuk Andy J.: Writing — review & editing, Writing — original
draft, Methodology, Conceptualization. Cooke Steven J.: Writing — re-
view & editing, Conceptualization. Fordham Gail: Writing — review &
editing, Methodology. Griffin Lucas: Writing — review & editing,
Writing - original draft, Methodology, Conceptualization. Brighton
Eleanor: Writing — review & editing, Methodology. Narty Christopher:
Writing — review & editing, Methodology. Danylchuk Sascha Clark:
Writing - review & editing, Methodology, Conceptualization. Curd
George: Writing — review & editing, Methodology.

Funding

Financial support was provided from the Alphonse Foundation, with
in-kind support provided from Blue Safari Seychelles Fly Fishing, Island
Conservation Society, and the Islands Development Company. Addi-
tional, in-kind support was provided from Patagonia Inc., Thomas &
Thomas Fly Rods, Cortland Lines, and Nautilus Reels. Danylchuk is
supported by the National Institute of Food & Agriculture, U.S.
Department of Agriculture, the Massachusetts Agricultural Experiment
Station, and Department of Environmental Conservation.

Declaration of Generative AI and Al-assisted technologies in the
writing process

During the preparation of this work, OpenAl was used to assist in
minor grammatical proofreading. No major use occurred, and the au-
thors take full responsibility for the content of the published article.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We thank Keith Rose-Innes and Devan Vd Merwe, the anglers, Cael
Danylchuk, Addie Danylchuk, and the fishing guide team from Blue
Safari Seychelles Fly Fishing, Ryan Foster, Nick Jones, Jamie Melvin,
David Fernandez Miguelez, and Matt Solon, for their contributions to
data collection. We thank Olivia Dinkelacker for preliminary data
exploration.

Data availability

Data will be made available on request.

Fisheries Research 286 (2025) 107387

References

Adams A. et al. (2012a) Albula glossodonta. The IUCN Red List of Threatened Species
2012: e.T194299A2310398. https://dx.doi.org/10.2305/IUCN.UK.2012.RLTS.
T194299A2310398.en.

Adams A. et al. (2012b) Albula vulpes. The IUCN Red List of Threatened Species 2012: e.
T194303A2310733. https://dx.doi.org/10.2305/IUCN.UK.2012.RLTS.
T194303A2310733.en.

Adams, A.J., et al., 2014. Global conservation status and research needs for tarpons
(Megalopidae), ladyfishes (Elopidae) and bonefishes (Albulidae). Fish Fish 15,
280-311.

Adams, A.J., 2017. Guidelines for evaluating the suitability of catch and release fisheries:
lessons learned from Caribbean flats fisheries. Fish. Res. 186, 672-680.

Adams, A.J., Shenker, J.M., Jud, Z.R., Lewis, J.P., Carey, E., Danylchuk, A.J., 2019.
Identifying pre-spawning aggregation sites for bonefish (Albula vulpes) in the
Bahamas to inform habitat protection and species conservation. Environ. Biol. Fishes
102, 159-173.

Allen, M.S., 2014. The historical role of bonefishes (Albula spp.) in Polynesian fisheries.
Hawaii. Archaeol. 4, 51-72.

Arlinghaus, R., et al., 2007. Understanding the complexity of catch-and-release in
recreational fishing: an integrative synthesis of global knowledge from historical,
ethical, social, and biological perspectives. Rev. Fish. Sci. 15, 75-167.

Benzaken, D., Voyer, M., Pouponneau, A., Hanich, Q., 2022. Good governance for
sustainable blue economy in small islands: lessons learned from the Seychelles
experience. Front. Political Sci. 4, 1040318.

Brooks, M.E., et al., 2017. glmmTMB balances speed and flexibility among packages for
zero-inflated generalized linear mixed modeling. R. J. 9, 378-400.

Brown, D., 2008. Fly Fishing for Bonefish, New and Revised. Rowman & Littlefield.

Brownscombe, J.W., et al., 2013. Recovery bags reduce post-release impairments in
locomotory activity and behavior of bonefish (Albula spp.) following exposure to
angling-related stressors. J. Exp. Mar. Biol. Ecol. 440, 207-215.

Brownscombe, J.W., et al., 2019b. Environmental drivers of habitat use by a marine fish
on a heterogeneous and dynamic reef flat. -18 Mar. Biol. 166, 18. https://doi.org/
10.1007/500227-018-3464-2.

Brownscombe, J.W., et al., 2019a. Bonefish in South Florida: status, threats and research
needs. Environ. Biol. Fishes 102, 329-348. https://doi.org/10.1007/s10641-018-
0820-5.

Brownscombe, J.W., Cooke, S.J., Danylchuk, A.J., 2017a. Spatiotemporal drivers of
energy expenditure in a coastal marine fish. Oecologia 183, 689-699.

Brownscombe, J.W., Danylchuk, A.J., Chapman, J.M., Gutowsky, L.F.G., Cooke, S.J.,
2017b. Best practices for catch-and-release recreational fisheries — angling tools and
tactics. Fish. Res. 186, 693-705. https://doi.org/10.1016/j.fishres.2016.04.018.

Brownscombe, J.W., Griffin, L.P., Gagne, T., Haak, C.R., Cooke, S.J., Danylchuk, A.J.,
2015. Physiological stress and reflex impairment of recreationally angled bonefish in
Puerto Rico. Environ. Biol. Fishes 98, 2287-2295. https://doi.org/10.1007/s10641-
015-0444-y.

Brownscombe, J.W., Gutowsky, L.F.G., Danylchuk, A.J., Cooke, S.J., 2014. Foraging
behaviour and activity of a marine benthivorous fish estimated using tri-axial
accelerometer biologgers. Mar. Ecol. Prog. Ser. 505, 241-251.

Casselberry, G.A., et al., 2024. Depredation rates and spatial overlap between Great
Hammerheads and Tarpon in a recreational fishing hot spot. Mar. Coast. Fish. 16,
el10277.

Choudhary, P., Khade, M., Savant, S., Musale, A., Chelliah, M.S., Dasgupta, S., 2021.
Empowering blue economy: from underrated ecosystem to sustainable industry.

J. Environ. Manag. 291, 112697.

Christ, H.J., White, R., Hood, L., Vianna, G.M., Zeller, D., 2020. A baseline for the blue
economy: catch and effort history in the Republic of Seychelles’ domestic fisheries.
Front. Mar. Sci. 7, 269.

Colton, D.E., Alevizon, W.S., 1983. Feeding ecology of bonefish in Bahamian waters.
Trans. Am. Fish. Soc. 112, 178-184.

Cook, K.V., Lennox, R.J., Hinch, S.G., Cooke, S.J., 2015. Fish out of water: how much air
is too much? Fisheries 40, 452-461.

Cooke, S.J., Philipp, D.P., 2004. Behavior and mortality of caught-and-released bonefish
(Albula spp.) in Bahamian waters with implications for a sustainable recreational
fishery. Biol. Conserv. 118, 599-607.

Cooke, S.J., Suski, C.D., 2005. Do we need species-specific guidelines for catch-and-
release recreational angling to effectively conserve diverse fishery resources?
Biodivers. Conserv. 14, 1195-1209. https://doi.org/10.1007/s10531-004-7845-0.

Corsi, M.P., Cooke, S.J., Danylchuk, A.J., Guckian, M.L., Kozfkay, J.R., Quist, M.C., 2025.
Points of consensus on catch-and-release: considerations for science, ethics, and
fisheries management. Fisheries, vuae024.

Crabtree, R.E., Stevens, C., Snodgrass, D., Stengard, F.J., 1998. Feeding habits of
bonefish, Albula vulpes, from the waters of the Florida Keys. Fish. Bull. 96, 754-766.

Dallas, L., Shultz, A., Moody, A., Sloman, K., Danylchuk, A., 2010. Chemical excretions of
angled bonefish Albula vulpes and their potential use as predation cues by juvenile
lemon sharks Negaprion brevirostris. J. Fish. Biol. 77, 947-962.

Danylchuk, A.J., et al., 2011. Aggregations and offshore movements as indicators of
spawning activity of bonefish (Albula vulpes) in The Bahamas. Mar. Biol. 158,
1981-1999.

Danylchuk, A.J., et al., 2023. Cascading effects of climate change on recreational marine
flats fishes and fisheries. Environ. Biol. Fishes 106, 381-416.

Danylchuk, A.J., et al., 2024. Physiological response of milkfish (Chanos chanos) to
capture in a fly fishing catch-and-release recreational fishery. Fish. Manag. Ecol.,
el2741

Danylchuk, S.E., Danylchuk, A.J., Cooke, S.J., Goldberg, T.L., Koppelman, J., Philipp, D.
P., 2007c. Effects of recreational angling on the post-release behavior and predation



L.P. Griffin et al.

of bonefish (Albula vulpes): the role of equilibrium status at the time of release.
J. Exp. Mar. Biol. Ecol. 346, 127-133.

Danylchuk, A.J., Danylchuk, S.E., Cooke, S.J., Goldberg, T.L., Koppelman, J.B.,
Philipp, D.P., 2007b. Post-release mortality of bonefish, Albula vulpes, exposed to
different handling practices during catch-and-release angling in Eleuthera, The
Bahamas. Fish. Manag. Ecol. 14, 149-154. https://doi.org/10.1111/j.1365-
2400.2007.00535.x.

Danylchuk, A., Danylchuk, S., Philipp, D.P., Goldberg, T.L., Cooke, S.J., Koppelman, J.,
2007a. Ecology and management of bonefish (Albula spp.) in the Bahamian
Archipelago. In: Ault, J.S. (Ed.), Biology and management of the world tarpon and
bonefish fisheries. CRC Press, Boca Raton, FL, pp. 79-90.

Davis, M.W., 2010. Fish stress and mortality can be predicted using reflex impairment.
Fish Fish 11, 1-11.

Filmalter, J., Dagorn, L., Cowley, P., 2013. Spatial behaviour and site fidelity of the
sicklefin lemon shark Negaprion acutidens in a remote Indian Ocean atoll. Mar. Biol.
160, 2425-2436.

Filous, A., et al., 2021. Fisheries science and marine education catalyze the renaissance of
traditional management (rahui) to improve an artisanal fishery in French Polynesia.
Mar. Policy 123, 104291. -104291.

Filous, A., Lennox, R.J., Clua, E.E.G., Danylchuk, A.J., 2019a. Fisheries selectivity and
annual exploitation of the principal species harvested in a data-limited artisanal
fishery at a remote atoll in French Polynesia. Ocean Coast. Manag. 178, 104818.
-104818.

Filous, A., Lennox, R.J., Coleman, R.R., Friedlander, A.M., Clua, E.E.G., Danylchuk, A.J.,
2019b. Life-history characteristics of an exploited bonefish Albula glossodonta
population in a remote South Pacific atoll. J. Fish. Biol. 95, 562-574.

Griffin, L.P., et al., 2021. Cooperative monitoring program for a catch-and-release
recreational fishery in the Alphonse Island group, Seychelles: from data deficiencies
to the foundation for science and management. Ocean Coast. Manag. 210, 105681.
-105681.

Griffin, L.P., et al., 2022. Short-term response of giant trevally (Caranx ignobilis) to
capture and handling in a catch-and-release fly fishing recreational fishery, Republic
of the Seychelles, Western Indian Ocean. Fish. Res. 252, 106337.

Griffin, L.P., et al., 2023. There’s no place like home: high site fidelity and small home
range of bonefish (Albula vulpes) inhabiting fringing reef flats in Culebra, Puerto
Rico. Environ. Biol. Fishes 106, 433-447.

Griffin, L.P., Haak, C.R., Brownscombe, J.W., Griffin, C.R., Danylchuk, A.J., 2019.

A comparison of juvenile bonefish diets in Eleuthera, The Bahamas, and Florida, U.S.
Environ. Biol. Fishes 102. https://doi.org/10.1007/s10641-018-0822-3.

Griffin, L.P., Hollema, H.M., Kneebone, J., McCormick, S.D., Skomal, G.B., Danylchuk, A.
J., 2024. Physical injury, physiological stress, and behavior impairment of striped
bass (Morone saxatilis) after catch-and-release by spin and fly angling. Fish. Manag.
Ecol., e12703

Guttridge, T.L., Myrberg, A.A., Porcher, LF., Sims, D.W., Krause, J., 2009. The role of
learning in shark behaviour. Fish Fish 10, 450-469.

Hartig F. (2024) DHARMa: Residual Diagnostics for Hierarchical (Multi-Level / Mixed)
Regression Models. R package version 0.4.7, <(https://CRAN.R-project.org/pack
age=DHARMa)>

Holder, P.E., Griffin, L.P., Adams, A.J., Danylchuk, A.J., Cooke, S.J., Brownscombe, J.W.,
2020. Stress, predators, and survival: exploring permit (Trachinotus falcatus) catch-
and-release fishing mortality in the Florida Keys. -151289 J. Exp. Mar. Biol. Ecol.
524, 151289. https://doi.org/10.1016/j.jembe.2019.151289.

Kassambara A., Kosinski M., Biecek P., Fabian S. (2024) survminer: Drawing Survival
Curves using ’ggplot2’. R package version 0.5.0, <(https://CRAN.R-project.org/p
ackage=survminer)> .

Kleinbaum D.G., Klein M. (2012) Kaplan-Meier survival curves and the log-rank test.
Survival analysis: a self-learning text:55-96.

Klinard, N.V., Matley, J.K., 2020. Living until proven dead: addressing mortality in
acoustic telemetry research. Rev. Fish. Biol. Fish. 30, 485-499.

Lennox, R.J., et al., 2017. Factors influencing postrelease predation for a catch-and-
release tropical flats fishery with a high predator burden. North Am. J. Fish. Manag.
37, 1045-1053.

Fisheries Research 286 (2025) 107387

Lennox, R., et al., 2024. Using vitality indicators to predict survival of aquatic animals
released from fisheries. Conserv. Physiol. 12, coae034.

Lennox, R.J., Dahlmo, L.S., Ford, A.T., Sortland, L.K., Vogel, E.F., Vollset, K.W., 2023.
Predation research with electronic tagging. Wildl. Biol. 2023, e01045.

Lenth R.V. (2024) emmeans: Estimated Marginal Means, aka Least-Squares Means. R
package version 1.10.5, (https://CRAN.R-project.org/package—emmeans).

Lombardo, S.M., Adams, A.J., Danylchuk, A.J., Luck, C.A., Ajemian, M.J., 2020. Novel
deep-water spawning patterns of bonefish (Albula vulpes), a shallow water fish. Mar.
Biol. 167, 1-11.

Liidecke D. (2024) sjPlot: Data Visualization for Statistics in Social Science. R package
version 2.8.17, (https://CRAN.R-project.org/package=sjPlot).

Liidecke, D., Ben-Shachar, M.S., Patil, I., Waggoner, P., Makowski, D., 2024.
performance: an R package for assessment, comparison and testing of statistical
models. https://doi.org/10.21105/j0ss.03139. J. Open Source Softw. 6.

Matley, J.K., et al., 2024. Long-term effects of tagging fishes with electronic tracking
devices. Fish Fish.

Mitchell, J.D., et al., 2023. Shark depredation: future directions in research and
management. Rev. Fish. Biol. Fish. 33, 475-499.

Moxham, E.J., Cowley, P.D., Bennett, R.H., von Brandis, R.G., 2019. Movement and
predation: a catch-and-release study on the acoustic tracking of bonefish in the
Indian Ocean. Environ. Biol. Fishes 102, 365-381.

Murchie, K.J., et al., 2013. Movement patterns of bonefish (Albula vulpes) in tidal creeks
and coastal waters of Eleuthera, The Bahamas. Fish. Res. 147, 404-412.

Murchie, K.J., Haak, C.R., Power, M., Shipley, O.N., Danylchuk, A.J., Cooke, S.J., 2019.
Ontogenetic patterns in resource use dynamics of bonefish (Albula vulpes) in the
Bahamas. Environ. Biol. Fishes 102, 117-127.

Ostrega, M., Adams, A.J., Pina-Amargés, F., Cooke, S.J., Bailey, M., 2023. A stakeholder-
engaged approach to evaluating spawning aggregation management as a strategy for
conserving bonefish (Albula vulpes) in Cuba. Environ. Biol. Fishes 106, 161-179.

Pauly, D., 2018. A vision for marine fisheries in a global blue economy. Mar. Policy 87,
371-374.

Pelletier, C., Hanson, K.C., Cooke, S.J., 2007. Do catch-and-release guidelines from state
and provincial fisheries agencies in North America conform to scientifically based
best practices? Environ. Manag. 39, 760-773.

Perez, A.U., Schmitter-Soto, J.J., Adams, A.J., 2020. Towards a new shift in conservation
and management of a fishery system and protected areas using bonefish (Albula
vulpes) as an umbrella species in Belize and Mexico. Environ. Biol. Fishes 103,
1359-1370.

R Core Team, 2024. R: A Language and Environment for Statistical Computing.

R Foundation for Statistical Computing. R Foundation for Statistical Computing,
Vienna.

Raby, G.D., et al., 2012. Validation of reflex indicators for measuring vitality and
predicting the delayed mortality of wild coho salmon bycatch released from fishing
gears. J. Appl. Ecol. 49, 90-98.

Raby, G.D., Packer, J.R., Danylchuk, A.J., Cooke, S.J., 2014. The understudied and
underappreciated role of predation in the mortality of fish released from fishing
gears. Fish Fish 15, 489-505.

Smith, M., Fedler, A.J., Adams, A.J., 2022. The economic impact of a recreational fishery
provides leverage for conservation. Environ. Biol. Fishes 106, 131-145.

Spencer, T., Hagan, A., Hamylton, S., 2009. Atlas Amirantes.

Suski, C.D., et al., 2007. Physiological disturbance and recovery dynamics of bonefish
(Albula vulpes), a tropical marine fish, in response to variable exercise and exposure
to air. Comp. Biochem. Physiol. Part A: Mol. Integr. Physiol. 148, 664-673.

Therneau T.M. (2024) A Package for Survival Analysis in R. R package version 3.7-0,
<(https://CRAN.R-project.org/package=survival)> .

Tukey, J.W., 1977. Exploratory data analysis. Springer.

Wallace, E.M., Tringali, M.D., 2016. Fishery composition and evidence of population
structure and hybridization in the Atlantic bonefish species complex (Albula spp.).
Mar. Biol. 163, 1-15.

Wood, A.L., Butler, J.R.A., Sheaves, M., Wani, J., 2013. Sport fisheries: opportunities and
challenges for diversifying coastal livelihoods in the Pacific. Mar. Policy 42,
305-314. https://doi.org/10.1016/j.marpol.2013.03.005.



