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Abstract

Accurate estimation of post-release survival is fundamental to fisheries stock assessment and effective management. Con-
ventional tag-return studies and acoustic telemetry are commonly used to estimate this probability, yet each approach has
limitations when applied independently. Using gag (Mycteroperca microlepis) as a case study, we integrated data from a
large-scale conventional tagging program and an acoustic telemetry experiment within a discrete-time statistical modeling
framework that links relative recapture risk with telemetry-derived fate. This approach enabled estimation of post-release
survival across a broad gradient of capture depths representative of recreational fishing conditions. Estimated survival was
high in shallow waters (≈97%) but declined with increasing capture depth, consistent with depth-related barotrauma. Ap-
plying model predictions to depth distributions from the recreational fishery yielded annual and monthly post-release survival
probabilities. Annual estimates were consistent with values assumed in recent stock assessments, while monthly values high-
lighted seasonal patterns potentially relevant for management. This integrated framework advances post-release survival
estimation by combining the extensive sample sizes and environmental coverage characteristic of conventional tagging data
with the direct fate observations provided by acoustic telemetry, and offers a transferable approach for other highly targeted
fisheries.

Keywords: Discard mortality • Barotrauma • Bayesian modeling • Mycteroperca microlepis

Introduction

Accurate estimation of recreational post-release survival is
critical for understanding the population-scale consequences
of fishing practices. Marine fisheries in industrialized nations
are increasingly dominated by the recreational sector (Ihde
et al. 2011; Hyder et al. 2018; Shertzer et al. 2019; Brown-
scombe et al. 2019; Bower et al. 2020), with recreational har-
vest in some regions routinely exceeding commercial catch
(e.g., Shertzer et al. 2019). For many highly targeted and in-
tensively managed species, regulatory discards may substan-
tially outnumber retained harvest (Runde et al. 2019; Shertzer
et al. 2019; Shertzer et al. 2024). Under these conditions, low
post-release survival of discarded fish can contribute dispro-

portionately to total fishing mortality, potentially undermin-
ing management objectives and conservation targets (Coggins
et al. 2007; Tetzlaff et al. 2013; Shertzer et al. 2024).

Two common approaches for estimating post-release sur-
vival in recreational fisheries are conventional tagging and
acoustic telemetry, both of which allow researchers to moni-
tor the fate of released fish over time. In conventional tagging
studies, fish are captured, fitted with external tags, and re-
leased back into the wild (e.g., Rudershausen et al. 2014; Sauls
2014; Runde et al. 2019; Stallings et al. 2023). Tags typically
display a unique identification number, contact information,
and a reward notice to encourage reporting by anglers. Upon
recapture, tag returns provide information on the timing and
location of recovery, enabling inference of survival over the
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intervening period. Data collected at the time of tagging –
such as capture date, location, size, condition, and environ-
mental variables – can be used to assess factors influencing
recapture rates, which are interpreted as an index of rela-
tive post-release survival. Acoustic telemetry studies employ
electronic tags that emit coded acoustic signals detected by
stationary receiver arrays (e.g., Curtis et al. 2015; Bohaboy
et al. 2020; Rudershausen et al. 2025; Zimmermann et al.
2025). This technology allows near-continuous monitoring of
individual fish, providing high-resolution data on movement
patterns and timing of mortality events.

While both approaches provide valuable insights, they dif-
fer in spatial extent, sample size, and the type of survival
inference they support. Conventional tagging programs can
cover large areas and release hundreds to thousands of fish
over broad temporal and environmental gradients (e.g., Sauls
2014; Rudershausen et al. 2019; Rudershausen et al. 2023;
Hyman et al. 2026b), but reporting rates are generally un-
known. As a result, only relative survival can typically be
estimated using recapture ratios (i.e., “relative risk”; Hueter
et al. 2006; Rudershausen et al. 2014; Sauls 2014; Runde et
al. 2019; Rudershausen et al. 2020), with absolute survival in-
ferred only under specific conditions or from external data. In
contrast, acoustic telemetry facilitates estimation of absolute
post-release survival based on telemetry-derived fate assign-
ment (e.g., Runde et al. 2021), yet these studies are generally
constrained in spatial extent and sample size due to logisti-
cal and cost limitations (e.g., Alonso-Fernández et al. 2022;
Bohaboy et al. 2020; Runde et al. 2021; Rudershausen et al.
2025; Zimmermann et al. 2025).

One approach to overcome these inherent limitations is to
combine multiple methodologies. Electronic tagging data can
provide estimates of absolute post-release survival for fish un-
der specific release conditions, including size, handling stress,
and environmental context (e.g., Rudershausen et al. 2019;
Alonso-Fernández et al. 2022). These high-resolution data al-
low researchers to directly observe mortality events, providing
a benchmark or “anchor” for survival estimates. When paired
with large-scale conventional tagging data, relative survival
among fish from different release environments can be scaled
to absolute values. This integrative framework allows extrap-
olation of absolute post-release survival across broader envi-
ronmental gradients and fish populations than either method
alone. Despite the complementary nature of these approaches,
few studies have formally integrated conventional tag-return
and acoustic telemetry data within a unified statistical frame-

work (Pollock et al. 2004; Bacheler et al. 2009; Benoît et al.
2020; Scheffel et al. 2020), and none – to the best of our
knowledge – have applied such models to estimate absolute
post-release survival from observed data.

In this study, we constructed and applied a discrete-time
statistical model to conventionally and acoustically tagged
gag (Mycteroperca microlepis) captured and released offshore
of Tampa Bay, USA. This approach facilitated extrapolation
of absolute post-release survival across broader environmen-
tal gradients, producing more robust, management-relevant
estimates than either method alone. Our study demonstrates
how integrating multiple datasets can improve understanding
of post-release survival patterns, inform stock assessments,
and guide evidence-based fisheries management.

Methods

We analyzed tag-return records from 3,363 gag collected be-
tween 2009 and 2012 as part of the Florida Fish and Wildlife
Conservation Commission (FWC), Fish and Wildlife Research
Institute’s (FWRI) For-Hire At-Sea Observer Survey (here-
after, the Observer Program). Observer Program biologists
fit discarded gag with Hallprint dart tags, each consisting of a
monofilament streamer with a unique identification number,
a toll-free reporting hotline, an email contact, and the word
“reward”. At the time of release, fish midline length (mm),
fishing depth (measured using the vessel’s depth sounder),
date and time, geographic location, and hook position (lip,
mouth, eye, gill, throat, or gut) were recorded. The program
was highly publicized statewide, and anglers returning tags re-
ceived a free t-shirt to incentivize participation (Sauls 2014).
Additional details are provided in Sauls (2014).To align with
the spatial extent of the acoustic telemetry experiment and
control for potential regional variability in the reporting rate,
we limited our consideration to gag released offshore of Tampa
Bay, USA (i.e., approximately 85% of all gag analyzed in
Sauls 2014, Fig. 1). We converted midline length to total
length (TL, mm) using the linear equation provided in Chih
(2006) and report this measure to remain consistent with the
units used in the acoustic telemetry experiment. All length
values hereafter refer to TL unless otherwise specified.

Between December 2013 and February 2017, 90 gag were
captured, tagged, and released at acoustic monitoring sta-
tions. There were 30 acoustic monitoring stations in total;
located 10-90 km offshore of Tampa Bay (5-40 m depth; Fig.
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Figure 1: Map of conventionally tagged gag release locations from 2009 through 2012 (blue circles) and acoustic telemetry
stations monitored from 2013 through 2017 (red triangles) offshore of Tampa Bay. Darker colors correspond to higher densities
of conventional tag releases. Lines show isobaths from 20 m to 140 m at 20 m intervals.

1). Each station contained at least one Vemco VR2W re-
ceiver positioned 25-100 m from the station center, with an
estimated detection radius of 150-750 m; receivers were ser-
viced and data was downloaded regularly. Fish were captured
by experienced recreational offshore anglers instructed to fish
as normal. Hook position, TL, and barotrauma symptoms
were recorded upon capture. Individuals were fitted with ei-
ther a V9 transmitter (TL < 600 mm; Vemco V9P-2x, 69
kHz) or a V13 transmitter (TL ≥ 600 mm; Vemco V13P-1x,
69 kHz), along with a Hallprint dart tag, with both tags at-
tached on the same side of the body. Transmitters included
pressure sensors that recorded depth at 30-180 s intervals, en-
abling confirmation of post-release movement and estimation
of fish depth when tagged individuals were within receiver
range. Fish were either surface-released without venting (N

= 23), vented and released at surface (N = 35), or descended
with a recompression device (N = 32). To remain consistent
with the conventional tagging project, only surface-released
fish (i.e., vented or unvented) were considered (N = 58).

Fish that failed to produce detections beyond two days
post-release and were not subsequently recaptured were clas-
sified as having died post-release. This criterion was selected
based on (1) high gag site fidelity (Lindberg et al. 2006), (2)
post-release detection patterns of surviving individuals, and
(3) prior telemetry studies indicating that acute discard mor-
tality typically occurs within this window for other demersal
reef species (e.g., Rudershausen et al. 2025; Zimmermann et
al. 2025). In our dataset, the next shortest duration of post-
release detection for a surviving fish was nine days, provid-
ing additional empirical support that the two-day threshold
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Figure 2: Conceptual diagram modified from (Hyman et al. 2026b) depicting processes determining the fate of a conventionally
tagged gag at each time step, resulting in either recapture (R = t, blue box) or loss (R = 0, red boxes). The sequence of
events is: (1) survival of the immediate post-release period with probability ψ; (2) remain in the risk pool with probability
ϕ; (3) encountered with probability η; (4) if encountered, reported with constant probability ξ; or (5) if not encountered,
repeat steps 2–5 until encountered, lost, or censored at the end of the study. Graphics were obtained, in part, through the
Integrated Application Network (IAN) Image Library, and J. Van Vaerenbergh.

reliably captured acute mortality without misclassifying sur-
vivors (i.e., results were identical across thresholds ranging
from two to nine days).

Analysis

Model structure

We modeled post-release survival of both conventionally
tagged and acoustically tagged gag via a modified Cormack-
Jolly-Seber (CJS) framework (Hyman et al. 2026b). The
probability of a tagged fish being recaptured at time t is par-
titioned into: (1) immediate post-release survival (ψ); (2) re-
maining at risk at subsequent time steps (ϕ); (3) encounter
probability by anglers (η); and (4) probability of reporting (ξ;
Fig 2).

In general, for any t ≥ t0, the probability of recapture is:

Pr(R = t) = ψi

t−1∏
s=t0

(
ϕ(1− η)

)
ϕηξ

This formulation represents the probability that a fish sur-
vives initial release, remains alive and not encountered
through time t−1, survives natural mortality at time t, is en-
countered by anglers, and is reported. Meanwhile, the proba-
bility of never being recaptured (censoring) is the complement
of the summed recapture probabilities:

Pr(R = 0) = 1−
T∑

t=t0

Pr(R = t)

= 1−
T∑

t=t0

[
ψ

t−1∏
s=t0

(
ϕ(1− η)

)
ϕηξ

]
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The parameters ψ, ϕ, η, and ξ can subsequently be estimated
from data either as constants or functions of predictors.

We considered the depth of fishing as the primary determi-
nant of post-release survival. Because gag are demersal (e.g.,
Lindberg et al. 2006; Biesinger et al. 2013), fishing depth
was assumed to approximate capture depth; we therefore use
“capture depth” hereafter (denoted “Depth” in equations). Al-
though additional variables such as fish length, water tem-
perature, and hook trauma were initially considered as po-
tential predictors, exploratory analyses (Appendix A; Fig S1)
indicated that these factors did not explain meaningful varia-
tion in post-release survival (acoustic telemetry) or recapture
rates (conventional tagging), consistent with previous work
(Hyman et al. 2026c). Consequently, these variables were
excluded from analysis. Moreover, although venting likely af-
fects post-release survival, angler decisions to vent are usually
determined by depth: some anglers vent every fish of a given
species once beyond a certain depth, while others vent only
when external barotrauma symptoms are present, which are
more prominent in deeper waters. Indeed, in both experi-
ments, venting was positively correlated with depth. Because
our objective was to estimate the total effect of depth (both
direct and indirect) rather than isolate venting effects, includ-
ing this variable would induce post-stratification bias.

For both data types, post-release survival, ψ, was modeled
as a function of capture depth using a logit link to constrain
values to the probability scale:

logit(ψ) = β0 + β1Depth

Here, β0 denotes baseline survival in logit space, and β1
represents the effect of capture depth on post-release sur-
vival. We assumed baseline post-release survival followed a
Beta(15, 1) prior by adopting a non-informative uniform prior
– i.e., Beta(1, 1) – and updating it using directly observed
post-release survival trials from previous work(Burns et al.
2002). This distribution was approximated with a normal
distribution in logit space centered at 3.25 with a standard de-
viation of 1.31. For β1, logistic regression results from 3,876
conventionally tagged gag released along the Atlantic coast
of the United States estimated a depth effect of -0.032 (SE
= 0.004; McGovern et al. 2005). We assigned a prior of
N(−0.032, 0.04), inflating the reported standard error by a
factor of ten to reflect uncertainty in transferability across
regions and study designs. Sensitivity analyses evaluating
weaker priors (i.e., variance = 4) for both beta coefficients
did not appreciably change our results, and we therefore con-

cluded that the model was robust to modest variation in the
choice of priors.

For acoustic telemetry data, post-release survival for each
fish j was represented as a binary variable (yj ; where 1 =
survival and 0 = death), and modeled explicitly using logistic
regression:

yj ∼ Bernoulli(ψ⋆
j ), logit(ψ⋆

j ) = β0 + β1Depth⋆
j

The parameter vector ψ⋆
j is meant to differentiate post-release

survival probabilities estimated for the jth acoustically tagged
fish from estimates corresponding to ith conventionally tagged
fish (i.e., ψi).

Notably, because the post-release survival probabilities of
conventionally tagged fish ψi and the reporting rate ξ en-
ter the likelihood as a product, these parameters are struc-
turally non-identifiable without direct fate observations of
post-release survival provided by acoustically tagged fish. By
parameterizing post-release survival with shared β coefficients
across both tag types, the reporting rate ξ becomes separately
estimable on the logit scale. The parameter λ – the logit-
transformed reporting rate – was assigned a N(0, 1.5) prior,
corresponding to a flat prior in 0-1 probability space.

For conventionally tagged fish, the probability of remain-
ing at risk of recapture (i.e., surviving with an intact tag;
ϕ) was modeled via the relationship ϕ = exp(−M), where
M denotes instantaneous monthly natural mortality (e.g.,
Williams-Grove and Szedlmayer 2016). Literature-derived

mortality estimates were incorporated by placing a prior on
the parameter γ corresponding to log(M) using a log-log link.
The most recent stock assessment estimated annual instanta-
neous natural mortality for Gulf gag aged approximately 2-7
years (consistent with the size range of conventionally tagged
individuals) between 0.19 and 0.36 (SEDAR72 2021). Assum-
ing constant mortality throughout the year, these values were
converted to monthly rates. The log-transformed monthly
mortality estimates yielded a mean of -3.88 with a standard
deviation of 0.23, which was used as the prior for γ.

To separate variation in encounter rates (η) from true post-
release survival in our conventional tagging data, we divided
the study area into 0.25◦ × 0.25◦ latitude–longitude cells
(≈ 682 km2 each), yielding L = 20 spatially distinct locations.
Time was discretized into monthly intervals (T = 44). Fish
at large beyond December 2012 were censored. Seasonal vari-
ation in effort was modeled using harmonic regression terms
(i.e., sine- and cosine-transformed temporal data denoted x)
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for annual and semi-annual periodicities (Trudeau et al. 2022;
Hyman et al. 2024; Hyman et al. 2026a). Spatial heterogene-
ity in effort was captured via location-specific random effects
τl[i]. The harmonic terms allow the model to capture pre-
dictable seasonal variation in recreational fishing, while ran-
dom effects account for consistently higher or lower activity
in particular areas (e.g., near urban centers vs offshore). The
linear predictor was constrained to the 0-1 probability scale
using a complementary log-log link. The hazard of encounter
for a given fish is scaled by size-selectivity σi to reflect size-
dependent vulnerability to recapture. Aggregate selectivity
was estimated based on recreational selectivity curves for cir-
cle hooks as a function of gape-size, weighted to the distribu-
tion of hook sizes recorded by the Observer Program during
the time-frame and location of the conventional tagging study
(details provided in Appendix B; Fig S2).

The full model for the probability of recapture for conven-
tionally tagged fish i at time t in location l[i], and acoustically
tagged fish j is therefore:

Pr(Ri = t) = ψi

t−1∏
s=t0[i]

(
ϕ(1− ηi,s,l[i])

)
ϕηi,t,l[i]ξ

Pr(Ri = 0) = 1−
T∑

t=t0[i]

[
ψi

t−1∏
s=t0[i]

(
ϕ(1− ηi,s,l[i])

)
ϕηi,t,l[i]ξ

]
logit(ψi) = β0 + β1Depthi

yj ∼ Bernoulli(ψ⋆
j ), logit(ψ⋆

j ) = β0 + β1Depth⋆
j

logit(ξ) = λ, ϕ = exp
(
− exp(γ)

)
ηi,t,l[i] = 1− exp

(
− exp

(
α0 +

Q∑
q=1

xt,qαq + τl[i]

)
σi

)
β0 ∼ N(3.25, 1.31), β1 ∼ N(−0.032, 0.04)

α ∼ N(0, 1), γ ∼ N(−3.88, 0.23), λ ∼ N(0, 1.5)

Model implementation and validation

All models were implemented in Stan (Gelman et al. 2015;
Stan Development Team 2022) via R. Four chains were run
with 1,000 warm-up and 1,000 sampling iterations each, yield-
ing 4,000 posterior draws. Convergence was assessed via R̂
(≈ 1 at convergence). Covariates were considered meaningful
if 80% credible intervals (CIs) excluded zero. Unless other-
wise noted, reported values are maximum a posteriori (MAP)

estimates with 80% CIs. Simulation-based validation was con-
ducted to evaluate the model’s ability to recover known pa-
rameter values under conditions reflecting the structure and
sampling characteristics of the observed data (Appendix C).
Posterior predictive checks were subsequently performed to
assess model performance by (1) comparing in-sample pre-
dictions with observed recapture frequencies and post-release
survival outcomes and (2) comparing estimated probabilities
of encounter to local estimates of angler effort for reef fish
(derived from Hyman et al. 2024, Appendix C).

Projections

Using Observer Program data as a proxy for the recreational
fleet and posterior draws from our model, we estimated
monthly and annual post-release survival during 2023, 2024,
and 2025. For each recorded gag discard p, the depth of cap-
ture Depthp and posterior draw d were used to compute the
post-release survival probability ψ(d)

p as:

ψ(d)
p =

exp
(
β
(d)
0 + β

(d)
1 Depthp

)
1 + exp

(
β
(d)
0 + β

(d)
1 Depthp

)
We estimated the average post-release survival for each month
m and posterior draw d by averaging predicted probabilities
across all observations p within that month:

ψ(d)
m =

1

O[m]

∑
p∈O[m]

ψ(d)
p

where O[m] denotes the set of observations in month m. Re-
peating this calculation across all posterior draws yields the
full posterior distribution of monthly post-release survival
probabilities, ψm. We repeated this procedure at the annual
resolution for each year to obtain the full posterior distribu-
tion of post-release survival for years 2023, 2024, and 2025.

Results

For conventionally tagged gag, capture depth ranged from 3
to 93 m (median = 19 m), and total length ranged from 248 to
1012 mm (median = 490 mm). Acoustically tagged gag were
captured at depths between 6 and 37 m, with total lengths
ranging from 443 to 803 mm. Among conventionally tagged
individuals, 356 fish were recaptured and reported, corre-
sponding to a 10.2% return rate. The median time at large for
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Figure 3: Proportions of gag that A) were recaptured or B) survived post-release as a function of depth (binned to 5 m
intervals) based on raw conventional tagging and acoustic telemetry data, respectively. Point size is relative to the number
of fish in each depth bin, which varies based on experiment.

recaptured fish was 57 days (range: 1–1,058 days). Of the 58
acoustically tagged fish considered, 54 survived post-release
(93.1% survival). Both recapture proportions (conventional
tags) and post-release survival (acoustic tags) declined with
increasing capture depth (Fig. 3). No post-release mortal-
ity was observed among acoustically tagged gag released at
depths shallower than 25 m.

Validation and diagnostic exercises indicated model infer-
ences were robust. Simulations indicated that the model
framework reliably captured true parameter estimates in pos-
terior distributions (Fig. S3), and posterior predictive checks
showed strong agreement with the observed data (Fig. S4).

Moreover, estimated seasonal variation in encounter probabil-
ity was consistent with independent estimates of local recre-
ational fishing effort, providing additional support that pro-
cesses pertaining to post-release survival, encounter, and re-
porting were separable (Fig. S5).

Model results supported the depth-related patterns ob-
served in the raw data. The MAP estimate of β0 corresponded
to a baseline post-release survival probability of 0.97 (80%
CI: 0.94–0.98). The MAP estimate of β1 was negative, and
its 80% CI excluded zero, indicating that post-release sur-
vival decreased meaningfully with increasing capture depth
(Table 1; Fig. 4). At 93 m, the maximum capture depth ob-
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served, predicted post-release survival declined to 0.32 (80%
CI: 0.12–0.64). The MAP estimate of ξ (reporting rate)
and ϕ (probability of remaining at risk) were 0.14 (80% CI:
0.13–0.15) and 0.98 (80% CI: 0.97-0.99), respectively.

Table 1: Posterior summary statistics – maximum a posteri-
ori (MAP) and 80% credible interval – of the predictor coeffi-
cients of the integrated tagging model. All values are rounded
to two decimal places.

Predictor 10% MAP 90%
β0 2.76 3.36 3.95
β1 -0.06 -0.05 -0.03
ξ 0.13 0.14 0.15
ϕ 0.97 0.98 0.99
α0 -2.25 -1.90 -1.69
α1 -0.10 0.01 0.14
α2 -0.05 0.04 0.15
α3 -0.56 -0.44 -0.35
α4 0.19 0.31 0.40

Monthly post-release survival rates, predicted from cap-
ture depth, exhibited clear seasonal variation corresponding
to changes in angler fishing behavior. Based on Observer Pro-
gram data (2023–2025), mean capture depths for discarded
gag were lowest in fall and winter (September-January); typ-
ically between 10 and 20 m (Fig. 5). These depths corre-
sponded to MAP post-release survival estimates of approx-
imately 0.93. Following February, mean capture depth in-
creased, reaching a seasonal maximum of 38 m in July, which
corresponded to a MAP survival estimate of 0.83. Annual
MAP estimates of post-release survival were 0.86 (80% CI:
0.80–0.93), 0.92 (80% CI: 0.88–0.95), and 0.87 (80% CI:
0.81–0.93) for 2023, 2024, and 2025, respectively.

Discussion

Integrating telemetry-derived fate information with large-
scale conventional tagging data within a unified statisti-
cal framework addresses key limitations inherent to each
methodology when applied independently (Benoît et al. 2020).
Our approach enabled the estimation of post-release survival
across a broad range of environmental conditions and as a
function of the specific conditions under which recreational
fishing occurs. Model results, applied to observed depths

Figure 4: Predicted gag post-release survival rates as a func-
tion of capture depth. The solid line denotes the maximum a
posteriori post-release survival estimate, whereas the band de-
notes the 80% credible interval. Higher uncertainty at deeper
capture depths corresponds with smaller sample sizes in con-
ventional tagging data.

of capture and release from the recreational for-hire fleet,
produced estimates that are broadly consistent with values
assumed in recent stock assessments and indicate high sur-
vivorship of recreationally released gag. More broadly, this
framework provides a tractable approach for estimating post-
release survival in highly targeted fisheries, particularly those
where regulatory discards frequently exceed retained catch.

Combining acoustic telemetry with conventional tagging
improved inference on gag post-release survival by address-
ing the limitations associated with each method when used
alone. For example, Sauls (2014) analyzed the same con-
ventional tagging dataset to estimate relative survival of gag
across a wide depth range but could not distinguish discard
mortality from imperfect reporting, instead providing abso-
lute survival estimates based on assumed baseline post-release
survival rates of 100%, 92.5%, and 85%. Conversely, abso-
lute post-release survival could be estimated from the acoustic
telemetry dataset alone, but only over a limited geographic
region and range of capture depths. By applying a statistical
model to a subset of the tagging data in combination with
acoustic telemetry observations from the same area and gen-
eral time frame, our integrated approach enabled the estima-
tion of post-release survival across the full range of environ-
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Figure 5: Seasonal variation in gag post-release survival probability estimated from Observer Program data (2023–2025).
(A) Median monthly capture depth of released gag, with error bars representing standard error. (B) Posterior predictive
distributions of monthly post-release survival based on observed capture depths. Circles denote the maximum a posteriori
predictive estimate, while bars denote the 80% credible interval.

mental conditions encountered by the fishery while grounding
baseline values in directly observed outcomes.

Patterns of post-release survival estimated in this study
are consistent with evidence from cage experiments and post-
release condition assessments of discarded gag. For example,
Burns et al. (2002) reported 100% survivorship of gag cap-
tured at 30 m and monitored in holding cages, indicating
a high capacity for survival following capture from moder-
ate depths under controlled conditions. In addition, observer
data from 1,650 gag discarded by anglers aboard for-hire ves-
sels between 2022 and 2024 indicated that 81% were released
without major external signs of barotrauma and were able
to return rapidly to depth (Hyman et al. 2026c), suggesting
high post-release survival. These observations align with our

acoustic telemetry results, in which no post-release mortality
was observed among the 32 gag released at depths ≤ 25 m.
Despite high survivorship at shallower depths, post-release
survival declined with increasing depth, consistent with pre-
vious studies documenting elevated barotrauma incidence and
impairment with greater capture depth for gag (Sauls 2014;
Hyman et al. 2026c) and demersal species more broadly (e.g.,
Burns 2009; Ferter et al. 2015; Runde et al. 2019; Bohaboy
et al. 2020; Ramsay et al. 2025).

Applying the results of our integrated model to observa-
tions from the recreational fishery enabled estimation of post-
release survival probabilities averaged across the environmen-
tal conditions and fishing practices actually experienced by re-
leased gag, providing the absolute post-release survival inputs
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required for stock assessments. Assuming that Observer Pro-
gram records are representative of both for-hire and private-
recreational fleets, survival probabilities for individual fish,
along with associated uncertainty, can be estimated based
on the environmental conditions at capture (Hyman et al.
2026b). Averaging these values across all fish produces robust
estimates of overall post-release survival, while the bounds of
uncertainty can be incorporated into assessments through sen-
sitivity analyses to evaluate how variability in survival affects
stock status determinations. Notably, our annually averaged
estimates of post-release survival from 2023, 2024, and 2025
(86%, 92% and 87%, respectively) align with the recreational
post-release survival rate used in the most recent Gulf gag
stock assessment (i.e., 88%; SEDAR72 2021), providing in-
dependent support for recent stock status determinations.

In addition to fishery-wide averages, our results reveal
temporal patterns with potential management relevance.
Monthly estimates indicate lower post-release survival dur-
ing summer months, corresponding to fishing in deeper water.
This information can guide outreach and mitigation efforts;
for example, targeting education on descending device use
during periods when anglers fish farther offshore may reduce
discard mortality. Such insights are particularly important
for vulnerable stocks, such as Gulf gag, which is currently
under a rebuilding plan following its recent designation as
impaired (SEDAR72 2021). Results also support the recent
decision to shift the recreational gag season start date from
June to September, which likely reduced overall dead discards
(Hyman et al. 2025).

More broadly, our integrated approach may be useful for es-
timating post-release survival of other highly targeted species.
When absolute post-release survival rates under specific en-
vironmental and fishing conditions are well-estimated using
abundant acoustic telemetry data (e.g., red snapper, Lut-
janus campechanus; Bohaboy et al. 2020; Runde et al. 2021;
Rudershausen et al. 2025; Zimmermann et al. 2025), conven-
tional tagging studies can incorporate these estimates as aux-
iliary information, priors within a Bayesian framework, or as
supplied data to anchor relative risk estimates. When such
information is unavailable, the simultaneous deployment of
conventional and electronic tags within the same geographic
region provides the opportunity to robustly estimate relation-
ships between post-release survival and relevant predictors
across a broad range of environmental conditions. Finally,
monitoring data are critical for applying experimentally de-
rived relationships to the specific conditions under which fish-

ing occurs, thereby refining post-release survival estimates
used in stock assessments and revealing spatiotemporal pat-
terns in survivorship that can inform management decisions.

Limitations and future work
Although our methodology represents an advancement in es-
timating post-release survival, inherent limitations remain.
First, the recapture model framework assumes that all tagged
fish encountered by anglers but not reported are removed from
the risk pool (i.e., harvested or released without a tag; Hy-
man et al. 2026b). While this assumption is implicit in all
relative-risk frameworks, including logistic and Cox regres-
sion, it is unrealistic because some fraction of unreported fish
is likely re-released with intact tags. If environmental condi-
tions during subsequent releases are similar to those at initial
capture and release, mortality risk may compound. For dem-
ersal species such as gag, which exhibit high site fidelity, fish
captured in deeper waters during repeated encounters are in-
creasingly susceptible to barotrauma, potentially exaggerat-
ing the relationship between depth and post-release survival
and underestimating overall survival rates. Although the rela-
tively high post-release survival observed in our study reduces
the practical impact of this bias for gag, it could be more con-
sequential for other highly targeted species. Future modeling
frameworks that relax this assumption would improve post-
release survival estimation when conventional tag-return data
are used.

Second, our estimates rely on the assumption that discard
practices recorded by the Observer Program are representa-
tive of the broader private-recreational fleet. This assump-
tion is commonly made in the absence of private-recreational
data, but estimates may be biased if fishing practices, such
as average fishing depth, differ substantially between the for-
hire fleet (well-represented in the Observer Program) and the
larger private-recreational fleet. Quantifying the degree to
which this assumption is valid would improve confidence in
post-release survival estimates and strengthen their applica-
tion to stock assessment and management.
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Appendix A: Exploratory data analy-
sis and predictor selection

We employed a combination of model selection and ex-
ploratory data analysis (EDA) to determine the final pre-
dictors of post-release survival in our integrated discrete-
time framework. First, we evaluated predictive performance
using acoustic telemetry data only, applying the estimated
log pointwise predictive density (ELPD) and corresponding
∆ELPD values, which quantified the difference in predic-
tive accuracy between each candidate model and the best-
performing model (Vehtari et al. 2017). ELPD reflects out-of-
sample predictive accuracy and was estimated via the approx-
imate Leave-One-Out Information Criterion (LOO-IC) (Gel-
man et al. 2015; Vehtari et al. 2017) using the loo package
(Vehtari et al. 2022). When ∆ELPD values were small (≤
4), we selected the simpler model for parsimony (Sivula et al.
2020).

Immediate post-release survival (1 = survived, 0 = died)
was initially modeled using logistic regression through the
brms package (Bürkner 2017). Candidate predictors included
capture depth, hook trauma (presence/absence of hooks in
eyes, throat, gills, or gut), total length, and the absolute dif-
ference between surface and bottom water temperatures at
the time of capture (Table S1).

Model selection indicated that depth alone (g0) was the
most parsimonious predictor of post-release survival. The
MAP estimate of the depth coefficient was negative (-0.20)
and its 80% credible interval excluded zero (-0.33 to -0.09),
confirming a meaningful negative relationship between cap-
ture depth and post-release survival.

EDA of conventional tagging data supported this conclu-
sion (Fig. S1). Scatter plots of recapture rates versus wa-
ter temperature differences revealed no discernible pattern.
While recapture probability declined noticeably with depth,
rates among fish with and without hook trauma were simi-
lar, and apparent size-related patterns in recapture rates were
consistent with the recreational selectivity curve (Appendix
B), rather than reflecting true survival differences. These
results corroborate prior work (Hyman et al. 2026c), which
found no detectable effects of length, hook trauma, or tem-
perature on gag release condition, but identified depth as a
key driver of post-release outcomes for this species.

Although the acoustic telemetry dataset was modest (N
= 58), posterior distributions were stable, and patterns

aligned with trends observed in the larger conventional tag-
ging dataset. We therefore concluded that capture depth was
the primary determinant of post-release survival in gag, and
selected it as the sole predictor in the integrated discrete-time
model.

Appendix B: Selectivity estimation

The probability of encountering a tagged fish is influenced
by gear selectivity, whereby individuals of certain sizes may
be less likely to be captured, all else being equal, for a given
hook size (e.g., Campbell et al. 2014; Christiansen et al. 2020;
Christiansen et al. 2022). Conditioned on fishing effort and re-
maining at risk, the relative probability that a fish of length L
is encountered, compared with the length at which encounter
probability is maximized, is defined as:

σL =
J∑

j=1

Pr(Hj)× Sel(L | Hj)

where Pr(Hj) denotes the probability that an angler uses
hook size Hj , and Sel(L | Hj) represents the relative selec-
tivity of hook size Hj for fish of length L.

To account for size-related bias in encounter probability, we
incorporated selectivity estimates derived from the distribu-
tion of hook sizes used in the recreational fishery. Specifically,
we constructed an aggregate selectivity curve as a proxy for
σL based on: (1) a lognormal selectivity function describing
Sel(Li | Hj) as a function of hook gape size, and (2) the pro-
portion of fishing effort associated with each hook gape size,
estimated from Observer Program data collected off Tampa
Bay between 2009 and 2012, used here as a proxy for Pr(Hj).

The lognormal selectivity function followed the formulation
of Christiansen et al. (2020), who estimated gear selectiv-
ity for red grouper (the closest available morphometric ana-
logue to gag) on the west coast of the Florida Peninsula using
fishery-independent survey data (Fig. S2A). Aggregate rela-
tive selectivity σL was then calculated as the weighted sum of
hook-specific selectivity curves, with weights corresponding
to the observed proportion of effort allocated to each hook
gape size (Fig. S2B). The resulting curve was normalized to a
maximum value of 1 (Fig. S2C) and used to scale the hazard
of encounter within the modeling framework.
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Appendix C: Model validation and di-
agnostics

Prior to formal analysis, we conducted a simulation study
to evaluate the model’s ability to recover known parameter
values under conditions reflecting the structure and sampling
characteristics of the observed datasets. Using the empirical
distributions of release conditions, locations, and times for
both conventionally and acoustically tagged gag, we gener-
ated a synthetic dataset consistent with the proposed data-
generating process, with parameter values fixed at known
quantities.

To ensure that parameter recovery was not artificially fa-
cilitated by prior specification, simulated data were fit using
a version of the model with weakly informative priors (i.e.,
N(0, 2) for all estimable parameters). Across simulations,
posterior estimates for fixed-effects parameters were gener-
ally centered near their true values, and the true parameter
values were consistently contained within all but one of the
corresponding 80% credible intervals and all 95% intervals
(Fig. S3). These results indicate that the model is capable of
reliable parameter recovery and does not exhibit evidence of
structural bias under realistic sampling conditions.

Following model fitting to the observed data, posterior pre-
dictive checks (PPCs) were conducted to evaluate whether
model predictions were consistent with observed values. For
each conventionally tagged gag and for each combination of
posterior draws, we simulated a time-to-recapture value. We
assessed model performance by comparing the overall pro-
portion of fish recaptured, examining predicted and observed
recapture probabilities grouped into evenly spaced bins, and
comparing the empirical distribution of observed recapture
times with distributions generated from 1,000 posterior pre-
dictive draws. In addition, the empirical cumulative distribu-
tion function (ECDF) of observed recapture times was com-
pared with ECDFs simulated from posterior predictive draws
(Fig. S4). Across all diagnostics, the results indicated a high
degree of agreement between observed recaptures and model
predictions.

In addition to PPCs, we evaluated seasonal encounter prob-
abilities based on the posterior distributions of the α param-
eters against independent estimates of local recreational reef-
fishing effort (Hyman et al. 2024), which are expected to cor-
relate with encounter probabilities (e.g., Hyman et al. 2026b).
For simplicity, spatial random effects were fixed at zero. Pos-

terior predictive distributions of seasonal encounter probabil-
ities showed peaks in spring and fall, consistent with observed
patterns in angler trips (Fig. S5), providing additional sup-
port that the model successfully partitioned post-release sur-
vival and encounter probabilities.
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Appendix D: Supplemental tables and figures

Table S1: Selection results for logistic regression models (gm) predicting gag post-release survival from acoustic telemetry
data, ranked by predictive performance using the approximate Leave-One-Out information criterion (LOO). Reported values
include ELPDLOO, the estimated log pointwise predictive density, and ∆ELPD, the difference between each model and the
best-performing model. Covariates include capture depth (Depth), hook trauma (Hook), total length (Length, mm), and
the absolute surface–bottom temperature difference at capture (∆Temp). The selected model (g0) is shown in bold.

Model Formula LOO ELPDLOO ∆ELPD

g1 Depth + Hook 24.25 -12.13 0.00
g2 Depth + Hook + Length 25.53 -12.76 -0.64
g0 Depth 26.45 -13.22 -1.10
g3 Depth + Hook + Length + ∆Temp 29.23 -14.62 -2.49
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Figure S1: Exploratory data analysis of recapture rates in the conventional tag dataset. Top-left: difference between surface
and bottom-water temperatures; top-right: depth (5 m bins) grouped by presence (1) or absence (0) of hook trauma; bottom:
fish size (50 mm bins), with the applied selectivity curve (Appendix B) scaled and superimposed. Linear regression lines are
overlaid where appropriate.
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Figure S2: Plots depicting aggregate relative size-selectivity curve (σ) estimation: A) Relative selectivity curves from each
hook gape size recorded in the Observer Program between 2009 and 2012, filtered for reef fish trips of Tampa Bay, based
on model outputs from Christiansen et al. (2020); B) the same relative selectivity curves with peaks scaled based on the
proportion of total effort spent fishing with each hook size; C) the resulting aggregate selectivity curve based on the weighted
sum of all six relative selectivity curves and standardized to have a maximum value of one. Values refer to midline (fork)
length to remain consistent with Christiansen et al. (2020).
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Figure S3: Posterior distributions of fixed-effect parameters obtained from the simulation-based parameter recovery analysis.
Histograms represent full posterior distributions. Points indicate maximum a posteriori estimates, thick dark blue bands
denote the corresponding 80% credible intervals, and thin dark bands correspond to 95% credible intervals. Red dashed lines
mark the true parameter values used to generate the simulated data.
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Figure S4: Posterior predictive checks based on conventional tagging data. (A) Distribution of simulated recapture propor-
tions with the observed recapture proportion indicated by the vertical line. (B) Posterior predictive calibration plot showing
agreement between predicted and observed recapture probabilities. Predicted probabilities were grouped into evenly spaced
bins, with the mean posterior predicted probability (x-axis) compared against the observed proportion of recaptures (y-axis)
in each bin. The dashed 1:1 line denotes perfect calibration; deviations reflect systematic bias in predicted recapture proba-
bilities. (C) A comparison of the empirical distribution of observed recapture times to the distributions of 1,000 scans from
the posterior predictive distribution. (D) Empirical cumulative distribution function (ECDF) of observed recapture times
compared with ECDFs simulated from posterior predictive draws.
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Figure S5: Conditional probabilities of encounter as a function of month. The solid line denotes the maximum a posteriori
post-release survival estimate, whereas the band denotes the 80% credible interval. The dashed black line denotes the
posterior median seasonal recreational angler reef fish effort for the West Florida Peninsula, scaled for comparability, from
Hyman et al. (2024)
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