Estimation of US Atlantic Red Snapper Abundance
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Study Dedication: Kyle Shertzer

This study and final report are dedicated to the memory of our
colleague, Kyle Shertzer, who passed away just prior to its
completion. Kyle was a brilliant scientist, a valued collaborator,
and a generous friend. His passing leaves a tremendous hole in
the scientific capacity of our region. As significant as that loss
1s, it 1s nowhere near as acute as the one felt by his family and
friends. Kyle is greatly missed by all who knew him.
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® Produce an estimate of absolute abundance of age-2+ red
snapper in U.S. Atlantic with a CV <0.3

® Estimate to serve as a benchmark for future stock assessments

® Utilize CKMR, optical data from video surveys, or a combination
of acoustics and optical data like the GRSC in the Gulf

® “Fisheries managers wish to know the total number of red
snapper and where they are, regardless of where the fishery
operates.”



SARSRP Study Objectives

Estimate the distribution and density of red snapper across the US Atlantic shelf from North Carolina
through the Florida Keys with ROVs in unknown or unconsolidated habitats

Develop a hierarchical Bayesian hierarchical integrated model to estimate age-2+ red snapper
population size based on Southeast Reef Fish Survey trap-camera and ROV survey data

Conduct genetic close-kin mark recapture (CKMR) analysis to estimate age-2+ red snapper
population size

Integrate/reconcile study results with the Atlantic red snapper stock assessment model
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Applying mark-resight, count, and telemetry data to
estimate effective sampling area and fish density with

stationary underwater cameras
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J. Reich @/, Kyle W. Shertzer©, and Nathan |. Hostetter &
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Corresponding author: Viviane Zalian (email: zulian viggmail com)

Abstract

Accurate estimates of abundance and density for geographically open populations must account for the effective sampling
area (ESA) of sampling gears. We describe a Marked N-Mixture model to estimate ESA and density (number of individualsfunit
area) from repeated counts of rked and marked individual ing mark-resight. camera counts, and telemetry data
of red snapper (Lutianus campechanus) at a 1.6 km® reef off North c:mhn:n. USA. Cameras recorded observations of unmarked and
marked individuals, whereas telemetry data indicated the number of tagged fish present on the reef. We estimated density (95
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An Integrated Approach to Estimating the Effective Sampling Area
of Baited Underwater Camera Traps

Benjamin R. Goldstein®, Krishna Pacifici’, Jeffrey A. Buckel®, Nathan M. Bacheler’, Ern M.
Schliep®, Brian J. Reich*, Kyle W. Shertzer’, Willilam F. Patterson III’, Joseph H. Tamecki®,
Nathan J. Hostetter®

*Department of Forestry and Environmental Resources, North Carolina State University,
Raleigh, NC, USA
D of Applied Ecology, Center for Marine Sciences and Technology, North Carolina

individualsjkm?, 95%C1: 58-149). ESA (which was lower when current direction was towards the camera), detection
(0.06, 95%C1: 0.03-0.09), and covari. studies under different scenarios of data quality and space use
identified positive bias in density estimates from N mixture models due to fish movement. In contrast, the Marked N-Mixture
maodel returned unbiased estimates of density, ESA. and detection parameters, and appears to be a more robust methoed for
modeling density given the data available for this analysis. This approach can be applied to other populations where count
and telemetry data overlap in space and time.

Key words: effective sampling area, mark-resight. N-mixture models, batch mark, red snapper. telemetry

Introduction 5
leaving the field of view of the camera results in an un-
Accurate estimates of abundance and density are critical known effective sampling area (ESA) that can bias estimates
for species conservation and management. Multiple sam-  of abundance and density (Chandler et al. 2011; Katsanevakis

pling methods have been developed to obtain high-quality
data for abundance estimates based on spatial and temporal
sampling (Nichols et al. 2000; Katsanevakis et al. 2012: Dénes
et al. 2015; Howe et al. 2017; Delisle et al. 2023). Recently,
the increase in remote sampling methods using stationary
cameras in aquatic (Cappo et al. 2006; Stobart et al. 2007;
Katsanevakis et al 2012; Baker et al 2022) and terrestrial en-
vironments (Burton et al. 2015; Steenweg et al. 2017; Delisle
et al. 2021: Kays et al. 2022) has created new opportunities
for sampling large areas in short periods of time, However,
estimation of abundance and density from stationary cam-
era counts is notoriously difficult in studies of mobile organ-
isms that are not uniquely identifiable (reviewed by Gilbert
et al. 2021). Specifically, movement of animals entering and

et al. 2012; Burton et al. 2015}, Further, the regular inclu-
sion of bait during camera studies exacerbates the challenge
of density estimation, as bait can attract individuals to the
camera view (Stoner 2004 Cappo et al. 2006; Bacheler et al.
2022).

Due to Ne
Mixture models m a common approach to analyze count
data collected in terrestrial environments (e.g., Royle 2004;
Kéry et al. 2005; Keever et al. 2017). and more recently,

aquatic (Flowers and Higl 2015; Som et
al 2018: Acre et al. Wum However. these models are sen-
sitive to ions, especially the

of a closed population within and across sampling occa-
sions (e.g.. Kéry et al. 2005; Chandler et al. 2011; Barker
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ARTICLE INFO ABSTRACT

Fareilid by Alsganérs Vamsna Volpodn Red CLugonus campachenas) is an loosk marine fish spovies akoag (e southeast Unisesd States oast.
e Duspite 5 ecokogical wnd economi knportiece, surprsiagly litk & koown about rod sapper bickogy and
Keywards Babitat use 08 (B¢ southesst United States Atlantle contisental shelf (SEUS). We wiod data from a loag-term
Ko ok

baited wip smd video servey (2011-2022), as well a from remotely aperaiod vehicie (ROV) sampling
M- (2021-3023), to quantify temporsl chaages Ia relative abundance, patierns of spatial distiibution, and habéeat
s e of red snapper b the SEUS. Using generalized addisive modeks, we showsd that red saapper lacreased ko
i reltive abundince from 2011 to 2022 by ~ 1000 % in both trap and video samples. Red snspper relitive
abundance was highest in mid-abelf wasers off e eams coust of Florida, Georgle, ssd, w 2 kesser exsont, off the
Ouster Basks of Nowth Casoling red snappes were Lkt common off southern North Caroling sad South Csnlias,
Highest relative abundance of red mapper ocunod in Keations with & moderate amount of aslural srocured
Babitac and high sealloor complexity and wire sever observed a1 randomly selectod ROV stations (n ~ 197)
lacking structured habitat, These ressdis lacrvase oor undortanding of the spacial and temporal dicribution of
rod smapper, improve cur knowledge of red snapper habltss ute, and can be used whes scaling local density
estimmates to (e ¢ntire SEUS,

Absedaser indes

1. Introduction

Red snapper (Lutjanus compechanus) is a large, early maturing (~
age-2), lang-lived (mnmnm obscrved age ~ S1 yoars), predatory fish  Dx
spocies that occurs from Cape Hatteras, North Carolina, to the Yucatan Mmppﬂnmmgﬂéelmdmwwhe-le:d&xﬂ
Peninsula, including the Gulf of Mexico (Manooch sad Petts, 1997 (Cowan Jr et al, 2011), and significant recreational and commercial

< and Mooee. 199%: SEDAR, 2021), Red snapper are faund acrass a
wide range of water depths on the continental shelf and shelf break,
from n-u-ml, shallow coastal habitats to deep mesopelagic habitats
Iznmanemmlrm!y faund mdephd

etal, 1999; Mitchell et al., 2014; Bacheler et al
2016). lkmhx]mrmlnmmhlylmnﬂm«mhﬂnm(mnmmni
shell hash and sand (Galliway e al.. 1999; Geary et al. 2007), while

Fisheries far red saapper have aperated in the region for many decades
w ¢ 2004; SEDAR 21). O the southeast United
States Atlantic continental shelf (bereafter, SEUS), red snapper com.
mercial landings increased throughout the 1950s and 19605 and peaked
at 473,000 kg in 1968, followed by 3 long decline through the 19%0s
(Marocch 11l o al. 199%). Recreational landings temporally lagged
behind the commercial harvest, peaking at 280,800 kg in 1985, but also

‘ to: Naticmal Marine Fisberies Service, Southesss Fisheries Schence Conter, 101 Fivers Isdand Road, Beaufors, NC 28516, USA.
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arg/lcenses/by-ne/d.0/)
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Stakeholder Insights Corroborate Habitat and Reef Fish Abundance on the
Southeastern U.S. Atlantic Continental Shelf
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Article

Discard mortality rates of Red Snapper after barotrauma
and hook trauma: Insights from using acoustic telemetry
in the U.S. South Atlantic

P.J. Rudershausen'”, B. . Runde*®, R. M. Tharp', J. H. Merrell', N. M. Bacheler™®,
W. F. Patterson III%, and J. A. Buckel'

*Center for Marine Sciences and Technology, Department of Applied Ecology, North Carolina State University, Morebead City,
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“Fisheries and Aquatic Sciences, University of Florida, Gatnesville, Flonda, USA
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ABSTRACT

b Westudied discard mortality of Red Snapper Lut hanis, a peef spe I dhook trauma
inits US. hooland line fisheries. Annusl numbers of discarded Red Saapper far exceed those barvested in federal fisheries management
regions, s phenamenon that emphasizes the importance of quantifying discard fates

Methods: To estimate discard mortality, three-di 1 it data were collected using acoustic telemetrytagsand a 3 km*array

af receivers deployed in 2019 and 2023 at a natural reef sres (38 m deep) off North Carolins, Relcase trestments were jsw-hooked or deep
hooked fish; all fish were returned to depth with a recompression device. We assigned a fate for each released Red Snapper based on move
ment profiles revealed by the acoustic detection data; fates included discard mortality, lost tag, emigrated/harvested, or alive within the
array when the receivers were retricved. A Kaplan-Meicr survivorship analysis was used to estimate the rates of discard survival for cach

release treatment.
Results: Mean proportional rates of discard mortality (1 = survival) were 0,063 (95% C1 =0.001-0,122) for jaw-hooked recompressed fish
and 0.875 (0.543-0.966) for deep-boaked recompressed fish.

Conclusions: Our study provides estimates of discard mortality for Red Snapper at a depth where the specics is often captured in U.S.
South Atlantic commercial and recreational fisheries. Our estimate of discard mostality for decp hooked Red Snapper is among the highest
published rates for fish in this release condition and demoastrates that deeply hooked Red Snapper will likely die

KEYWORDS: scoustic telemetry, discard mortality, Red Snapper

LAY SUMMARY
The results from using acoustic telemetry to study discard mortality rates of recompressed Red Snapper highlight the need for aggressive
chregarding q h h ation gears, such as circle hooks and recompression tools, to reduce
deep hooking and effects of barotrauma and thus facilitate recovery of the U.S. Atlantic Red Snapper stock.

INTRODUCTION Gulf of Mexico continental shelf (Bacheler et al, 2016; Dance
The Red Snapper Lutjanus campechanus is a prized reef spe- & Rooker, 2019; Karnauskas et al, 2017; Mitchell et al, 2014).
cies that sggregates on low. and medium-relief recf habitasts  Management approaches to addrexs overfishing and the over
in tropical and subtropical waters on the western Atlanticand  fished status of Red Snapper in the U.S. Gulf of Mexico and
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Post-release mortality of red snapper, Lutj h in US Atlantic

waters off northeast Florida estimated with three- djmensmnal
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Keyseania Regulatory discands ContrRete ipwards o B0 of e total récsvational Gahlng muortality for (od sape (L

Hslena morslin oiaus campochanss) n US Adlsatic waters, s resultieg

- anagement ictios. Accaruté cstimates of dcand murtality s o impact of mitigation messures ate pars.

A — et for cvalustiag misageseal optices. Towsed that cnd, we deployed & Hrve-Smensicnsl pasioaing
acoustic tehometry aay of 100 receiven between 21 and 28 m depdhis at & 20 kin” scudy sise off Ponce lolet,
Fioelds In summer 2024, Red sasppes (4 = 65) were ciptuted via hook asd lae, tagged with extenal acoustic
- 3 relessod uiing &
e Gatividial fate. Theve-quaarters of the Mortalities oocurred anutely post-fcieuse (i & By wich 4605
Bead for suttace relessod 6d 12.9% dead for descender released fish. No mortalities eocurred 48 b post-reicse
ich & D= 290% fo dawensded ik, D 4690 o suntace-eeieased fsh, and D 30.1% comblaod i ths s
Ressis fr hanand creased
suurvival bt &d nat alfect delayed survival. lasead, Larger fish and shotter times out of witer sigaificantly

survival but these i vere sssall relacive to the axute descender effects. Ous results

show thas usieg 2 descendes devics to relese fsh M parasmouns far increasiog saryival at oat study depths buy
hit minimizing sl exposure can docrose deliyod post<elosie martality i fih cissot be dexensed.

1. Introduction et al., 2024)
Red snappes (Lugjanus campechanus) is ne of the moce popular reef

Discard mortality is a symptom of catch-and-release fisheries for
numerces species around the globe and is e of the mare pervasive
marine conservation and sustainable fisheries issues in the US. This isa
particularly acute issue for reef fishes along the Atlantic coast of the
southeastem U.S. (SEUS), for which regulatory discards in the recros-
uaml sector are etimated o greatly exceed the Innded caich (Runde
ertees ot al avers 1 al., 2025).
kgulm dmm i i by cmmm m« that src under a
d size limits, or rds
a particularly pebhlﬂ'nanc issue in regions and habitat hosting
mixed-species aggregations (e; SEUS smpwr»amlper complex) for
which fishing besides the
targeted anes (Campbell &1 al_ 2014, Cha

fish targets in the SEUS but has long been at the center of contentious
imanagement, with repeated fishing moratoriums driven by high levels
of regulatory discards. High discard rates are driven by management
measures such as minimum size limits, seasonal closures, and low rec

reational bag limits. Limited harvest, recreational scasons less than 5
days open, has been allowed intermittently when red snapper total re.

mavals remain within the acceptable biological catch (ABC), but high
discard estimates Bave frequently caused the ABC 1o be exceeded,
prompting repeated closures and even shorter recreational seascas,
including a singleday season in 2024 (89 FR S0530; SEDAR 2021).
While discarding is intended to facalitate cscapement of fish from fishery
removals, benefits depend on the survival of released fish. Estimated
Atlantic red snapper recreational discard rates are among the highest of

* Comespoadence to: Fisherkes and Aqu..u Schenoes, Usiversity of Florida, 7922 NW 715t Street, Galaesville, FL 32653, USA.
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Sensitivity of CKMR-Derived Atlantic Red Snapper Population Estimates to

Uncertainty in Life History Parameters
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Bayesian Hierarchical Integrated Modeling

Objective:
Estimate Atlantic red snapper population size with a CV of <0.3
from trap-camera, ROV, and habitat data

Approach:

1) Integrate red snapper density estimates from multiple survey
methods to jointly estimate red snapper abundance at three
spatial scales: i) survey site (~103m?2), ii) grid cell (25 km?2), and
iii) study area (~100 x 103 km?)

2) Habitat suitability informed by study video data, fishery-dependent
data, and informed priors from previous studies and mapping

3) Separate observation models to account for different detection
probabilities and effective sampling area of ROV, traps, and
cameras mounted to traps
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Bayesian Hierarchical Integrated Modeling

Camera counts

Habitat

Hardbottprf]/

Statistical model:
1.Data integration
2_Hierarchical
3.Spatial

—

A
\

Abundance
.
Abundance
50
5
0




Camera counts

Habitat

Bayesian Hierarchical Integrated Modeling

Statistical model:

~_1.Data integration
2.Hierarchical ’
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® Single abundance process jointly estimated from
all data

® Reduce bias in any single dataset
® Propagate uncertainty

® Sub-models connect observed counts to latent
abundance

® Address survey-specific sampling biases
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Bayesian Hierarchical Integrated Modeling

Statistical model:

~_1.Data integration

2.Hierarchical ’
3.Spatial

Abundance

Abundance
50

5

0

Integrate results from separate studies via
informative priors

Vague priors when information is unavailable

Markov chain Monte Carlo can be slow



Bayesian Hierarchical Integrated Modeling: Data

SERFS ___Camera (SERFS) ROV
®2 434 sites: SRS from " ® SRS: n =231 sites; paired with SERFS: n = 205
~4,300 sites

Random RO\{/‘_ Paired ROV‘\

® Cape Hatteras to St. Lucie Inlet |

e April — Oct 2021 (n = 1,384)
and 2022 (n = 1,050)




Bayesian Hierarchical Integrated Modeling: ROV Sampling

Objective:
Estimate the distribution and density of red snapper across the US Atlantic shelf from North Carolina through the Florida
Keys with ROVs in unknown or unconsolidated habitats
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Bacheler et al. (2025); Appendix I




Bayesian Hierarchical Integrated Modeling: Hardbottom Distribution

Hardbottom

Hardbottom neighbors

e .

Working group evaluated:

1) Expert Opinion map [EO]
(Steward et al. 2022)

2) TNC SAB map [TNC]
(Conley et al. 2017)

Number of
neighbors

_=NWAOOIOONO




Bayesian Hierarchical Integrated Modeling

Estimated population size under different hardbottom maps

Hardbottom
- Map % HB  Population size 106 CV
* EO & TNC ~5% 5.31 0.39
. TNC ~3% 99.95 0.28
o TNC + Preferential -39, 0.79 0.46
\ 5| sampling
N EO & TNC (all) ~13% 7.22 0.32
| Increased hardbottom = increased estimated abundance




Bayesian Hierarchical Integrated Modeling: CIE Review

Positives:
-methods applied appropriately, with several innovative approaches within BHIM

Concerns:
-BHIM estimate not independent of the RS stock assessment

-Camera-trap ESA estimation based on data from one region and perhaps is not applicable to others

-Bottom habitat information used by BHIM too uncertain to provide a sufficiently reliable estimate of
age 2+ absolute abundance.




Atlantic Shelf Mapping

i
EGLO_::VJ Florida GIO Community Initiatives GeoResources Geospatial Open Data Portal Emergency Response

neNOS Mapping

N(‘;_rth__Caroling ?"Cape Hatterag

AT
puthfCGarolina)

EGreatiAbaco
i 0 Southwest Pt o
B
TheiBahamas

-
s

-

° Florida: LiDAR to a depth of 20+ meters along with multibeam sonar in shallow
water to fill LIDAR data gaps and deeper bathymetry from 20 to 200 meters.



Close-Kin Mark-Recapture

Objectives:
1) To estimate red snapper population size in US Atlantic

2) To estimate red snapper genetic population structure

Approach:
1) Fin clip sampling of Atlantic red snapper; up to 5k per year for
3 years

2) Development of genotyping in the thousands (GT-seq)
panels to allow high through-put sequencing of 400
microhaplotypes (SNP-containing loci)

3) Sequencing of fin clip samples and population size
estimation with CKMR model

MarineGenomics
Laborator?z“

Texas A&M University - Corpus Christi

Reduced representation genomics

Double digestion
m [

L m [(e———
C—— C—

Ligate adaptors
T |
| PCR
" Size selection

|
350 bp

Sequencing

Thousands of SNP-containing loci



Close-Kin Mark-Recapture: Conceptual Approach

[2 Library Preparation & Sequencing

Sample A Sample B
£

/ 3 Analysis \

Genetic population structure Kinship & CKMR
Tt

( 1 Tissue Collection & Preservation

=)
Vv
&

4
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Atlantic Red Snapper Population Structure

Portnoy et al. (2022)

Locations
e NC(32)

e SC3I)
o FLAl(I4)
® DT(19)
o Gulf FL S (6)
e Gulf FLN(31)
® PC(8)
o AL(69)
J L]
-]
®
L]
L
®

ELA(12)
W LA (24)
X (47)

N MX (6)

VC_MX(19)
CP_MX (43)

35

LongnudéA

® Separate Atlantic and GOM stocks; weak

heterogeneity within the GOM
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Source-sink recruitment of red snapper: Connectivity between
the Gulf of Mexico and Atlantic Ocean
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® Estimate: 5-20% of Atlantic red snapper recruits

spawned in the Gulf



Atlantic Red Snapper Population Structure
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Monroe et al. (2025); Appendix IV

® Assessed genetic variation across 2,776 SNP-
containing loci in 307 samples from Gulf and Atlantic

® Hierarchical AMOVA: genetic differences between
the Gulf and Atlantic; no differences within Atlantic

® Results consistent with previous population genetic
studies in the region

® |nference: any larval transport from Gulf to Atlantic
does not equate to realized connectivity (larval
transport followed by reproductive success)



CKMR Life History Simulations

Appendix XI

Do not cite. This 1s a draft manuscript. Onee published in a journal. a link to the paper will be
provided on the South Atlantic Red Snapper Research Program webpage.
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Uncertainty in Life History Parameters
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CKMR Life History Simulations
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CKMR Population Estimation

Sample Size Estimation
® Forward simulation is run in CKMRpop
-Run 20x for each of three population sizes
5x 105 1x 108 and 1.5 x 106
-Parametrized using life history data from SEDAR (2017)

® N_ i €stimated using pseudolikelihood
-Sample size 2,500 and 5,000 per year for two years
-Only cross-cohort half siblings

® For each pair
PHS(b,, by, N, ©)

e Likelihood of observing number of pairs for given N,
LLNHS = —Xpys pairs log PHS(by, by, N, ©)

® Posterior distribution used to estimate N,,,; and corresponding CV

2,500

5,000

2,500

5,000

2,500

5,000

496,054

500,428

998,591

1,023,518

1,568,213

1,566,668

16.0%

7.7%

23.2%

11.1%

30.0%

13.8%



Number of samples
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CKMR Population Estimation
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Latitude
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CKMR Population Estimation
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Spatial Distribution of Kin
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Count

CKMR Population Estimation: Base Model Results

40 45 50 55
Number of cross-cohort HS pairs

100 age realizations
39 - 56 cross-cohort pairs

c

Count

30000+

20000+

10000+

1e+06 2e+06 3e+06
N

Point estimates 1.18 -1.69 M
Merged estimate 1.42 M
CV 17%, 90% CI 1.08 -1.87



Impacts of Relative Age Composition and F from SEDAR (2024)

® Base estimate: 1.52 M
90% Cl 1.12 - 2.06

1.5 -
> -

® Equilibrium estimate: 1.45 M “é Scenano
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Standardized trap calch (no. indiv. caught per trap)

CKMR Population Estimation: Equilibrium Population Size Assumption

® Trap
A Video

e

e
5

(Bacheler et al. 2025, Appendix ) | .o
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CKMR Population Estimation: CIE Review

Positives:
-CKMR methodology and study design robust and the sampling effort sufficient for an initial estimate of
population abundance, although the uncertainty likely to have been underestimated

Concerns:
-CKMR estimate not independent of the RS stock assessment

-estimated CV on the population estimate may be too low

-assumption of equal sex-specific fecundity-at-age or fecundity-at-size not tested
-simplify sensitivity (simulation) analyses by focusing only on red snapper CKMR model
-apply epigenetic clock for age estimation

-provide chromosome-level genome sequence to assess the degree of linkage among ~1755 haplotypic loci
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Model age (years)
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Future Work: Epigenetic Clock Implementation
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Genomic Fisheries Analyses

Genetic Population Structure
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Integrating Red Snapper Pop Estimates into Assessment and Management

1) Evaluate two assessment approaches:
A. Scale the current assessment model to the
externally derived abundance estimates
B. Integrate new data and pop estimation into
the assessment model

2) Matt Damiano, Matt Vincent, and Paul McLaughlin
have worked on integration of CKMR into BAM

assessment model

3) Plan has been to integrate into ongoing SEDAR 90
Atlantic red snapper stock assessment in 2026/27

Paul McLaughlin

Kyle Shertzer Matt Damiano Matt Vincent

Observational Model

-Age composition data: commercial & recreational fleets
fisheries independent survey

-Length composition data: general discard fleet

-Index of abundance: fisheries independent survey :

CKMR Component

-CKMR age samples drawn with age composition
:  data selectivity parameters :
: -HSPsand POPs

. -Kin pair probability defined as a function of N,

., adult survival and reproductive output.

Operating Model Estimation Model

-Underlying parameters taken from SEDAR73 _Beaufort Assessment Model (BAM)

-Fixed M, simulated N -Estimate Mand N
i CKMR Component
-— .
Estimation results compared between s o
+ -Binomial model for kin pair data
models with and without CKMR relative " incorporated into BAM likelihood

to the true parameters

McLaughlin et al. (2025); Appendix VI
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