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South Atlantic Red Snapper Research Program Study Objectives

1) 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

2) Develop a hierarchical Bayesian integrated abundance model to estimate age-2+ red snapper 

population size based on Southeast Reef Fish Survey trap-camera and ROV survey data

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

population size

4) Integrate/reconcile study results with the Atlantic red snapper stock assessment model



Approach:
1) Integrate red snapper density estimates from multiple survey   

methods to jointly estimate red snapper abundance at three    
spatial scales: i) survey site (~103 m2), ii) grid cell (25 km2), and 
iii) study area (~100 x 103 km2)

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

Bayesian Hierarchical Integrated Modeling

Objective:
1) Estimate Atlantic red snapper population size with a CV of ≤0.3 

from trap-camera, ROV, and habitat data



Bayesian Hierarchical Integrated Modeling
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Red Snapper Reaction to Trap-Camera or ROV



Analysis of Spatial Covariates

Steward et al. (2022)

Regional NR and AR Distribution Ongoing Habitat Mapping
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Bacheler et al. (in review)

SERFS Trap-Camera Red Snapper Trends



SERFS Camera-Trap Red Snapper Trends

Bacheler et al. 
(in review)
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Remotely Operated Vehicle Sampling Across the US Atlantic Shelf



ROV Sampling 2021-2023

n = 282 

Bacheler et al. (in review)



Estimating Effective Sampling Area and Fish Density from Camera Data
Data:

North Carolina, 2019

VPS array

16 tagged red snapper       marked individuals

31 camera samples: repeated counts of marked, unmarked, and unknown red snapper

Developed N-mixture + Marked approach; tested via simulation applied to case study data

cameras

Bacheler et al. (2022)
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Detections of marked individuals allow 
us to estimate ESA.



Estimating Effective Sampling Area and Fish Density from Camera Data

Count data alone: Biased, density estimate increases as 
fish movement increases

Integrated Approach: Unbiased density estimation across 
multiple levels of fish movement (e.g., differing ESA)

Simulation study: Case study:

ESA varies as a function of current direction.

Estimated 150 (102-235) individuals on reef (1.6 km2) or ~66 snapper km-2

Zulian et al. (in revision)



Red Snapper Telemetry ESA Experiments Summer 2023 and 2024

Bacheler et al. (2021)

Spatial capture-recapture experiments to estimate the 
effective sample area of trap-cameras for red snapper

3D telemetry arrays deployed off seNC (2023) and 
neFL (2024) to conduct experiments

Adult red snapper captured with hook and line, tagged 
with acoustic tags with depth sensors, and tracked in 3D

Paired sampling with ROV and trap-cameras to conduct 
spatial capture-recapture analysis



NC 2023: VPS array (n = 20 receivers) deployed in August 2023, 
-300 m receiver spacing 
-45 red snapper tagged with external telemetry tags
-mean TL= 604 mm (range 428-780 mm)

Sampling:
8/22: 18 SERFS chevron traps on Pisces, paired ROV
9/8:     18 NCSU light chevron traps
10/30:  14 NCSU light chevron traps

Receivers recovered Nov 2023 
-1.3M detections of tagged RS 
-196,856 GPS position estimates

2023 video analysis completed: 
-RS observations: 8/22 (n = 1), 9/8 (n = 10), and 10/30 (n = 13)

3D Telemetry and Estimation of ESA via Spatial Capture-Recapture Modeling



Red Snapper Telemetry ESA Experiments Summer 2024
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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



Fin Clip Sampling for Genomic Analyses
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Fin Clip Sampling and Genomic Analyses

Genetic 
Sex ID

Epigenetic 
Ageing

Genetic Population Structure Portnoy et al. (2022)

Close-Kin 
Mark-Recapture



Portnoy et al. (2022)

Red Snapper Atlantic Population Structure and Connectivity with GOM



Epigenetic Ageing

Weber 
et al. (2022)

Weber et al. 
(2024)

Weber 
et al. (2024)



Expanded Red Snapper Epigenetic Clock Development

5.79 billion raw reads (each 150 bp long)

3.96 million CpG sites identified

224,883 CpG present in >80% of individuals

11,254 age-correlated CpG sites identified

Western GOM Red Snapper

n = 112



Genetic Close-Kin Mark-Recapture
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Genetic Close-Kin Mark-Recapture

2023

Sample Design

CKMR



Successfully genotyped 10,347 individuals with a GT-seq panel
5,532 (90.2%) from year 1 (2021)
4,815 from year 2 (2022)

Putative related Individuals
9 pairs of parent-offspring 
33 pairs of full siblings
107 pairs of half siblings

Selection of year 1 possible siblings genotyped using ddRAD
to confirm kinship

Confirmed from those individuals:
4 pairs of full siblings
22 pairs of half siblings

Ongoing ddRAD genotyping of 123 additional putative kinship         
pairs

Close-Kin Mark Recapture Sequencing



Genetic Close-Kin Mark-Recapture: Previous Simulation Studies



Genetic Close-Kin Mark-Recapture: SARSRP Simulation Study

Study questions:

1) How sensitive is population size estimate to:

mortality estimates?

fecundity estimates?

estimated maturity schedule?

2) Best methods to account for uncertainty?



Genetic Close-Kin Mark-Recapture

2023



Estimating South Atlantic RS Discards: Tagging Simulations

Objectives:
1) To design a tagging study that can estimate exploitation and 

the magnitude of discards in the private recreational fleet.

Approach:
1) Focus on NE Florida, where >90% of harvest and discarding 

occurs

2) Explore both conventional and genetic tags in a simulation 
framework

3) Operating model: monthly population dynamics with individual
based tagging simulation model

4) Develop and code Barker joint encounter (i.e., live and dead   
recoveries) estimation model

5) Evaluate precision in catch-release and harvest probability
estimates across tag numbers and reporting rates



Estimating South Atlantic RS Discards: Tagging Simulations

Workshop held in Cedar Key, FL in June 2023 to discuss modeling
approach, initial model development, and tagging logistics 

Follow-up online workshop scheduled for May 2, 2024 to review
models and discuss simulation results

Preliminary findings:

-High precision (CV<0.2) and low bias in age-specific survival        
rate estimates from simulations based on conventional tagging,  
but affected by reporting rate uncertainty

-Gene tagging feasible but would require obtaining tissues   
samples from private, recreational discards  

-Gene tagging challenges: angler participation, training,  
materials, and sample preservation; a large portion of the total  
catch likely to be inaccessible



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 was funded through NOAA-MARFIN to  
work with Kyle Shertzer at NOAA Fisheries-Beaufort    
Laboratory as post-doctoral scholar on CKMR 
integration into BAM assessment model

3)  Incorporate estimates into next Research Track 
Assessment, scheduled to start in 2025

Matt DamianoKyle Shertzer



Timeline of Study Components

ROV and SERFS surveys and data analysis

Bayesian hierarchical integrated model parameterization and analysis

Fishery-independent and -dependent fin clip sampling 

GT-seq panel development

2021-22 2022-23 2023-24 2024-25
4/21 8/25

DNA Sequencing

Genomics and CKMR analyses

Study integration and report/paper writing

Model development for integration of RS population estimates into stock assessment

Additional calibration experiments and tag simulation study
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