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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 

is, it is 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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South Atlantic Red Snapper Research Program (SARSRP)

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

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 hierarchical integrated 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
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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:
Estimate Atlantic red snapper population size with a CV of ≤0.3 

from trap-camera, ROV, and habitat data



Bayesian Hierarchical Integrated Modeling

Hardbottom Depth

Study area
Camera counts

ROV counts

Habitat

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

Abundance



Bayesian Hierarchical Integrated Modeling

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



Bayesian Hierarchical Integrated Modeling

+ 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

2,434 sites; SRS from 
~4,300 sites

Cape Hatteras to St. Lucie Inlet

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

ROV
SRS:  n = 231 sites; paired with SERFS: n = 205



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

Bacheler et al. (2025); Appendix III
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Bayesian Hierarchical Integrated Modeling: Hardbottom Distribution

Working group evaluated:

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

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



Bayesian Hierarchical Integrated Modeling

Estimated population size under different hardbottom maps

CVPopulation size 106% HBMap

0.395.31~5%EO & TNC

0.2899.95~3%TNC 

0.460.79~3%
TNC + Preferential 
sampling

0.327.22~13%EO & TNC (all)

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

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. 

R/V Pisces

NOS Mapping



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



Close-Kin Mark-Recapture: Conceptual Approach 



Atlantic Red Snapper Population Structure

Portnoy et al. (2022)

Separate Atlantic and GOM stocks; weak 
heterogeneity within the GOM

Estimate: 5-20% of Atlantic red snapper recruits 
spawned in the Gulf



Atlantic Red Snapper Population Structure

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

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



CKMR Life History Simulations



CKMR Life History Simulations

Kehoe et al. (2025c) Appendix XI, Figure 5



CKMR Population Estimation

Sample Size Estimation
Forward simulation is run in CKMRpop

-Run 20x for each of three population sizes
5 x 105, 1 x 106, and 1.5 x 106

-Parametrized using life history data from SEDAR (2017)

Nadult estimated using pseudolikelihood 
-Sample size 2,500 and 5,000 per year for two years 
-Only cross-cohort half siblings

For each pair
PHS(b1, b2, N, Θ)

Likelihood of observing number of pairs for given Nadult

𝐿𝐿𝑁𝐻𝑆 =  − ∑ 𝑙𝑜𝑔 𝑃𝐻𝑆ுௌ ௣௔௜௥௦ (b1, b2, N, Θ)

Posterior distribution used to estimate Nadult and corresponding CV

CVadultSCensus

16.0%496,054 2,500500,000 

7.7%500,428 5,000

23.2%998,591 2,5001,000,000

11.1%1,023,518 5,000

30.0%1,568,213 2,5001,500,000 

13.8%1,566,668 5,000



CKMR Population Estimation
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CKMR Population Estimation
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Spatial Distribution of Kin



CKMR Population Estimation: Base Model Results 

100 age realizations

39 - 56 cross-cohort pairs

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% CI 1.12 – 2.06

Equilibrium estimate: 1.45 M 

90% CI 1.07 – 1.95

F50% estimate: 1.29 M 

90% CI 0.95 – 1.73

F150% estimate: 1.91 M 

90% CI 1.41 – 2.57



CKMR Population Estimation: Equilibrium Population Size Assumption

Population Growth/Decline

Mean from 2018 to 2022 1.47M

Assumption of equilibrium 
population size likely violated

(Bacheler et al. 2025, Appendix III)



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



Summary Population Size Estimation



Training (n = 146)
R2 = 0.99
MDAE = 0.21 years
MAE = 0.30 years

Testing (n = 4)
R2 = 0.99
MDAE = 0.15 years
MAE = 0.30 years

Future Work: Epigenetic Clock Implementation



Genetic 
Sex ID

Epigenetic 
Ageing

Genetic Population Structure 

Close-Kin 
Mark-Recapture

Genomic Fisheries Analyses



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

Matt DamianoKyle Shertzer Matt Vincent Paul McLaughlin

McLaughlin et al. (2025); Appendix VI
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