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Gray Triggerfish, Balistes capriscus

Aquamaps (2020)

Distributed in tropical to temperate waters on both
sides of the Atlantic Ocean

Spend up to a year of life associated with Sargassum, 
then settle onto reef habitat

Not highly targeted in U.S. waters of Atlantic or 
Gulf of Mexico until 1980s or later

Simmons and 
Szedlmayer 

(2011)

Settlement on AL
Experimental Reefs



Gulf of Mexico Gray Triggerfish Fishery Sectors and Estimated Landings

Two main fishery sectors: recreational 
(private, headboat, charter) and 
commercial handline 

Gray triggerfish also captured in 
commercial longline fishery and as 
shrimp trawl bycatch

GMFMC (2017)



Gulf of Mexico Gray Triggerfish Assessment and Stock Status

SEDAR 9 (2006)
GOM GT Stock Status

SEDAR 43 (2015)
GOM GT Stock Status

SEDAR 62 (2019)
GOM GT Stock Status

Assessment terminated:
No stock status estimates produced



Gulf of Mexico Gray Triggerfish Rebuilding Plans



Generating Age Comps: Traditional Gray Triggerfish Ageing with Dorsal Spines

Dorsal Spine
SectionIngram 

(2001)

Extracting and Sectioning Dorsal Spine

First dorsal spine = historical ageing structure of choice

Relatively easy to extract and section

Concerns raised about ageing error, both imprecision   
and bias

Important implications for population ecology and stock 
assessment



Gray Triggerfish Otoliths: Small, Delicate, Difficult to Extract
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Gray Triggerfish Otoliths: Small, Delicate, Difficult to Extract
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Gray Triggerfish Otoliths: Small, Delicate, Difficult to Extract



Otolith age years
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Utilizing Otoliths to Age Gray Triggerfish: Shervette and Dean (2015)
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Comparing
ageing structures:

Estimated mean 
(95%CI) size at 

age:

Poor agreement 
between otoliths      
and spines

Important 
implications for 
growth as well as 
age comp estimates

n = 72 n = 72



Eye Lens-Based Bomb 14C Fish Age Validation
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Gulf of Mexico and northern Caribbean 
D14C Reference Series

Patterson et al. (2021)



Preliminary Validation of Gray Triggerfish Spine-Versus Otolith-Derived Ages

Patterson et al. (2019)

Gray Triggerfish 
Spine Data

Gray Triggerfish 
Otolith Data



Advocating for Otolith-Derived Age Estimation in Gray Triggerfish 



Gulf of Mexico Gray Triggerfish 2025-26 Stock Assessment

Significant issues to address:
– population structure 
– model spatial structure
– stock-recruit relationship
– release mortality
– ageing error
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Examining Aspects of Gray Triggerfish Ageing Error and Their Implications

1) sample gray triggerfish from landings in the southeastern, northeastern, and western GOM 

2) estimate fish age via opaque zone counts in sagittal otoliths and translucent zone counts in dorsal spines

3) validate age estimates for a subset of samples via application of the bomb 14C chronometer to eye lens core   
(age-0 portion) D14C values; 

4) test for differences in sex-specific size-at-age and growth estimates among regions and between commercial 
and recreationally harvested fish

5) compute age-length keys (ALKs) by sex, and potentially by region and fishery sector, pending results under 
objective 4.

Three-year study funded by the GMFMC ahead of the 2025 GOM gray triggerfish stock assessment to address ageing 
error issues

Original study objectives:



A Modified Spine-Based Method to Estimate Gray Triggerfish Age

Potts et al. (2023): modified spine-based GT
ageing protocol produced similar age estimates  
as sectioned otoliths.

n = 101
ages: 1-12 y



Chapter 1: Gray Triggerfish Age Validation
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Gray Triggerfish Sample Distributions

Total samples: 1,370 samples among commercial 
handline and longline, recreational landings, and 
spearfishing and trawl fishery-independent sampling
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n = 173
F:M = 0.61:1

n = 824
F:M = 0.79:1

n = 370
F:M = 0.40:1

n = 370
F:M = 0.67:1

First 100 samples treated as a training set among three 
readers:
R1: Derek Chamberlin
R2: Jennifer Potts
R3: Walt Rogers



Gray Triggerfish Sample Distributions

Skewed sex ratio in each sample region, but 27.1%
of samples could not be aged due to missing gonads

F:MMaleFemaleUnknownFL mm

0.61:1181139<250

1.57:1213319251-300

1.74:1345919301-350

0.82:115012398351-400

0.60:116710096401-450

0.30:11063269451-500

0.41:1833431501-550

0.25:12053551-600



Reader Agreement among Ageing Structures

Historical spine method age estimates 
lower than otolith or new spine protocol 
estimates after age-5

R1: Derek Chamberlin

Index of average percent error relatively 
high for all ageing approaches

Total sample size for reader and 
protocol comparison: n = 573



Reader Agreement among Ageing Structures

Reader 1: Derek Chamberlin
Reader 2: Jennifer Potts
Reader 3: Walt Rogers

Within reader: 
otolith versus 
new spine

Among readers: 
otolith ages

Among readers: 
new spine ages



Eye Lens-Based Bomb 14C Age Validation

eye lens core
otolith core



Gray Triggerfish Eye Lens-Based Bomb 14C Age Validation

Juvenile GOM Gray Triggerfish Eye Lens Mass
Versus Fork Length Relationship

Whole Otolith New Spine Old Spine

Bayesian Spline-Based Test of Ageing Accuracy

Age estimates significantly biased for old spine method; 
median bias: -1.72 y

No significant ageing bias for new spine method or 
whole otolith method



New dorsal spine protocol ageing was 
slightly more precise among readers 
(iAPE = 9.4%) than otolith ageing (iAPE
= 10.1%) and read times were 2-3x 
faster for dorsal spine sections than 
whole otoliths. 

Chapter 1 Conclusions

Chamberlin et al. (In Press)

Age estimates derived from whole otoliths
or the new spine ageing protocol are 
unbiased, but precision issues persist 
with both methods.

For 2025 assessment, re-ageing archived 
spine sections for fish >age-5 is an 
appropriate solution to produce unbiased 
age composition estimates.
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Chapter 2: Gray Triggerfish Growth Estimation



Chapter 2: Gray Triggerfish Growth Estimation

Total sample size for age and growth analysis: 
n = 1,270

Ageing protocols:
1. whole otolith
2. spine section: old protocol
3. spine section: new protocol (Potts et al. 2023)

Three readers:
R1: Derek Chamberlin
R2: Jennifer Potts
R3: Walt Rogers



Sex-specific Gray Triggerfish Size-at-Age

Three-factor ANOVA run to test for differences in 
size-at-age for R1 ages

Factors: ageing structure, age, and sex

structure*age*sex interaction sliced by structure 
and age to test for sex-specific differences in 
size-at-age



Bayesian State-Space Gray Triggerfish Growth Estimation

Bayesian state-space model developed to estimate of gray 
triggerfish von Bertalanffy growth model (VBGM) 
parameters and test for differences between sexes and 
ageing protocols

Size-at-birth formulation of the VBGM (von Bertalanffy 1934)

State-space approach allows for more effective
separation of process error (𝜎VB ) from observation 
error (𝜎obs ) by including multiple readers

where:



Bayesian State-Space Gray Triggerfish Growth Estimation

Clear differences in estimated age between otolith
or new spine estimates versus the old spine method 
regardless of sex
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Bayesian State-Space Gray Triggerfish Growth Estimation
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Significant differences in VBGMs among ageing 
protocols and between sexes 

No significant differences in VBGM parameters 
between otolith and new spine ageing protocols

Significant differences in t0 and k between 
otolith or new spine versus old spine age 
estimates, but very small absolute differences 
in t0 (<0.01 y)



Bayesian State-Space Gray Triggerfish Growth Estimation

L∞ mm L∞ mm

k  y-1 k  y-1

𝜎VB 𝜎VB

𝜎obs 𝜎obs

t0  y t0  y

Significant differences in VBGMs among ageing 
protocols and between sexes 

No significant differences in VBGM parameters 
between otolith and new spine ageing protocols

Significant differences in t0 and k between 
otolith or new spine versus old spine age 
estimates, but very small absolute differences 
in t0 (<0.01 y)



Chapter 2 Conclusions

Lack of significant differences in VBGMs between otolith 
and new spine ageing data is consistent with the result 
that both methods produce accurate age estimates.

Bayesian state-space approach enabled us to 
include multiple readers and more effectively 
separate process error from observation error.

Moving forward, the new spine ageing protocol
proposed by Potts et al. (2023) is an effective 
approach for estimating gray triggerfish growth 
models, as well as for producing age composition 
data for statistical catch-at-age stock assessment 
models.



Chapter 3: GT Stock Assessment Simulations to Test Effect of Ageing Error

So What?
Does ageing error matter for gray triggerfish 

stock assessment and management?



Assessment Simulation Approach and Methods

SEDAR 43 Data Inputs

SEDAR 43 data input files and model code 
provided to study team by SEFSC personnel

SEDAR 43 assessment converted from SS v3.24 
to SS v3.30

The 2015 assessment configuration, including 
the ageing error definition, retained to ensure 
gray triggerfish dynamics were accurately 
captured by the model. 

Assessment includes catch and age 
composition data from five fleets plus nine 
indices of abundance (six fisheries-dependent 
and three fisheries-independent); 
years: 1945-2013



Assessment Simulation Approach and Methods

Simulation framework: ss3sim in R

Operating models based on SEDAR 43 gray 
triggerfish assessment and parameterization

Scenario-specific ageing error matrices
applied in the OM

EM operated under assumption that 
original age comps data generated 
with old spine protocol were accurate



Stock Assessment Simulation Results: Stability in Steepness Estimate



Stock Assessment Simulation Results



Stock Assessment Simulation Results



Chapter 3 Conclusions

Ageing bias imparted from old spine ageing 
protocol age comps had a substantial effect    
on stock assessment results.

It is unclear to what extent, but ageing error 
likely contributed to the lack of recover 
observed in gray triggerfish during the        
2000s and 2010s.

There are several issues to address in the 
next gray triggerfish SEDAR assessment, but 
re-ageing archived spine samples for fish 
>age-5 with the Potts et al. (2023) protocol 
should alleviate ageing error issues revealed 
during this study.



Overall Study Conclusions

Ageing error DOES matter for gray triggerfish 
stock assessment and management, and quite a 
bit.

State-of-the-art eye lens-based bomb 14C age 
validation was used to test for gray triggerfish 
ageing bias, but a relatively simple solution 
exists to correct for that bias in future 
assessments.

Issues related to sexually dimorphic growth in 
gray triggerfish are likely to persist in the next 
stock assessment.



Ongoing Research and Potential Future Directions

Genetic Sex IDEpigenetic Ageing

n = 44

n = 12

Weber et al. (2024)



Genetic 
Sex ID

Epigenetic 
Ageing

Genetic Population Structure 

Close-Kin Mark-Recapture

N1        >     N2

Epigenetic Ageing and Other Genomic Tools
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