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 SEDAR 10 benchmark: Catch-age model (BAM) with data through 2004

• F2004/Fmsy = 1.46 (overfishing); SSB2004/MSST=1.06 (not overfished)

• Old definition of MSST:  (1-M)SSBmsy

 2014 Update: Catch-age model (BAM) with data through 2012

• F(2010-2012)/Fmsy = 1.23 (overfishing); SSB2012/MSST=1.13 (not overfished)

• New definition MSST: 75%SSBmsy

 SEDAR 71 operational assessment: 

• 5 webinars (October 2020-March 2021) plus data scoping

• Catch-age model (BAM) with data through 2019

• F(2017-2019)/Fmsy = 2.15 (overfishing); SSB2019/MSST=0.2 (overfished)

• Key features:

o Added fishery-independent SERFS video index

o Continued declines in abundance &  low recruitment since the 2014 update

SEDAR Assessment History
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Regulatory History

 Size limits (Commercial and Recreational fleets) 
• 20-inch TL minimum size limit (1992-1998)

• 24-inch TL minimum size limit (1999-present)

 Catch limits 
• Aggregate rec grouper bag limit (5/person/day, 1992)

• Comm and rec bag limits starting in 1999 (gag or black)

• Commercial trip limits starting in 2012

• Spawning season (Jan-Apr) closure 2009-present

• Comm and Rec ACLs established in 2011 (51% comm, 49% rec)

• Comm ACL met 2012-2014

• Rec bag limit reduced to 1 gag/person/day
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Life History
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Changes from 2014 update

• Updated population growth curve and maturity schedule

• Separate population and fishery growth curves

• Updated natural mortality vector (Lorenzen age-based)

• Time-invariant sex ratio (Age at transition ~ 10.5 yrs, SEDAR71-WP03)

Same as 2014 update

• Discard mortality: 0.4 for cHL, 0.25 for rec fleets

• Model age 1 – 16+ (1 – 12+ for fitting composition data)

• Length-weight and and whole weight-gutted weight conversions

• Peaking spawning mid-April 

• Spawning stock modeled as total mature male and female biomass



Life History: Popn Growth Curve
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• Updated population growth curve with additional samples

LꚘ (mm) k t0 

SEDAR 10  1051  0.2 -0.48
2014 Update 905    0.35 0.40
SEDAR 71 1161 0.17 -1.11



Population growth curve: Linf = 1161 mm, k = 0.168, t0 = -1.11

Fishery growth curve: Linf = 1156 mm, k = 0.154, t0 = -2.16

Life History: Fishery Growth Curve

• Separate fishery growth curve for landings



• Based on update population growth curve (same tmax)

• Scaled over fully selected ages (5+) rather than all ages (1+)

Life History: Natural Mortality

• Update Lorenzen age-based natural mortality

tmax = 30 yrs

Constant M (Hoenig) = 0.15



Life History: Maturity

• Updated maturity schedule with additional samples
• Female maturity varies with age, all males assumed mature

SEDAR71-WP03



Life History: Sex ratio

2006-2012
1983-2005

1962-1982

SEDAR 71

• Protogynous hermaphrodite (female to male)
• SEDAR 10:

• Assumed constant sex ratio 1962-1982
• Annually varying sex ratio 1983-2005
• Constant sex ratio 2006-2012

• SEDAR 71: Time-invariant sex ratio
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• Same as 2014 update

• Commercial handline (pooled with other gears, < 1% landings)

• Recreational headboats

• General recreational (private + charter + shore)

• Landings and dead discards modeled separately for each fleet

Fleet Structure
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Fishery Removals
Landings Dead Discards
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Composition Data
 Age compositions

• Commercial handline landings (1997, 1999-2019)

• Commercial dive landings (2009-2011, 2013-2019)

• Recreational headboat landings (1980-87, 1990-95, 2001-19)

• SERFS chevron trap (2011-2019)

 Length compositions

• Headboat landings (1988-1989, 1996-2000)

• Headboat-at-sea discards (2005-2013) 
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Indices of Abundance

3 indices considered:

• Headboat index (1980-2019)

• SERFS video index (2011-2019)

• Commercial handline index (1993-2019)

o Excluded due to concerns about hyperstability

o Conflict with other indices 

• MRFSS index from 2014 update (1981-2004) not updated or 

re-visited for this assessment
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Indices of Abundance
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Data Summary



18

Summary of SEDAR 71 Data Updates

• Added 7 additional years of data (2013-2019)

• General recreational landings and discards from current MRIP methods

• Life history:

o Updated growth curve, maturity schedule, and natural mortality

o Time-invariant sex ratio

• Separate fishery growth curve for the landings and the fishery

• Length compositions for headboat discards

• Historical recreational landings based on FHWAR method  

• SERFS fishery independent video index
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BAM Base Run

• Same model as in SEDAR 2014 update: Integrated catch-age model (BAM)

• Assessment period 1962-2019

• Assume initial (1962) equilibrium age structure with estimated initial fishing mortality (Finit)  

• Model ages 1-16+ for the population; ages 1-12+ for fitting composition data

• Spawning stock based on total mature male and female biomass

• Separate population and fishery growth curves with constant CV estimated for each 

• Lorenzen age-based natural mortality

• Constant catchability (q)

• Beverton-Holt stock recruitment relationship; recruitment deviations from 1976 - 2019

• Dirichlet-multinomial for composition data (self weighting); iterative re-weighting on indices



BAM Base Run (cont)

• Landings selectivity: 
• cHL: logistic  
• GR and HB: logistic 
• cD: dome-shaped

• Commercial and Recreational discard selectivity:
• No age comps, 9 yrs headboat-at-sea length comps (2005-2013)
• P(below the size limit at given age based on growth curve)
• Headboat-at-sea discard lengths to estimate age-2 selectivity in recent pd (1999-2019)
• Fleets share the same discard selectivity (as in 2014 update)

• SERFS video selectivity (SEDAR73-WP14):
• Video assumed logistic, Chevron trap assumed dome
• Estimate dome-shaped selectivity for Chevron traps based on trap age compositions
• Ascending limb of Video selectivity same as that of Chevron trap
• Video selectivity fixed at 1.0 for ages > age maximum selectivity



Assessment Modifications: Selectivity Blocks

•Remove selectivity blocks for commercial fleet (cHL)
• No shift in length compositions around size limit changes
• No cHL age compositions prior to 1997

•Reduce selectivity blocks for general recreational (GR) and headboat (HB) fleets
• Small shift in length and age compositions around 20 inch size lt (1992)
• No shift in length and age compositions around 24 inch size lt (1999)
• Pre- and post-size limit blocks (1992) 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 22

Selectivity Block Regulations Fleet

1962-1991 None GR, HB, cHL

1992-1998                         20 in TL GR, HB, cHL

1999-2019 24 in TL GR, HB, cHL

Selectivity Block Regulations Fleet

1962-1991 None GR, HB, cHL

1992-2019                         20 in TL GR, HB

2014 update:

SEDAR 71:



Summary of SEDAR 71 Model Updates

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 23

 No selectivity blocks for cHL, pre- and post-size limit blocks for GR and HB

 Include SERFS video index (with selectivity estimated from trap age comps)

 Discards modeled as p(below size limit) at age; age-2 estimated in recent period

 Dirichlet-multinomial for composition data (robust multinomial in 2014 update)

 Iterative re-weighting only for indices (indices and compositions in 2014 update)

 Estimate Finit (fixed at 0.03 in 2014 update)

 Estimate steepness (fixed at h = 0.84 in 2014 update)



 Sample from lognormal distn for landings and discards
 Multinomial resampling of observed age and length compositions
 Indices sampled from lognormal distn with CV from iterative reweighting

Bootstrap the data:

Monte Carlo draws over key parameters: 

 Natural Mortality (M): Truncated normal distribution 
• mean = 0.15 (Hoenig M for max age 30)
• range = 0.1-0.2 (corresponds to tmax 23 to 45)

 Discard Mortality:  Uniform
• cHL: 0.3 to 0.5 (0.4 in base)
• HB and GR: 0.15 to 0.35 (0.25 in base)

 Historical recreational landings (1962-1980)
• Multiplier: Uniform distribution 0.75-1.25 (+/- 25% of values from FHWAR method)

 Culling: steepness =upper bound, max gradient > 0.1, Fmsy > 3.0  (4374 runs retained)

Uncertainty Analysis: Ensemble Modeling



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 25

Uncertainty Analysis: Natural Mortality
Solid = MLE (Base)
Dash = Median (MCBE)

Shading = 5th and 95th CIs



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 26

Uncertainty Analysis: Discard Mortality
cHL Discard Mortality

HB Discard Mortality

GR Discard Mortality
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Uncertainty Analysis: Historic Rec Landings
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Base run



 Steepness 
• low=0.85
• high=0.95
• 2014 update=0.84

 Indices-1
• Headboat (HB) alone
• Video (VID) alone
• HB and VID with wgts = 1.0

 Indices-2
• Truncated HB (retain VID)
• HB, VID, and comm handline (cHL)
• HB, VID, cHL-q block

 Indices-3 (random walk on q for fish dep indices)

 Finit (+/- 50% estimated value)

 Discard mortality (high = 0.35, low = 0.15 all fleets)

 Selectivity
• Size limit blocks (as in 2014 update)
• Video selectivity = trap selectivity (dome-shaped)

Sensitivity Runs
continued:

 Natural mortality-1
• 2014 update M (scaled to ages 1+)
• SEDAR 71 M (scaled to 1+)

 Natural mortality-2
• Low M = 0.1 (SEDAR 10)
• High M = 0.25 (SEDAR 10)
• Constant M = 0.14 (Hoenig tmax)

 Life history
• Growth, nat mortality, maturity from 2014 

update

 Repro potential = egg production 

 5 year Retrospectives
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BAM base run: Fit to commercial landings

30

Commercial Handline (cHL) Commercial Dive (cD)



BAM base run: Fit to recreational landings
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General Recreational (GR) Headboat (HB)
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BAM base run: Fit to commercial handline dead discards
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BAM base run: Fit to recreational dead discards

General Recreational (GR) Headboat (HB)
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BAM base run: Fits to composition data
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BAM base runs: Fits to composition data
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BAM base run: Fits to composition data
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BAM base run: Fits to composition data
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BAM base run: Fits to composition data
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BAM base run: Fits to composition data
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BAM base run: Fits to indices
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BAM base run: Abundance
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BAM base run: Biomass
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BAM base run: Age structure
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BAM base run: Spawning stock
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BAM base run: Recruitment
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BAM base run: Recruitment deviations
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BAM base run: Stock-Recruitment



Fishing Mortality: Commercial fleets



Fishing Mortality: Recreational fleets



Fishing Mortality: Discards
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BAM base run: Fishing mortality



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 52

MCBE: Abundance estimates



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 53

MCBE: Fishing mortality



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 54

MCBE: Benchmarks

Solid = MLE (Base)
Dash = Median (MCBE)



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 55

MCBE: Status indicators
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Status from 2014 Update
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MCBE: Status indicators



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 58

Management Quantities

Table 15 in the report



Sensitivity Runs: Steepness

Base h = 0.898 (estimated)

From profiling:
• Low h = 0.85
• High h = 0.95

From 2014 update
• Fixed h = 0.84



Sensitivity Runs: Natural mortality (scaling)



Sensitivity Runs: Natural mortality (magnitude)

• Low M = 0.10 (tmax = 45 yr)
• High M = 0.25 (tmax = 18 yr)
• Based M = 0.14 (tmax = 30 yr)



Sensitivity Runs: Discard mortality

Base Discard Mortality:
• HB and GR = 0.25
• cHL = 0.40

From Sauls et al. (2014):
• Low  = 0.15 (all fleets)
• High h = 0.35 (all fleets)



Sensitivity Runs: Initial F

Base Finit = 0.032 (estimated)

• Low Finit = 0.016  (- 50%)
• High Finit = 0.048 (+ 50%)

• Sedar 2014 update: Finit = 0.03 (fixed)



Sensitivity Runs – Selectivity
Base run:
• no blocking on cHL
• 2 blocks on HB and GR

• Pre size lt: 1962-1991
• Post size lt: 1992-2019

• logistic selectivity for Video index

 Sensitivity:
• 3 blocks on all fleets (as in Sedar 2014 update)

• 1962-1991 (no size lt)
• 1992-1998 ( 24 inch size lt)
• 1999-2019 (20 inch size lt)

• Dome-shaped selectivity for Video index



Sensitivity Runs: Selectivity



Sensitivity Runs: Indices



1. Truncate Headboat in 2009

Sensitivity Runs: Alternative index configurations



2. Include Commercial Handline

Sensitivity Runs: Alternative index configurations



3. Block q on Commercial Handline

Sensitivity Runs: Alternative index configurations



Sensitivity Runs: Alternative index configurations



cHL HB VID

Sensitivity Runs: RW on Fishery Dependent Indices



Sensitivity Runs: Time-varying catchability

• Random walk on fishery-dependent 
indices (cHL and HB)



Sensitivity Runs: Life History
Growth

Maturity
Natural Mortality

2014 Update:

• Growth: faster growth, smaller asymptotic size

• Maturity: younger age at maturity 

• Natural mortality: lower M 



Sensitivity Runs: Life history



Sensitivity Runs – Reproductive Potential
SEDAR 71-WP03

Egg Production

Sensitivity

Total Mature Biomass

Base



Sensitivity Runs: Reproductive potential

Base run: Total mature male and female biomass

Sensitivity: Female egg production



Sensitivity Phase Plot

cHL included

Base
Low h

Low M

High M

High h



Retrospective runs (2014-2018)
Fmsy = 0.37

Rmsy = 521 (1000s)



Summary of Assessment Results

 Gag grouper are overfished and currently experiencing overfishing

 Overfishing has occurred since 1980s (consistent with prior assessments) 

 Prior assessments indicate popn has been near stock size threshold until early 
2010s; current assessment indicates well below thresholds

 Fishery-dependent and fishery-independent indices indicate 2-3 fold declines in 
abundance in last 10 years 

 Low estimated recruitment in last 10 years of assessment (some modest 
recruitment in 2016 and 2019, but not well-informed)

 Recent fishing mortality remains high and driven by commercial handline and 
general recreational fleets



Summary of Assessment Results (cont)

 Assessment results are highly robust to the range of uncertainty considered

 All aspects of SR function estimated for this assessment (R0, h, rec_sigma)

 Fishery-dependent indices should be evaluated for effects of regulatory changes

 Natural mortality (M) was a key source of uncertainty in this assessment (though 
results were robust to variation in M)

 Potential for sperm limitation, temporal variation in sex ratio, and alternative 
measures of reproductive potential should be evaluated
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Projection Methodology

 The structure of the projection model was the same as that of the assessment 
model, and parameter estimates were those from the assessment

 Carry forward uncertainties from ensemble modeling (i.e., 2020 abundance at 
age, natural mortality, discard mortality, historical recreational removals) 

 A single selectivity curve was applied to calculate removals, weighted averaged 
across fleets using geometric mean Fs from the last three years of the assessment 
period

 Initial age structure at the start of 2020 was computed from assessment model

 Constant fishing rates that define the projections were assumed to start in 2022 
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 10 year projections (2020-2029)

 Interim years
 2020 and 2021; first year of management 2022
 Lcurrent (average landings from last 3 years of the assessment)

 Projection scenarios:

• F = 0

• F = Fcurrent (geometric mean last 3 yrs, 2017-2019)

• F = Fmsy (equivalent to P* = 0.5)

• F = Frebuild

o Rebuilding time frame = 2040 (generation time  of 11 yrs + 10 years)

 3 additional rebuilding projections (not in SEDAR 71 report

Projection Configurations
In SEDAR 71 report:



F = 0
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Thick blue solid=base run

Thick green dash=ensemble median 

Thin solid, closed circles=base (deterministic)

Thin dash, open circles=ensemble median (stochastic)

Thin solid=5th and 95th percentiles (stochastic)



F = Fcurrent
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Thick blue solid=base run

Thick green dash=ensemble median 

Thin solid, closed circles=base (deterministic)

Thin dash, open circles=ensemble median (stochastic)

Thin solid=5th and 95th percentiles (stochastic)



F = FMSY
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Thick blue solid=base run

Thick green dash=ensemble median 

Thin solid, closed circles=base (deterministic)

Thin dash, open circles=ensemble median (stochastic)

Thin solid=5th and 95th percentiles (stochastic)



Projections – Probability of Rebuilding (10 years)
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Rebuilding time frame: 21 years
Generation time: 11.3 years + 10 years (2040)

Frebuild = 0.33



F = FRebuild

88

Thick blue solid=base run

Thick green dash=ensemble median 

Thin solid, closed circles=base (deterministic)

Thin dash, open circles=ensemble median (stochastic)

Thin solid=5th and 95th percentiles (stochastic)



 Scenario 1: Tmax = Tmin plus one generation time
• Tmin = time to rebuild when F =0 (8 years)
• Generation time = 11 years
• Tmax = 19 years (rebuilding time frame)
• Projection period 2020 – 2038
• Frebuild = 0.325

 Scenario 2: Amount of time to rebuild to SSBmsy if fished at 75% of MFMT (Fmsy = 0.37)
• In 2032 SSB > SSBmsy (with 50% probability)
• Tmax = 13 years (rebuilding time frame)
• Projection period = 2020 – 2032
• Frebuild = 0.278

 Scenario 3: Tmin x 2

• Tmin = 8 years

• Tmax = 16 years (rebuilding time frame)  

• Projection period = 2020 – 2035 
• Frebuild = 0.307

Additional Rebuilding Projections



Thick blue solid=base run

Thick green dash=ensemble median 

Thin solid, closed circles=base (deterministic)

Thin dash, open circles=ensemble median (stochastic)

Thin solid=5th and 95th percentiles (stochastic)

Scenario 1
Tmax = Tmin plus one generation time



Thick blue solid=base run

Thick green dash=ensemble median 

Thin solid, closed circles=base (deterministic)

Thin dash, open circles=ensemble median (stochastic)

Thin solid=5th and 95th percentiles (stochastic)

Scenario 2
Tmax = time to rebuild to SSBmsy if 

fished at 75% of MFMT 



Thick blue solid=base run

Thick green dash=ensemble median 

Thin solid, closed circles=base (deterministic)

Thin dash, open circles=ensemble median (stochastic)

Thin solid=5th and 95th percentiles (stochastic)

Scenario 3
Tmax = Tmin x 2



Scenario 1
Tmax = Tmin plus one generation time



Scenario 2
Tmax = time to rebuild to SSBmsy if fished at 75% of MFMT 



Scenario 3
Tmax = Tmin x 2



The End


