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Background – SEDAR41
• The SEDAR41 benchmark (terminal year 2014) found the 

SA red snapper stock to be overfished and undergoing 
overfishing

• Proxy for MSY is 30% SPR (codified), also used for 
SEDAR73

• F2012-2014/F30 = 2.84
• SSB2014/SSBF30 = 0.14
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Background – SEDAR73
• SEDAR73 (terminal year 2019) is an update assessment, 

with allowance for new data sources
• New data sources and assessment modifications were 

discussed by the SSC in January 2021
• SEDAR73 conducted via webinars

• Selectivity WG met fall of 2020 (focus on SERFS)
• Data workshop December 1-4, & 16 of 2020
• Three assessment webinars in January and February of 

2021 
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Life history
• Von Bertalanffy growth

• Population growth curve – all data 
• Fishery growth curve1 – fishery samples taken during 20” minimum size limit
• Fishery growth curve 2 – fishery samples taken outside of the 20” minimum size limit

• Age-based natural mortality (updated)
• Lorenzen curve scaled to Then et al. (lutjanids only)
• SEDAR-41 used Charnov curve scaled to Then et al. (all fishes)

• Spawning biomass modeled as population fecundity
• Spawning occurs in mid-summer
• 50:50 sex ratio
• Logistic model of female maturity
• Batch size is a function of body size (updated)
• Age-specific number of batches
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Fleet structure

• Commercial handline (pooled with other gears)
• Recreational headboats
• General recreational (private + charterboats)

• Landings and dead discards modeled separately for 
each fleet
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Landings and discard mortalities (in numbers)
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Comps available for S73
• Lengths

• Commercial landings 1984–1992
• Commercial discards; pooled into <2010 and ≥2010
• Headboat discards 2005–2019
• Gen rec discards (new data source)

• Ages 
• Commercial landings 1990–2019
• Headboat landings 1978–2019
• General rec landings 2001–2019
• SERFS chevron trap 2010–2019
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Indices of Abundance
• Three fishery dependent indices of abundance 

• Headboat logbooks (1976–2009) 
• Commercial handline logbooks (1993–2009)
• Headboat discards, included only fish <20’’ (2005–2019)

• Logbook indices (landings per effort) were truncated at 
2009, because of the regulations starting in 2010

• Two fishery independent index of abundance from SERFS
• S41 combined the two indices, because of non-independence
• Chevron traps (2010–2019)
• Videos (2011–2019) 
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Indices
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New data/information for SEDAR73
• General recreational landings and discards from current 

MRIP methodology
• Life history 

• Batch fecundity, natural mortality
• Indices of abundance 

• Trap and video as separate time series
• FWRI repetitive timed drop survey (hook-and-line) + age comps

• Discard length comps
• Commercial: shark bottom longline observer program
• Headboats: Captain Steve Amick measurements
• Gen rec: FWRI charterboat observers, MyFishCount

• Discard mortality and use of descender devices
U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 14



Natural mortality
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Scaled to Then et al., lutjanids only

Scaled to Then et al., all species

SEDAR73 SEDAR41



Discard Mortality
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Block 1
• Recreational: pre-2011
• Commercial: pre-2007

Block 2 (circle hooks)
• Recreational: 2011-2016
• Commercial: 2007-2016

Block 3 (circle hooks + 25% descender device use)
• All fleets: 2017-2020

Block 4 (circle hooks + 75% descender device use)
• All fleets: post-2020 (forecasts)

 Reductions in Blocks 3 and 4 based on Vecchio et al. (S73-WP15)
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BAM: same basic model as in SEDAR41 (1 of 2)

• Integrated catch-age formulation, fit to data using penalized 
maximum likelihood

• Baranov catch equation
• Spawning stock based on population fecundity

• Length-dependent batch size
• Age-dependent number of batches

• Age-based natural mortality (scaled Lorenzen)
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BAM: same basic model as in SEDAR41 (2 of 2)

• Initial age structure in 1950 was equilibrium age structure, 
conditional on Finit (estimated)

• Recruitment deviations start in 1978
• Ages modeled: 1-20+
• Constant (estimated) CV of size at age for each growth curve

• population, fishery 20-inch size limit, fishery no size limit
• Uncertainty characterized by Monte/Carlo Bootstrap Ensemble 

(MCBE) approach
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Selectivity structure
Follows SEDAR41 with the exception of CVT and 
VID indices
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Modifications to the SEDAR41 model (1 of 3)
• SERFS trap and video indices included as separate time series

• Selectivity of traps was dome-shaped rather than flat-topped
• Selectivity of video was flat-topped, with ascending limb mirroring 

that of traps
• Video index CVs divided by 3 to achieve closer fit to high 

observed values in the terminal years
• Each likelihood multiplied by 0.5 to account for non-

independence of sampling
• Bivariate likelihood attempted but did not converge. More 

model development time required for this approach to be fully 
vetted.

• Plus group for fitting age comps is 13+ for commercial and 10+ for 
headboat, gen rec, and CVT because of many zeros in observed 
older age classes 
• SEDAR41 used 13+ for commercial, gen rec, and CVT
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Modifications to the SEDAR41 model (2 of 3)
• Mean recruitment model, rather than Beverton-Holt with h=0.99  

• lognormal deviations
• Comp data fit using the Dirichlet-multinomial, rather than the robust 

multinomial distribution
• Recommended by Francis (2017), Thorson et al. (2017), and Fisch et 

al. (submitted)
• Better accounts for overdispersion, which can result from intra-haul 

correlation
• Self-weighting
• Has become standard practice in SEDAR assessments (including GoM

assessments using SS)
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Modifications to the SEDAR41 model (3 of 3)
• Iterative re-weighting not done

• Not necessary for comps (Dirichlet-multinomial)
• Degraded fits to indices (undesirable)

• Two measures of fishing intensity, in addition to apical F
• SPRF

• Exploitation rate
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Characterizing uncertainty: 
Monte Carlo/Bootstrap Ensemble (MCBE)

• Bootstrap the data
• Multinomial resampling of age and length comps
• Multiplicative lognormal error on indices, landings, and discards

• Monte Carlo draws
• Natural mortality: Bootstrap Then et al. data paired with Tmax~U[48,53] 
• Discard mortality: Normal deviates by fleet and time-block, decreasing
• Batch fecundity: Bootstrap the raw data 
• Batch number: Bootstrap the raw data
• Scale of historic recreational landings: Truncated normal deviate with 

mean = 1 and CV=0.59 from data providers
• 4000 model fits 

• 8% culled because didn’t converge or a parameter hit a bound
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Discard mortality (e.g., general rec)
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Reproductive output (scaled) of mature females
• combines uncertainty in batch fecundity and 

number of batches
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Scale of historic recreational landings + bootstrap
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Sensitivity runs
• MyFishCount comp data included
• RTD index included, with corresponding age comps
• Drop SERFS CVT index 
• Drop SERFS video index, with upweighting on CVT index
• Drop HB.D index
• High video index wgt=4
• Low video index wgt=2
• High M = 0.15 (implies max age of 38)
• Low M = 0.07 (implies max age of 87)
• SEDAR41 M (Charnov scaled to M = 0.13)
• Charnov M scaled to M = 0.11
• Robust multinomial likelihood for comp data, with iterative re-weighting
• Discards starting in 2010 adjusted downward to 10% of observed values (hypothetical)
• M adjusted upward until stock is considered rebuilt (hypothetical)
• Retrospective analyses

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 29



Topics
• Background
• Data
• Assessment model
• Assessment results
• Forecasts

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 30



BAM base run – fits to data (comm landings) 
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BAM base run – fits to data (HB & rec landings) 
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BAM base run – fits to data (comm dead discards) 
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BAM base run – fits to data (HB & rec dead discards) 
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BAM base run –
fits to data 
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BAM base run –
fits to data 
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BAM base run –
fits to data 
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BAM base run –
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BAM base run –
fits to data 2 4 6 8 10
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BAM base run –
fits to data 2 4 6 8 10
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BAM base run –
fits to data 2 4 6 8 10
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BAM base run – fits to data 
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BAM base run – fits to data 
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BAM base run – fits to data 
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BAM base run – fits to data 
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BAM base run – fits to data  
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BAM base run – abundance 
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BAM base run – abundance age structure
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BAM base run – abundance age structure
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BAM base run – biomass
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BAM base run – biomass 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 – Spawners-recruits
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BAM base run – Spawning potential ratio
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BAM base run – Fishing mortality
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BAM base run – Fishing mortality (alternative metrics)
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MCBE – Abundance estimates
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MCBE – Spawners and recruits
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MCBE – Fishing mortality
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MCBE – Uncertainty in benchmarks 
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MCBE – Status indicators   
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MCBE – Status indicators   
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MCBE – Status indicators (alternative fishing 
intensity metrics)   
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BAM results – Management quantities 
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BAM results –
Sensitivity to 
MyFishCount discard 
length comps
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BAM results –
Sensitivity to 
FWRI RTD index 
+ age comps
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BAM results –
Sensitivity to 
dropping indices
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BAM results –
Sensitivity to 
weight on video 
index
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BAM results –
Sensitivity to 
scale of M
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BAM results –
Sensitivity to shape 
and scale of M
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BAM results –
Sensitivity to 
comp likelihood
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BAM results –
Sensitivity to low 
recent discards 
(HYPOTHETICAL)
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BAM results –
Sensitivity to 
high M; 
M=0.2 implies 
max age of 28 
(HYPOTHETICAL)
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BAM results –
Retrospective 
analysis 1950 1960 1970 1980 1990 2000 2010 2020
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Summary of assessment results
• SA red snapper are not yet rebuilt (robust result)
• Overfishing continued through 2019 (robust result)

• Overfishing resulted primarily from gen rec discards
• Alternative fishing intensity metrics tell the same story

• Estimated red snapper abundance has increased substantially 
in recent years, and is highest at the end of the time series
• This result is driven by high, recent recruitment

• The age structure has filled out, but not yet to the level 
expected at F30%

• Natural mortality remains a key source of uncertainty in this 
assessment
• Though results are robust to range used in this assessment
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Topics
• Background
• Data
• Assessment model
• Assessment results
• Forecasts
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Forecasts
• Six scenarios identified by the SSC working group, 

3 F scenarios X 2 recruitment scenarios
• F scenarios

• F=F30%

• Frebuild with 0.500 probability
• Frebuild with 0.675 probability

• Recruitment scenarios
• Long-term average recruitment
• Recent high recruitment
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Forecasts, other details
• New F starts in 2023

• Will be revised to start in 2021 (4/21 Council request) 
• Interim period (2020-2022) applies average 

landings from 2017-2019
• Just 2020 in the forthcoming revision

• Reduction in discard mortality (more descender 
device usage) starts in 2021
• Applied as proportional reduction to discard F
• F-weighted average of fleet-specific discard mortality 

rates 
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Forecasts, discard mortality reduction 
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Forecasts, technical issue
• Change in discard mortality would result in different 

benchmarks
• For internal consistency, forecasts in the report have a 

different set of benchmarks than the assessment

• However, since the report, SEFSC and SERO have 
considered an alternative approach (more later)
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Assessment benchmarks Reduced discard mortality
F30=0.21
MSY=405 klb
SSBmsy=635,426

F30=0.22
MSY=442 klb
SSBmsy=635,583



High recruitment scenarios
• Use geomean recruitment from terminal six years
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Example forecast (Frebuild with 0.675 prob
and mean recruitment)
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Example forecast (Frebuild with 0.675 prob
and high recruitment)
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Note, overfishing. Is this 
acceptable in the short-term?



Additional forecast consideration
• Given reduction in future discard mortality (descender 

devices), should forecast benchmarks differ from 
assessment benchmarks?
• Yes, if forecast scenarios require internal consistency with 

benchmarks
• No, if a positive management action simply raises the bar for 

rebuilding
• An alternative approach (not in the report) reduces 

discard mortality in the future, while allowing the 
additional fish to be caught as landings
• This approach has support of SEFSC and SERO leadership
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Alternative, two-step approach to forecasts
• Step One: Forecast using prevailing conditions 

(assessment benchmarks) to compute Frebuild
• Step Two: Forecast using Frebuild from step one, but 

reduce discard F to account for descender devices, while 
iteratively increasing landings F to still achieve rebuilding in 
2044

• Preliminary investigation: compared to previous (report) 
forecasts, this two-step approach has similar trajectories of 
SSB and total kills, but lower discard mortalities and higher 
landings (~21% higher)
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What forecast scenarios does the SSC need 
for catch advice?
• Management start year of 2021? Yes.
• Longterm average or recent high recruitment?
• Use the two-step process?  

• Frebuild is based on prevailing conditions 
• For ABCs, project at Frebuild but with reduced discard F 

and increased landings F
• Other modifications?
• To be continued …
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Extras
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Forecast tables
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Projection F=F30, mean recruitment
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Projection F=F30, high recruitment
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Projection F=Frebuild 50% prob, mean recruitment



Projection F=Frebuild 50% prob, high recruitment
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Projection F=Frebuild 67.5% prob, mean recruitment
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Projection F=Frebuild 67.5% prob, high recruitment
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