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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
SEDARY73

¢ SSB,y;4/SSBes = 0.14
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Background - SEDAR73

« SEDARTY3 (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

« SEDAR7Y3 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
* \on 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)

. Spawnmg 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

@ NOAAFISHERIES



Proportion

Landings and discard mortalities (in numbers)

Landings in numbers (fish)
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Comps available for S73

* Lengths
« Commercial landings 1984-1992
« Commercial discards; pooled into <2010 and 22010
 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

« 541 combined the two indices, because of non-independence
 Chevron traps (2010-2019)
* Videos (2011-2019)
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Indices
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SEDAR73 data summary

SERFS
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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
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Natural mortality

Scaled to Then et al., lutjanids only

Natural mortality
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Discard Mortality

Fleet Block 1 Block 2 Block 3 Block 4

cH 048(0.35 — 0.58) 0.38(0.258 — 0.48) 0.36(0.26 — 0.46) 0.32{0.22 — 0.42)
HE 0370.27— 045) 0.26(0.18 - 0.34) 025017 -033) 0.22(0.14 — 0.30)
GR 037027 — 045) 0.28(0.20 - 0.36) 026(0.15 —-0.34) 0.23(0.15-0.31)

Block 1
» Recreational: pre-2011
e Commercial: pre-2007

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

Block 3 (circle hooks + 25% descender device use)
o Allfleets: 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)

* |nitial age structure in 1950 was equilibrium age structure,
conditional on F,; (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

Fleet /survey Block 1 (1950-1991) Block 2 (1992-2009) Block 3 (2010-2019)

L.cH Flat Flat Flat
L.HB Dome Dome Dome
L.GR Dome Dome Flat
D.cH Dome Flat
D.HE Dome t[lnme Dome
D.GR Dome Dome Dome
HED Dome Dome
CVT Diayme
VID Flat
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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)

* |terative 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
* SPR¢
 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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Natural mortality
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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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Density
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Sensmwty runs
MyFishCount comp data included

* RTD index included, with corresponding age comps

e 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
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BAM base run - fits to data (comm landings)

Fishery: L.cH Data: spp
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Landings (1000 fish)

BAM base run - fits to data (HB & rec landings)

Fishery: LHB  Data: spp
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BAM base run - fits to data (comm dead discards)

Fishery: D.cH Data: spp
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Discards (1000 dead fish)

BAM base run - fits to data (HB & rec dead discards)

Fishery: D.HB Data: spp
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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

NOAA FISHERIES
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BAM base run - fits to data

o
o Index: cH Data: spp
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BAM base run - fits to data

o
) Index: HB  Data: spp
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BAM base run - fits to data

Index: HB.D Data: spp
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BAM base run - fits to data

o
&) Index: CVT  Data: spp
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BAM base run - fits to data

o
e Index: VID  Data: spp
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BAM base run - abundance

N.age.mdyr Data: spp
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BAM base run — abundance age structure

N at age Data: spp
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BAM base run — abundance age structure
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BAM base run - biomass

Biomass atage  Data: spp
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BAM base run - biomass age structure

B at age Data: spp
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BAM base run — Spawning stock

Spawning biomass Data: spp
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Recruitment (number fish)
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BAM base run - Recruitment
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Recruitment  Data: spp A Recruitment deviations  Data: spp
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BAM base run — Spawners-recruits

Stock-recruitment  Data: spp
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BAM base run — Spawning potential ratio

SPR Data: spp

12 -= F30

19

0§

SPR

04

04

02

04

[ [ [ [ [ [
0.0 0.2 0.4 0.6 0.8 1.0

Fishing mortality rate

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



BAM base run - Fishing mortality

FIFmsy Data: spp F by fishery Data: spp
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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 henchmarks

Probability density
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MCBE - Status indicators
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MCBE - Status indicators

— S 97.8% of distribution below
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MCBE - Status indicators (alternative fishing
intensity metrics) ;
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BAM results — Management quantities

Quantity Units Estimate Median SE
Fage; y! (.21 0.21 0.02
85% Fape; y—! 0.17 0.17 0.02
5% Fapm y—1 0.15 0.15 0.02
65% Faoy, y! 0.13 0.13 0.01
Fynw, y! 0.15 0.15 0.02
- 0.10 0.10 0.01
B metric tons 6530.71 6483.54 1475.32
SSE,.-QD% eggs (1ES) 635426.40 594630.20 233432.64
MSST eges (1ES) 476569.80 44507260 175074.48
L pager 1000 b whole 404.70 A07.7 09.69
£ — number fish 436868.50 439823.20  89925.13
L a5 pans 1000 b whole 404.85 407.88 05.99
L 5o panm 1000 b whole 308.97 401.84 0718
L g5z panm 1000 b whole 386.75 380.45 03.96
Foni7_s010/ Faom 2.20 1.95 0.45
Eon17_ 200/ Epagsn 2.20) 1.97 .53
55B,5,/MSST (.50 0.66 0.27
SSBog16/SSBgaogn 0.44 0.49 0.20
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BAM results -
Sensitivity to
MyFishCount discard
length comps
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B A resulte - F 0
Sensitivity to

FWRI RTD index

+ age comps
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BAM results -
Sensitivity to
dropping indices

@ NOAAFISHERIES
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BAM results -
Sensitivity to
weight on video
index
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BAM results -
Sensitivity to shape
and scale of M

@ NOAAFISHERIES
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19 —— Base (Dirich.let-m.ulltinomial)
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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Summary of assessment results
« SAred snapper are not yet rebuilt (robust result)

* Qverfishing continued through 2019 (robust result)
* Qverfishing 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

e 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=Fapq
* Frebuild with 0.500 probability
* Frebuild with 0.675 probability
* Recruitment scenarios
* Long-term average recruitment
 Recent high recruitment

PP
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Forecasts, other details

* New F starts in 2023
* Will be revised to start in 2021 (4/21 Council request)
* |nterim 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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fv m NOAA FlSHERlES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 79
.



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

F30=0.21 F30=0.22
MSY=405 klb MSY=442 klb
SSBmsy=635,426 SSBmsy=635,583

However, since the report, SEFSC and SERO have
considered an alternative approach (more later)
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High recruitment scenarios
 Use geomean recruitment from terminal six years

A Recruitment deviations Data: spp
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Spawning stock (1e8 egg:
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Spawning stock (1e8 egg:
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Example forecast (Frebuild with 0.675 prob
and high recruitment)
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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 20217 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

e 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

Table 5. Pmjecfion mwsulls with fisfing morialidy rafe fived af F = Fypy dariing i 20258 and long-ferm, avemge reemidfmend. B = number of
= londings eapressal in numbers fn, 0 1000s)
or whole weight (w, in 100010 ), and D = dmd discands expressed in numbers (n, in 1000s) or whole weight {w, in 1000 1b ), proeb = proportion
af stochastic prmjection replicates with S5B > 88Byay . The extension b indicates expected values (deterministic) fom the base run; the extension
mex] mdlcales median values from the slochastle projec Bons.

age-1 recruits fin 10006 ), F = fishing mortality rate (per year), § = spouming stock (e egs ), L

Year H.b H.omesd .k Fonesd  H.biled)]  Somedilef)]  Lbin)  Lomedin) Lbiw)] Lomediw) Dhin)l Dmedin)  Dbiw)  Donediw) proeb
o 4nT LED 0.nEe 0.54 e [a e 24801 4n ag 416 4049 408 aTe 19380 1874 0052
D21 48T S0 0GR 051 SAZER0 SETHERY o5 aT 430 413 72 240 1458 160 0.1o7
2022 437 Bl 033 0.25 SASLE] 401377 ah ah 419 412 213 155 1218 1105 0,185
D2E 43T &0 0,22 0.23 GRELDG 451220 24 25 a2 abd 156 1i6 Th2 T 0,210
024 43T Bl 0,22 0.23 429185 458171 24 27 alE Ghs 156 131 T2E Tal 0,244
AL 48T 381 0.22 0,25 457014 4805148 25 27 KR ITH 136 129 T18 TS 0272
AT 48T 37T 0.22 0.23 AH1857 450145 25 28 48 361} 136, 129 T21 oL 02898
AT 48T 382 0.22 0.23 S03100 514585 26 28 el 3o 187 129 T2E 5 £ 53
AR 487 g1 0.22 0.23 52147 S2E45T 26 28 7 4007 187 129 TA0 L5 .53
X029 437 a0 0.22 0.23 SaT4n2 SEATIO 28 23 s 41% 137 129 Tas (221
ann 4n7 aT8 022 0.23 551144 543529 27 23 L 418 137 150 Tad il
a1 aT ar 0.22 0.2% SH2901] SE0EES 27 28 iy 425 ar 150 ThE i 05468
o2 4aT o500 0,22 025 BTa2406 LEEN24 a7 20 4 4268 1&7 1&0 Tab % 0552
i ot o500 0,22 025 BRINGE nEZ1lA a7 20 405 ] 1&7 1&0 ot T 0,556
nsd 4aT o8l 0,22 025 BROR22 REEANT 25 20 414 i 1&7 1&0 TaT TR 0,565
oh ot o500 0,22 025 ERE0GY BTORG0 25 20 415 ] 1&7 1&0 ot TR 071
A03E, 48T iTe  0.22 0.23 ET2T 578432 28 29 421 4587 187 130 TR FLEFUR I i)
F/T 48T 80 0.22 0.23 fu443 STEAE 28 29 424 4400 1837 130 T8 TE (885
A58 48T g1 0.22 0.23 10514 STRIZ 28 29 43 443 1837 131 T389 e DA
Fse 487 iTe  0.22 0.23 11351 SH141 28 29 4289 A44 187 130 T8 T12 (0. 4000
a4n aT adl 022 0.2% B1T005 SEnEEN 28 29 400 445 ar 150 Tag 711 0407
a1 aT LEs 022 0.2% H19606 SEd485 28 29 42 446 ar 150 Tt 710 0.414
a4z aT adl 022 0.2% 621844 SHGHER 28 29 a 447 ar 150 Tt 710 0.420
45 aT ad2 022 0.2% G578 SATAES 28 a0 455 448 1548 150 Tt ik 0426
44 aT o0 0,22 025 G25424 nEEEA 25 ] 4o 445 155 150 T40 OGS 0,455
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Projection F=F30, high recruitment

Table 31. Projection results with fishing mortality rate fived at F' = Fage, starting in 20253 and recent average recruitment. B = number of age-1
recruits (in 1000s), F = fishing mortality rate (per year), § = spauming stock (1e8 eggs), L = landings erpressed in numbers (m, in 1000s) or
whale weight (), in 1000 b)), and D = dead discards expressed in numbers (n, in 1000z} or whole weight (w, in 1000 b)), proreb = proportion of
stochastic projection replicaies with 55B = 55By ey, The erfension b indimfes expected values (deferministic) from the base run; the erlension
med indicates median values from the stochastic projections.

Year H.h Fomed Fh  Fomed Shilef] Smed(lef] Lb%nl Lmedin)l Lbw] Lmediw] Dhnl Dmedin)l DYWwl Domediw] proeb

200 1145 el 008 .74 BRANEE Foy amlTa A 40 416 406 A0 447 B | G 0
2021 1145 Q82 034 .30 ahdl 2z aTadz A0 a9 420 413 421 A5 1513 1615 0,128
2022 1145 984 0,28 025 416135 448412 40 a8 414 112 a7 A2h |7a0 1523 0252
2en 114s O84 022 0.2% 497454 5aTAT] arn 40 a8 450 L8 0T 14565 1491 (0.7, 50,
2024 1145 o83 0.22 .23 HEEE N G1a831 4l 45 A5G hl0 amn A2l TETEN 1G0T 0.530
2025 1145 a8L 0.2z 023 GA035] To1264 i an han hel ada a27 1760 I GEA G673
a0 1145 O7: 022 0.2% TaTELL TELE2G il 53 [ENIN L 15 G a0 R 1 T35 (0.7TH5
2027 1145 a8 0,22 023 BS2303 SOGEOT | i) K] TOG anT Aal 1567 17T L5851
2028 1145 ORL 0.22 023 A7 1484 042264 a7 aa T2h TG0 a6 Aad IBAS 177 .94l
2a 1145 OET 0.2z 0.2% 054158 1011250 il &2 Tra AT isa 234 =05 L TEL naTz
20800 1145 aT4 0.2z .23 1129513 IOTATEL 2 Gl RaT Ah3 ano A 1902 1754 0.950
20431 1145 avy 0.2z 023 [1a7as] 1132538 i i &ro gl ang BEE 1any 1744 1.9 96
a2 1145 981 022 0.2% 2587 11522 0r &7 E e o 335 1511 | TEa (IRER 2
20533 1145 Qs8] 0.22 023 131 2555 1227167 i G5 2 ahLs ang Aah 1915 1507 10000
2034 1145 987 0,22 023 |3 GO2RT 1265845 8 if a7l IS a0 Aah 1918 IR 13 l.0oo
s 1145 O84 022 0.2% 14017 1200445 8 0 o 100 A 338 1521 L&E17T 1.0
2086 1145 as81 0.2z .23 14358041 L331Ta3 Ll Tl RIS 1025 A AT 1924 1522 10000
2037 1145 987 0.22 023 1469513 LALRATE il T 1068 147 a60 A48 1926 1B2T L.000
s 1145 981 022 0.2% BRI 64 12TRETT Tl T2 10554 1064 EAE N 332 152 |&n2 100K
2039 1145 as2 0.22 023 1520575 1400T8E T2 Ta ML 1075 A aar 1930 1532 10000
2040 1145 ORL 0.22 023 1540703 1418726 T2 s 108 ] 1R a0 Aah 1831 | Ba2 l.0oo
241 1145 Gon 0.2z 0.2% IB5E] G 1421587 T T4 1az 106 A 23R 14z (A 1.0
2042 1145 82 0.22 .23 15T 3246 L4 AZGTO 73 T4 L1011 LL10 A AT 1933 1532 10000
20435 1145 g 0.2z 023 IGEG]RG 145408 ] T3 h 110a 1118 a60 aar 1954 | B32 L.000
2044 1145 983 0.22 .23 1597313 [ TR RN T4 Th L1l 1124 A A3 1935 1532 10000
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Projection F=Frebuild 50% prob, mean recruitment

Table 2. Projection results with fishing mortality mie fized af F = Frugug (P=0.5) starting in 2029 and long-term, average recruitment. R =
number af age-1 recruits (in 1000s), F = fishing mortality rate (per year), § = spauning stock (1e8 eggs), L = landings expressed in numbers |n,
in 1000s) or whole weight (w, in 1000 1b), and D' = dead discards expressed in numbers (n, in 10008) or whole weight {w, in 1000 b ), proreb =
propartion of stochastic projection replicates with 55B = 558Byey. The extension b indicates expected values (deferministic) from the base run;
the extension med indicates median values from the stochastic projections.

Year  H.bo Fomed Fv Fomed S.bilef]  Smed| led]  L.bin] Le.medin] Lo.biwr ) Lerned ar | 3. %n) medin] 13 Yl Dimed (] prorel

2020 457 2EO 008 0.%4 AL R 2 w4501 40 a0 416 405 A0= aTa 15E0 1574 .05
2021 487 80 0.5 0.4l 42350 ALTE a8 ar 420 413 o2 240 14899 | a6g o.1or
2022 47 TN I L 0.28 ELERRY| A0 1ATT A A 414 412 214 5] 1219 [N TR U s
a0en 427 A0 022 0.2z LOEGL0 A% 101 23 i) 2096 BT 123 133 TiE Tra 0211
2024 487 a81 0.2z .22 AA05G] ALGTIT 24 0w alz ahz 133 129 Ti2 T4 0247
2025 487 a81 0,22 0,22 450505 AR ZRGH 24 T A28 avd 154 127 TOE GaG 0,277
202 457 7T 0.2 0.2z A84TEA IS a5 a7 34 285 174 127 Tiz CAT 002
2027 4aT 82 0,22 0.22 GO B IR 20 25 anT Bt R 135 127 TI& (85 .32
2028 437 a81 022 0.22 HERAL0 N3 1966 26 28 A6 ans 135 127 722 GRA 0.338
e 4nT aE0 022 0.2 LA TRE DA 26 28 aTo 4049 155 |28 T25 (2SI WA
20600 487 ars 0.2z 0,22 HEHLE LY HEILEAN 27 25 A8T 415 135 125 726 i 0,365
031 487 ares 0.2z 0.22 AT1024 GhRTHD il 28 A04 420 135 128 27 GaG 0,374
w2 4a7 2E0 022 0.2z HE2125 AREAEE a7 28 402 424 155 128 T28 AT 0ES
2033 437 A80 0 .22 .22 halnas AT1LAS 27 ot 407 428 135 125 729 (2] .3
034 A8T a8l 0,22 0,22 LOOGRG ATR0TT 28 20 412 452 135 128 720 GOE 0405
B AT A LEO 022 0.2z LeTaT SEOE2] 2 pe-t | 416 474 [ 128 Tan faE 0418
086 437 aTe .22 .22 61207 hEFRLZ 25 ot 420 436G 1363 125 Tan a 0425
037 487 a80 0,22 0,22 G1a040 HRTA4E 2B 20 423 450 136 128 Al 7ol 0,453
PR S KA Gl nZER 0.z GZ24TE BRI S bt 420 411 [ |20 Til LIS N
2059 48T are 022 0,22 GXETA MmaTT 25 = 428 A3 136 125 Tal 5 455
2040 487 a8l 022 0,22 G2O0GH A0 4900 2R 20 430 445 136 128 Tal Tod 0,464
21 48T aEL 022 0.2z FEAER N e A 49 2& b 432 446 156 128 TiZ 2 0472
M2 43T a81 o2z .22 G852 MasLLT 25 ot 433 44T 136 125 Taz A 452
LIS KR G a82 0,22 0,22 GAGRAT L0009 56 28 20 434 418 LA 128 a2 oz 0,441
24 A48T S50 0,22 0,22 GASTEG 0L AT 25 = 4356 449 136 124 Ta2 Tz 408
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Projection F=Frebuild 50% prob, high recruitment

Table 33 Projection resulis with fishing mortality rate fived at F = Flopgua (P=0.5) starting in 2025 and recent average recruitment. B = number
af age-1 recruifs (in 1000s), F = fishing moriality rafe (per year), 5 = spauming stock (1ef aqgs ), L = landings expressed in numbers (n, in 1000s)
or whole weight (w, in 1000 1b), and D = dead discards ezpressed in numbers (n, in 1000s) or whole weight (w, in 1000 1b), pr.reb = proportion
af stochastic prajection replicates with 358 = 55By gy, The exfension b indicoies expected values (deterministic) from the base run; the erfension
med indicofes median values from the sfochastic projections.

ear F.t F.. med F. Foned  Hhled] Smed]led®) Li.bim) Lo.med|n) Lo bepwr ) Lomediw] 3. hin] Domedin) 1. b Domediw] prael
200 1145 Gl 0.8 0.%4 A0E4E2 LG1TE Al A0 416 A 460 447 T 19161 (L0
021 1145 as2 034 (.30 ahdl 2z ATONG2 i an 4200 413 421 AnG 1513 1615 0,128
2022 1145 agg 029 .25 416135 448412 Al an 418 412 387 A25 1730 1523 0252
2002 1145 gl 4% 1.4% 405204 490777 i T2 o) TS LES 54T »ET 205 ALY
024 1145 Q85 0435 043 AQTTHL hlalng i T2 Tad B2h HE H23 2587 2514 .85
2025 1145 aRs o 043 0,43 H24180 hahdTR ity Tl 764 845 han L05 2513 2410 0378
20 1145 aTh 043 0.4% SAEAIEG SdaeaT i T TaT 250 5 406 264 2541 0,297
027 1145 a5 043 043 LG4ET0 hbansn [ T HiG Aiih haz 493 2441 2303 0411
2028 1145 aEs o 043 0,43 LTOLG2 GETARZ i T H22 a7l hal 494 2431 22492 0,422
20a 1145 QT 047 .45 SE19dT e AR ar T 205 2T 5| 49 228 22 0,424
2060 1145 a7 043 R GOAEG RTSATS 67 T0 56 551 hal 495 2428 2288 0441
2031 1145 avy 043 .43 Glolng GE2GIR 8 T BOG BEG nal 494 2429 2294 0,444
PETHCAE R B I gl 4% 1.4% £ ESaT GE1424 s T Az 2E0 5l 405 2450 2202 (L4585
2035 1145 a5l 0435 043 G255 LEGTTT 5 T0 S S63 hal 495 2431 2247 L4558
2034 1145 ARy 043 043 G2607T4 HETI04 i1 T B3 804 hal 405 2431 2303 0, 466
EINCAT I B I G4 043 0.4% 20 ED BE2123 8 T aTT et IE3A | 405 b B 250 04T
2036 1145 a5l 043 043 GA2268 hEQEDD (2 T &0 Bar hal 400G 32 2303 0,473
2037 1145 ARy 043 0,43 GA4523 Gonhad Gif 7l HES 8O0 hal 4a7 2432 2311 0,476
2EE 1145 O 047 .45 AAELED GOl ELE 0 Tl e anz 5| 496 2433 2R 0484
20:8 1145 Q52 043 [ GATEAL Ra2481 7 Tl R8T fanz hal 466 233 2310 .450
2040 1145 aEs 0,43 .43 GAO05S HO2205 if 7l BEE an3 nal 496 2433 2306 0,480
2041 1145 Qo0 0.4% 1.4% A5 TR R o Tl 0 Qs il 406, p ke 200 (14565
262 1145 Q82 0435 043 GANSGS HAE 266 7 Tl SE QG hal 4965 233 2305 0.497
2043 1145 agn 043 0,43 G4 1545 HR4306 i Tl B any hal 4a7 2433 2302 0501
204 1145 Q85 0435 043 G4 2106 T2 7 Tl a2 Qs hal 495 233 23006 (.502
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Projection F=Frebuild 67.5% prob, mean recruitment

Table 84. Projection results with fishing mortality rate fized ot F = Fo g (P=0.675) storting in 202% and long-term, avemge recruitment. R =
number of age-1 recruils (in 1000s), F = fishing moriality raie (per year), § = spawning stock (1e8 eggs), I = landings expressed in numbers (n,
in 1000s) or whole weight (w, in 10001b), and D = dead discards expressed in numbers (n, in 1000s) or whole weight (w, in 1000 1b ), proeb =
proportion of stochastic projection replioafes with 558 = 55Bygy. The exfension b indicafes erpacted values (deferministic) from the base run;
the extension med indicaies median values from the stochastic projections.

Year BB Famed Fh  Fomed Shilef]  Smedilef] L.bin)l  Lmeding  Lbw]  L.media) [3.m) Dimeding  Dohiw) Domedw] proeb

2020 48T B W 2 .74 206003 L2501 40 i 418 A 0= ava 15 1 ET4 (RS
2021 437 S50 035 0.3l A42360 AATEG a8 ar 420 413 e 240 14659 1360 0107
2022 487 arl o 0. 0.28 BLEREY| A0 ATV Al B 419 412 214 185 1218 108 0. 168
202 44T a0 0.2l .21 AOCES AL5A0S 232 @ 279 227 126 126 (2l TG 215
2024 48T a8 0.2] 0.2] 434647 AGA1 34 22 i 297 B 1263 123 T G54 0255
2025 487 ARl 0.21 n.21 AGRATS 490157 23 206G ald anT 127 122 i GG 0205
a0 48T TNzl .21 4TTE Gl =T 24 o ann AT 128 122 (AR 2 .o
2027 4aT a8 0.2] 0.2] HAGAG RAZAMG 25 o ad4 a5l 1249 122 s 53 0355
2028 487 ARl 0.2l n.21 Gdannd H4TaR2 25 27 ant ann 129 122 GaT G5 .G85
2029 447 A0 0.2 .21 BE2EYE i 26 o ana a0 120 122 Tl i 0410
2050 487 ars 0.2l .21 HE 0T XTG 26 o ara A0 150 123 Tz Tl 04353
2031 A37 are 0.2l 0.21 BOLAZ0 HBR2A0] 26 28 a87 411 130 122 704 67 01, 460
b1 AR A A0 0.2l .21 GOETAZ a0 27 b} 205 417 150 127 4 74 0.qaz
2033 4387 a800 0,21 .21 GAZZ RATI 27 25 A1 422 130 123 TG a7 (0,505
2034 487 ARl 0.2l 0.21 Ganzq7 G052T2 T 28 407 426 1] 123 O 676 0525
PEL I CAS T Ay a0 0.2l .21 (02T 1412 27 = 41z A28 (RN 127 TOE LTy ¥ (LS [
203G 487 are 0.2] 0.2] GAGEDT Glanng 27 25 Al 43z 130 123 ToT a7 0.565
2087 487 aR0 0.21 0.21 GHI0E5 G2l 16 28 29 420 435 130 123 Tay i 5151
268 457 Al Dz .21 T B G24417 28 23 423 458 10 124 TOE 679 (LG
038 A48T are 0.2 0.2] GEAA0S G251 10 25 it 426 4410 130 123 & GS 2 0613
2040 487 ARl 0.21 n.21 GGETATT RA0RZE 28 20 428 442 130 123 TOE ] 0.G28
204 1 43T aEL 0.2 .21 GT11ES FLESER 28 p | 430 444 170 12% TOE N 0542
242 4aT a8 0.2] 0.2] GT4a01 G458 16 25 x 432 445 130 123 g GE0 0LGHT
045 A4av ARz 0.2l n.21 GTaa00 G742l 28 20 433 447 130 123 Toa GEO 0n.G6T
2044 487 a800 0,21 .21 GTEALD Gas0AT 25 x 435 A5 130 123 o (A0 0677
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Projection F=Frebuild 67.5% prob, high recruitment

Table 35. Pmjection results with fishing mortality mie fived at F = Frugua (P=0.675) starting in 2025 and recent average recruitment. R =
number of age-1 recruits (in 1000s), F = fishing mortality rate (per year), S = spawning stock (Tef eggs), L = landings expressed in numbers (n,
in 1000s) or whole weight (w, in 1000 1b ), and D = dead discards expressed in numbers (n, in 1000s) or whole weight (w, in 1000 b ), proreb =
proportion of stochastic projection replicates with SSB > S8Byey. The ertension b indicates expectad values (deterministic) from the base run;
the extension med indicates median values from the stochastic projections.

Year F. b F.med F.b Fomed Shilef]  Smed{lef] L.bin) Lomedin)  Libw]  Lomediw]  [Dbhin)  Domeding 13w I3 e ) pr.reh

2020 1145 Qe A0 .54 a8 82 IXITE A 40 416 406 A0 447 AT 151 0
2021 1145 952 0.34 (.30 abdlzz aATaN2 A0 a0 420 413 421 A0G 1513 161G 0.1
2022 1145 a4 0.20 0.25 416155 448412 A a0 410 412 87 A25 T30 1523 0.252
2025 1145 O84 041 .41 468024 40GE0E fil 6o i i Tid SdE 527 2500 2548 (.50
2024 1145 253 0.4l 4l HINHT L B fid T Tla A1 hah HIN 2ha0 2448 (L3700
2025 1145 aEL 041 0.41 LAGRTT DAR1DE G4 7o 740 H2E h26 402 2468 2366 01,406
202 1145 T 04l 41 LLERED BELETO (i .o Tra 245 haz 484 24n1 2008 475
2027 1145 258G 041 41 HAGTOS LT i T0 Hiz2 Sl hal 452 2413 2274 .471
2028 1145 aRs 041 .41 GOGLET afEng ] i hiL 823 a7l aln 483 2405 22166 0,497
2028 1145 Q8T 041 .41 22400 0158 LTy T0 &40 HE als 48 2414 2205 5z
2050 1145 aTd 0.4l 41l 5 NaGe GlOTaE ] T Ehh S0 hla 454 2404 2265 0547
2051 1145 aryr 0.4l 0.41 GAT0RD 617354 1131 7o BT BOT L4 483 2406 2271 .5 06G6
22 1145 g1 0.4l .41 [ e b 21506 o Tl &7 i G4 484 2407 2270 5E2
2085 1145 @51 04l 41 GEATET G25FA 2] 71 BRh LS hlg 45 2405 2275 (.58
2034 1145 ARy 041 .41 GHANAS G2TRLE (i) 7l 8oz 1z hla 484 2408 2282 0.6 10
2ms 0 1145 as1 04l .41 CTENT PR | (2] Tl HoE a1 Lla 484 24068 2279 (L630
2086 1145 251 0.4l 41 GTH221 GAsA0T it 71 2 a1s hla 455 2410 2282 (L.GA2
2037 1145 a8y 0.41 0.41 GR2GTD GAA0G6 i Tl anG a2z L4 485 2410 2200 0642
2E 1145 g1 0.4l 041 GHEES1Z AR ] i Tl ma o 519 485 2410 28R 645
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