BLUE SHARK STOCK ASSESSMENT MEETING i HYBRID, MADRID, 2023

Report of the 2023 ICCAT Blue Shark Stock Assessment Meeting
(17-21 Julyhybrid/ Madrid, Spair)

The results, conclusions and recommendations contained in this Report only reflect the view ohdnlesS
Species Group. Therefore, these should be considered preliminary until the SCRS adopts them at its annual
Plenary meeting and the Commission reviews them at its annual meeting. Accordingly, ICCAT reserves the right
to comment on, to object to and/or to @orse this report, until it is finally adopted by the Commission.

1. Opening, adoption of agenda and meeting arrangements

The meeting was heldin Madrid (Spain) between 17-21 July 2023. The Shark Species Group Rapporteur
and meeting Chairman, Mr. Rodrigo Forselledo, opened the meeting and welcomed the participants
(the Group). Mr. Camille Manel, ICCAT Executive Secretary, welcomed the participants and wished them
success in their meetingThe Chair proceeded to review theagendawhich was adopted without changes
(Appendix 1).

The List of Participants is included inAppendix 2. The List of Documents presented at the meeting is
attached asAppendix 3 . Document and presentation summaries are included iAppendix 4 . The following
participants served as rapporteurs:

Section Rapporteur

Item 1. N.G. Taylor

ltems 2.1-2.6 N.G. Taylor M. Braccini

ltem 3.1 B. Babcock, X. Zhang

Item 3.2 H. Bowlby, G.Cardoso, DCourtney

Item 3.3 R. Sant'Ana, CFernandez, MOrtiz

Item 3.4 L. Kell

ltem 4.1 B. Babcock, X. Zhang

Item 4.2 G. Cardoso, D. Courtney, J. Riee Bowlby
ltems 4.3-4.4 R. Sant'Ana, C. Fernandez, A. Kimptd. Bowlby
Iltem 4.5 A. Kimoto, J. Rice

Item 5. M. Ortiz, A. Kimoto

Item 6. G. Diaz, R. Coelho, R. Forselledo

Item 7. C. Brown, R. Forselledo

Item 8. A. Domingo

Item 9. JC. Béez

Item 10. N.G. Taylor

2.  Summary of available data for assessment
2.1 Stockidentity

The Chairreviewed the decisions made about stock structure during th2023 Blue Shark Data Preparatory
Meeting (Anon., 2023). He reminded the Group that tagging data supported a small degree of mixing
between the northern and southern stocks and genetic analysis supported a small degree of mixing between
the northern and Mediterranean stocks. However, the Group agreed that the data were naifficient to
support assessing the northern and southern stocks as a mixed stock. For the 2G28ck assessment the
Group agreed to leave the current stock designations in place. The 2023 stock assessment was conducted
for the northern and souhern stocks only.

2.2 Catches

The Secretariat presented the updated nominal catch serieShe available data were posted on the
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visualize the available data. The Secretariat also reviewed thibree CPC revised catch series that were
provided after the 2023 Blue Shark Data Preparatory MeetinfAnon., 2023). The revisions were minor, and
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the catch series for input into the assessment remained nearly identical to those presented at #&3 Blue
Shark Data Preparatory Meeting(Anon., 2023). The differences between the data series used in the
modeling and the updated Task 1 catch data were less than 0.5%. Therefore, the catch data used for
modeling were not updated to include these revisionsCatch data used in the modelling are presented in
Figure 1. Catch data for the northern and southern stock by fleet are summarized Fable 1 and Table 2,
respectively.

The Group notel that Mediterranean Seacatch series remain incomplete. To permit future stock
assessments, CPCs that catch/bycatch blue shark in the Mediterranean were encouraged to submit their
data including historical data.

SCRS/2023/121 summarized the revision and update of the available detailed catch and size data per fleet

up to 2021. Most of the data presented in the paper were those that had been approved during Data

Preparatory Meeting It was pointed outthat approximately 99% of the catches of blue shark come from

longline gear. For the stock assessment purposes, longline fleets were grouped into 10 fleets for the

northern stock and 11 for the southern stock. Thesd Al | AA O/ OEAO6 Akdahdatchil&OECT AOE
(including minor purse seine and gillnet) that are not included in the other major fleet designations.

Catch series foiblue shark (Prionace glauca include the reconstructed catch time series used in the 2015
stock assessment. The reconstructed catch time series are considered the best estimates of catch for the
northern and southern stocks. Considerable differences between reported and reconstructedtches were
noted for years prior to 2000 for the northern stock and prior to 2010 for the southern stock. After the years
2000 and 2010 for the northern and southern stocks, respectively, the reconstructechtie series match the
reported Task1 time series reasonably well. For the assessment, the reconstructed time series were used
up to 2013 and the reported Task 1 catch time series for all years afterward (2012021).

The Group inquired if catches estimated in th€015 Blue Shark StockAssessmentSession(Anon., 2016)
were included in the Task 1 dataln response it was noted that they are not included. However, the plan
articulated by the 2023 Blue Shark Data Preparatory MeetinAnon., 2023)recommendations was to send
the reconstructed catch series to the CPCs by the end of July 31st for their review and approval by
September 1st, 2023. CPCs requiring more time can review and approve these data sdater. Upon CPC
approval (or if there is no response) these reconstructed series will subsequently be submitted for approval
at the Subcommittee of Statistics for the inclusion in the official Task 1 data.

The Group inquired if reconstructed catch time series included changes made between northern and
southern stocks by some CPCs. In response it was noted that where CPCs had provided updated time series
in the catch, then they were included. It was also noted there was some degree of overlap betwéemn
observer data (i.e., historical data) and the revised CPC data (i.e., Task 2). To avoid duplicatf@Group
agreedthat the revised CPC data had priority.

2.3 Indices of abundance

The Chair summarized the indices that were reviewed by the Group during the2023 Blue Shark Data
Preparatory Meeting (Anon., 2023) None of the reviewed indices was rejected for use in the stock
assessmentPlots of standardized indices of abundance are presented ligure 2. Available Catch Per Unit
Effort (CPUE)indices for the northern and southern blue shark stock are provided iffable 3 and Table 4,
respectively.During the Data Preparatory Meeting the Group also reviewed a clusteanalysis that provided

a way to group indices into groups that represented different hypothesis about the trajectory of the stocks.

The Group inquired about the Japanese longline (1971993) early series and the historical L& research
survey series (195%2000) that were used in the 2015 assessment. These indices did not have to be updated
and were not discussed at th®ata Preparatory Meetingwhen the other CPUE series were presented.

2.4 Biology
The Chair summarized the biological information agreedto during the 2023 Blue Shark Data Preparatory

Meeting (Anon., 2023). This included the information used in the2015 Blue Shark Stock Assessment Session
(Anon., 2016)and relevant updated information.
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2.5 Length compositions

SCRS/2023/121 also reviewed the catch length compaosition time series. It was noted that in the 2015
assessment, length composition data were provided by the CPCs at the meeting. InBlaa Preparatory
Meeting, the Group agreed to use the historical data used in the 2015 assessment plus additional data
provided by CPCs, noting that some CPCs undertook a full review of the size information provided. The
paper provided a summary of theblue shark size data by source. The spatial distribution of the size data
was noted and the number of size samples available by sex were also presented. Size data were provided to
the modelers both by sex and aggregated. In order of priorityt) CPCs that provided revisions were used as
the main source of length composition datg2) length composition data from observer datathen 3) Task 2

size data were used.

The variability in mean size by fleet was reviewed. It was noted that there was less variability in mean size
by sex when thisinformation was available.

2.6 Other relevant data

SCRS/2023/115 provided a summary of the results of modelling lifdistory priors for steepness and the
intrinsic rate of growth. The Group inquired about the possible effects of density dependence on the
estimates of productivity given that the stock was ot considered to be depletedin response, it was noted
that the paper stated that blue shark stocks have been exposed to fishing for multiple decades and their
biomasses are likely far from their unexploited levels so that the parameter estimates here siid only be
moderately, if at all, influenced by density dependence. Accordingly, the derived productivity should not be
very different from the true intrinsic, or maximum, rate of increase.

The Group discussed the appropriateness of estimated steepness for blue shark from biological perspective,
because the estimates appeared to be close those of tuna and billfish species. It was suggested that
research be conducted into the methodology and resultant parameter values.

SCRS/2023/116 obtained estimates of life history parameters and steepness fromaishlife. Fishlife
combines the results of bothFishbaseand the Ransom Myers legacgatabases. The paper concluded that
the Fishlife estimates of the intrinsic rate of growth and steepness were unrealistic.

The Group noted that apparently low steepness estimates determined using Fishlife should not be
surprising. Fishlife estimates are more likely to produce productivity for a generic Carcharhinidae shark as

opposed to blue sharks specificallypecauseFishlife is a hierarchical method based on taxonomy. Once the
Fishlife estimates were updated using published estimates from the Leslie Matrix, then the updated
posterior provided more realistic results.

3. Methods and other data relevant to the assessment
3.1 Production models for continuity with 2015 assessment

SCRS/2023/126 used the software and inputs from the2015 Blue Shark Stock Assessment Session
(Anon.,2016), updating only the catch and CPUE data, and found that there were some differences in results
between the legacy Bayesian Surplus Production (BSP and BSP2) software Jing another Gibbs sampler
(JAG¥)code used in 2015, andust Another Bayesian Biomass Assessment (JABB#)both the North and
South stocks.

The Group discussed these differences and concluded that the differences were probably not caused by the
different algorithms, but rather by the differences in priors, weighting, and how process error is treated. In
particular, the older software used a less informative prior for the unfished biomass K (uniform on log(K)),
which cannot be reproduced exactly in JABBA. Most other model choices could be reproduced in JABBA.
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The Group also discussed the impacts of process error in the legacy BSP and JABBA. On one hand, the
inclusion of process error increases model flexibility to fit the data better. On the other hand, the inclusion

of too much process error may result in theestimated stock statusbeing disconnectedwith the data and
deteriorate model prediction skills. TheGroup discussedthe issues of data quality suclasconflicting CPUE
trends due to small sample size, limited temporaspatial coverage and conflicts amongndices.

The Group acknowledged the comprehensive work conducted with the legacy BSP software for this species
over the years. However, JABBA is easier to learn and provides diagnostics and model evaluation techniques
needed for modern assessments that are usealfter other platforms like Stock Synthesis 111 §S3. Thus, the
Group agreed not to use the legacy BSP software in this or future assessments. Useful techniques that were
available in older software, such as a continuous time version of the production modai additional prior
distributions, could be added to JABBA in the future.

To further evaluate whether differences between the 2015 and 202Blue Shark Stock Asessmentswere
caused by differences in model inputs or by the new data, a set of sensitivity analyseaswonducted in
JABBA. For th&outh, the results of the sensitivity analysis showed that the wasthe addition of the series

of relative abundance presented by Japan in the 2015 Blue Sha8tock Assessment which was not
identified for use in 2023. This early index did not have a great impact on the response of the Bayesian
models of surplus production adjusted. The contribution of the inclusion of this aggregatedrses resulted

in an initial period that was a little less stable, however, throughout the series there was no distinction of
the patterns already observed Figure 3).

For the North, several sensitivity runs were evaluatedThere were three sets of runs: a refers to Schaefer
vs. Pella and the K prior with low process error; b refers to different start years and indices with estimated
process error; and c refers to the post model pre datgeMPD)runs. Some runs used a prior for B/K in the
first model year that was lognormal (median=1, sd=0.2). Two older indices, the Japanese longline early
index, and USObsCru (Aires-da-Silvaet al., 2008), which were not included in the base case, were included
in some sensitivities. As inthe 2015 Blue Shark Stock Asessment, the U®bsCru series was only used
through 1991, because from 1992 forward other indices included some of the same information. Some runs
used a Schaefer model, with either the base case prior or a wider lognormal prior for K. Process error was
either treated as fixed at a low value$igmaR=$.01) or estimated as in the base case. Otherwise, the CPUE
weighting, and priors were the same as the base case. All the sensitivities were consistent with each other,
and with the base case, in finding that the population had decreased below® in the 1990s before
recovering to around Busyin the mid-2000s (Figure 4).

To further diagnose the implications of the priors and the catch datéor the assessment in theéNorth, two
PMPD diagnostic runs (as was done in the 20Bue Shark Stock Asessment) were presented in which the
model was run with the same priors and catch data, but with no index data. This can be done in JABBA by
inputting a single CPUE index, with one data point with a value of 1.0, and high fixedefficient of
variation (CV) and turning off posterior predictive checks in the JABBA fitting. The PMPD diagnastuns
found a decrease followed by an increase, indicating that this trend is largely driven by the large catches in
the 1980s and decreasing catches in the late 1990s and early 2000s, in combination with the priors.
However, the index data are needed testimate the scale of the decrease and increas€igure 4).

The trends were very similar in biomass and fishing mortality for all the variations in the model inputs for
both north and south, so the group decided to use only the JABBA base case for status estimation and
projections. The consistency of the sensitivies with the base cases implies that the results are robust to
these modeling decisions. In future assessments, there will be no need to either start the assessment for the
north in 1957 or to include either the Japan early or the USbsCru indices.

3.2 Length-based agestructured models: Stock Synthesis (SS)
SS3 from the North

SCRS/2023/128 presented the preliminary version of the stock assessment model using Stock
Synthesis(SS) forblue shark in the North Atlantic, fit to data from 1971 to 2022. There were 10 fleets and
8 CPUE indices, where the length compositions from the indices were mirrored to the catches to partition
removals by length.The two-sex model used the life history parameters agreed upon at tt2®23 Blue Shark
Data Preparatory Meeting(Anon., 2023), with initial CVs set at 10% for minimum age andikr in the von
Bertalanffy growth model. CVs on the CPUE series were determined using thetdge Francis method.
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Steepness of the spawnerecruit function and natural mortality were the median values from the 6 life
history estimators in SCRS/2023/115.

The initial model runs had issues with convergence and did not pass diagnostic analyses. Fits to the CPUE
indices were relatively poor and the model could not resolve bimodalities or abrupdiscontinuities in the
length composition data, which affected estimation of selectivity parameters.

The main revisions to the SS model for the North influenced the catch compositions. The& Uength
composition data were replaced with those used in 2015 During the 2023 Blue Shark Data Preparatory
Meeting (Anon., 2023),it was agreed that for fleets for which size composition data were not available,
assumptions on selectivity must be made. In that sensthe Venezuelan length compositiordata were
assumed to berepresentative of the Belize fleet. Similarly, the datafrom Chinese Taipei vere assumed to

with fewer parameters, there would be reduced variance iparameter estimates.

The input CPUE CVs and length composition sample sizes for preliminary models followed the method
described in SCRS/2023/128 and citations therein.The weighting method applied for the finalreference
case model run followed the method described above for SS3 from the South. The average standard
deviation of each log(CPUE) serigs the maximum of the following three quantities: 1) the average value
calculated from those originally reported in the CPUE standardization document®) the root mean square
error (RMSE of the residuals resulting from aLOESSit to the log(CPUE) seriesand 3) the value of 0.2.

Analysts proposed additional changes to try to improve the modekt to the data. These included allowing
greater variability in recruitment, by increasing SgmaR from 0.28 to 0.38, and replacing the fixed value for
natural mortality with agespecific natural mortality calculated from the deterministic life history analyses
(SCRS/2023/115).

Final estimates of instantaneous natural mortality rates (y¥l) used in the North Atlantic Stock Synthesis
model were obtained with 6 life-history invariant methods used in the deterministic life tables
(Pers.Communication Enric Cortés July 2023), as summarized below.
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Age Female Male Average of female

and male
0 0.212 0.239 0.226
1 0.200 0.222 0.211
2 0.193 0.213 0.203
3 0.188 0.208 0.198
4 0.185 0.205 0.195
5 0.182 0.202 0.192
6 0.180 0.201 0.190
7 0.179 0.199 0.189
8 0.177 0.198 0.188
9 0.176 0.197 0.187
10 0.175 0.197 0.186
11 0.175 0.196 0.185
12 0.174 0.196 0.185
13 0.173 0.196 0.185
14 0.173 0.195 0.184
15 0.173 0.195 0.184
16 0.172 0.195 0.184
17 0.172 0.195 0.183
18 0.172 0.195 0.183
19 0.171 0.195 0.183
20 0.171 0.194 0.183
21 0.171 0.194 0.183
22 0.171 0.194 0.183
23 0.171 0.194 0.182
24 0.171 0.194 0.182
25 0.170 0.194 0.182
26 0.170 0.194 0.182

Additionally, the proposal was to use the same agepecific values for both sexes prior to age 5 and then
sex-specific mortality rates for older ages. All changes implemented to the SS model for the North were done
sequentially.

A jitter analysis (10 iterations) was done for each sequential change in the model to help evaluate model
behavior (Figure 5). In general, the jitters converged to the same likelihood as the model and had the same
fit, except case 3 which was removed from consideration. The new base case formulation for SS in the North
incorporated the updated CPUE CVs, the deterministic liféstory parameter values, the agespecific natural
mortality series and higher SigmaR described above. This formulation passed thiegi (30 iterations), so

the Group reviewed model diagnostics.

The Group discussed the likelihood profile plots of log RO (not shown). It was noted that the length data,
particularly from EU-Spain, are the most influential in the fit and thus the scale of abundance in the fitted
model. The likelihood profiles indicatal some conflict among the CPUE indices and the length composition,
where log RO might converge at a lower value if Spanish data were downweighed. However, the Group
decided that the likelihood profiles are not necessarily a diagnostic for model acceptanoerejection, but
rather a diagnostic used to explore how different information interacts in the model.
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Fits to the indices time series for Nrth Atlantic blue shark Stock Synthesis model reference case are shown
in Figure 6. Fits to the aggregated length time series for &ith blue shark Stock Synthesis model reference
caseare shown inFigure 7. The residuals for the majority of CPUE indices were not randomly distributed,
which is a consequence of the conflict between these indices and the information in the length compositions.
However, the joint residuals Figure 8) were centered on zero and there was nogyvasive retrospective
pattern in a 5-year peel. The analysts noted that relative to the base case in SCRS/2023/128, this model is
much more stable The final stock synthesis parameter values are provided iffable 5.

The Group discussed the decreasing trend in recruitment deviations plotted from 100,000 draws obtained
with the Multivariate Log Normal (MVLN) distribution (Figure 9 and Section 4below) relative to the
predicted increase in time series of spawning output (spawning stock fecundity (SSF) see Section 4) since
2010. For a productive species, it may be difficult to detect a response in recruitment following an increase
or decrease in spawningoutput. Future work could explore the tradeoff between selectivity and
recruitment variability in the SS model.

It was noted that the fixed logistic selectivity for Portuguese size data was quite influential in the model fit.
These data are strongly bimodal due to effort being concentrated in areas with notably different size
distributions of blue shark. It was recanmended to split the CPUE index and length composition into two
components for future assessments.

There was discussion about the increase in SigmaR from 0.28 to 0.38. The analysts clarified that the current
fixed value (0.38) is obtained iteratively based on the value estimated in the model and corresponds well to
an International Scientific Committee for Tuna and Tund.ike Species in the North Pacific Ocean (ISC)
assessment for blue shark using 0.4. While the value is smaller than what is being used in this assessment
for the South (0.5), other biological assumptiongre different so it is difficult to determine if they would be
directly comparable.
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Blue shark North Atlantic Stock Synthesis (runs test values)

Index (S1:S8) and fleet(F1-F10) Runs.p Test Sigma3.lo Sigma3.hi Type
1 S1 ESRL-N 0.012 Failed -0.19185 0.191849 CPUE
2 S2_JRL-N 0 Failed -0.53304 0.533039 CPUE
3 S3 CTH.L-N 0.272 Passed -0.71705 0.71705 CPUE
4 S4 _USObsE 0.011 Failed -0.93773 0.937733 CPUE
5 S5 _USObsL 0.358 Passed -0.61067 0.610672 CPUE
6 S6_VENL 0 Failed -1.9459  1.945901 CPUE
7 S7_PORLL-N 0.017 Failed -0.30599 0.305995 CPUE
8 S8 _MOR.L 0.728 Passed -0.85162 0.851624 CPUE
9 F1 _EUESP 0.292 Passed -0.11964 0.119641 LEN
10 F2_JPN 0.042 Failed -0.16278 0.162777 LEN
11 F3_CTP 0.01 Failed -0.1666  0.166595 LEN
12 F4_USA 0.063 Passed -0.09921 0.099213 LEN
13 F5 VEN 0.11 Passed -0.25229 0.252295 LEN
14 F7_CPR NA Excluded NA NA LEN
15 F10_EUPOR 0.552 Passed -0.31647 0.316472 LEN

A retrospective analysisA A1 AupEolfi@@ years of CPUE data starting from the final assessment year
resultedin- T ET 8O0 OET OAlI OAO AOO &t ArOdd  Ady AasypiOEA H  AEKFEAE
AAAADOAAIZAS ®AT £IAA | ¥R ADIOPIIIGD AN QAOBIRE Ic &1lp @ Qafe 1E A
OAOOT OPAAOEOA AT AT UGEO AEA 110 OEI x AT U OECT ENEAAT

Hindcasting crossvalidation with the same range of years deleted from the CPUE series and predicting the

deleted CPUE values-year aneadOA O O1 OAA ET & OO0 100 1 £ OE® ET AEAAO Al
xEOE | AAT AAOT 1 OOA OAAI AA AOOIT O j-!'3%nq OAI OAO 11 xAO

T AACREC G pA® OEI x1 AAI T x | OAA EECEI ECEOEI C EAAI OENE
indicating that a 1-year ahead prediction based on a naive randosvalk was more accurate tha one coming

from the model for those CPUE seri€$8

Blue shark North Atlantic Stock Synthesis (hindcast MASE values)
Index (S1:S8) and fleet (F1F10) MASE N.Eval Type

1 S1_ESRL-N 2.285448 5 CPUE
2 S2_JRL-N 0.731159 5 CPUE
3 S3 CTRL-N 0.8464 5 CPUE
4  S4_USObsE NA 0 CPUE
5 S5_USObsL 0.734588 5 CPUE
6 S6_VEMNL NA 0 CPUE
7 S7_PORL-N 4.896361 5 CPUE
8 S8 _MORL 0.840892 5 CPUE
9 F1_EUESP 1.364499 5 LEN
10 F2_JPN 0.89983 4 LEN
11 F3_CTP 1.089446 2 LEN
12 F4_USA NA 0 LEN
13 F5_VEN NA 0 LEN
14 F7_CPR 2.905658 2 LEN
15 F10_EUPOR 0.81585 4 LEN
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SS3 from théSouth

Document SCR023/120 presented the preliminary version of the stock assessment model using Stock
Synthesis for the blue shark RPrionace glaucd in the South Atlantic, including the initial model setup, fleet
definitions, selectivity, and parameterizations. The document proposed a twsex reference case model
from 1971 to 2021 with eight-fleet running fitted to the length composition and four indces of abundance.
The life-history parameters were sexspecific based on thalata preparatory recommendations. Diagnostics
for the proposed model configurations demonstrated fast and stable convergence, good retrospectives, and
acceptable solutions acrosdifferent starting values. An eightmodel uncertainty grid was proposed
considering two sets of growth parameters, two resulting Matzage vectors, and four steepness values.
Furthermore, a comprehensive set of model diagnostics were presented for the reéace model and
estimates ofspawning stock biomasgSSB and recruitment across the entire uncertainty grid.

After the presentation, the Group raised some concerns about the fits to the length composition and
questioned fixing selectivityD AOAT AOAOOG8 -1 AAT AOO ET AEAA GffeiingG&3A O
freely estimate all selectivity parameters.

(@}
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p

The Groupalso pointed out that running hindcasting diagnostics with a seven or eightear peel could result
in different model prediction skills.

To address the concerns raised by the Group, the modelers proposed to update the initial case by changing
the growth parameters and the M at age vector by sex to one single set of growth parameters and M at age
vector for both males and females combined.r@®wth parameters for the South Atlantic blue shark were
further discussed and the Group agreed to use Jouetal.,(2017) model. This study was based on the larger
sample sizes, more comprehensive size range, and broader geographical coverage, the pararsaised
were Linf = 291.8 cm FL (transformed from TL)k= 0.13 yr1, and $=-1.29. Furthermore, the Group agreed

to use the Mat-age vector from Table 3 in SCRS/2023/115The Groupalso decided to use the median
steepness value of 0.8 provided in SCRS/2023/115.

After presenting the updated model version and searching for improving the fits to the indices, the Group
discussed the proposed time blocks for the BR&UY, JPN, andTBHindices, as well as changing the M at age
parameters based on median M estimated inC3RS/2023/115. The later change was proposed due to an

observation of unrealistic high natural mortality at age 0 (0.9). The new M at age vector was tested on the
model, and no substantial changes were observed.

Modelers proposed a time block for three of the indices of abundance based on model diagnostics. The
Group highlighted the need to determine if there was information that supported using time blocks on
standardized CPUE series. National scientists from Brazil and Uruguay noted that for their fleets, blue shark
catches have become economically important. In thease of Japan index, it was noted that the reporting
ratio for blue shark and sharks in general (SCRS/2023/049) changed substantially from 2006 to Q0.

After the presentations of diagnostics (Runs test, joint residuals plotsjean absolute scaled erro(MASE
estimations, retrospective analysis, and\kaike information criterion (AIC) valueg for two scenarios: with

a time block for BR&UY indices and for JPN indices. The results showed that using a time block for both
indices (BR&UY and JPN) improved the fits of the model to the data.
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The Group agreed on a reference case scenario using the last presented model configuration and-tioek

for BR&UY and JPN indices (BSH_S_ATL R012). The Group inquired if the ChineseTaipei index also indicated
a potential time block, national scientists mdicated no major changes in the fishery has been observed,
however as mentioned during theData Preparatorymeeting the valued of the index for the 2020 year shows

a high peak in the series, attributed to increased catches of small sized sharks. The Gragpeed not to
include a time block for this index.

4EA ' O1 6b ACOAAA Oi OEA OAZEAOAT AA AAOA8 4EA OAAEAOAT A/
OEAZEE@QI EET T A xEOE AE&ZES QAN *GAOORAAETACE ACATICOEA ET AEA
AT T OAOCAA ET A4EAT AA®GEIl &1 ECOABEAT O Al) &d d #hd)OBAT A OEA |
iTAAl EAA A bpi OEOEOA AANET EOEIT EAOOEAT [ AOOE®S

The reference model showed a generally acceptable fit to the indiceFigure 14) and to the length
composition for all fishing fleets Figure 15). The residual patterns of the indices and the length fits were
good overall. Estimated deviations from the stockecruitment curve (i.e., recruitment deviates)indicated
high variability in year-to-year recruitment (Figure 16), with negative deviations in the beginning of the
time series and a random pattern after 1998 until the end of the time series. The joint residuals plot showed
that residuals were randomly distributed for the length fits (RMSE = 8.6%) and showed a pattemwith
negative residuals in the beginning, positive in the middle and negative in the end of the time series for the
fits to the indices (RMSE = 24.9%)Higure 17). All eight length compositons and four out of six indices
OPAOOAAG EIT OFigueBdQ8OBEAR GA&EOD 6j0 OET OADDAOF AspEll ACAA A
within the acceptable range 0f-0.15 and 0.20 (HurtadeFerro et al, 2014; Carvalho et al., 2017)Higure
19). The retrospective analysis did not show any pathological patterns. Regarding the hindcasting, two out
of four indices and four out of eight length compositions have MASE values lower than 1, and three out of
eight presented MASE values near Figure 20).

Model parameters are provided inTable 6. These include estimated values and their associated asymptotic
standard errors, initial parameter values, minimum and maximum values, priors if used, and whether the
parameter was fixed or estimated.

The Group reviewed the likelihood profile for RO. The profile indicated that there were conflicting trends in
OEA 1T AT COE Aii bl OEOETT AT A ETAAg AAOA8 4EAOA AT 1T AEl EAC
use. The plot of the likelihood profe is inFigure 21.

The estimated time series of SSB for the reference case indicated that stock steeply decreased from the late
1980s to the early 2000s, then remained decreasing but slowly until early 2010§igure 22). It presented
a discrete increase until late 2010s and a new decrease until 202Eigure 22).

3.3 JABBANorth

SCRS/2023/124 presented a summary of the preliminary fits of the Bayesian surplus production model

JABBA for the North Atlantic blue shark stock. As agreed in tR823 Blue Shark Data Preparatory Meeting

(Anon., 2023), the assessment period was 1972021. The JABBA runs were conducted witfive different

configurations of a PellaTomlinson biomass dynamic model; thefive configurations corresponded to

different priors on the parameters r and m. Two different dataveighting procedures were applied to the

abundance indices (standardized CPUE series) used to fit the model, one of which was based directly on the

method suggeted by Courtney et al, 2017, whereas the other one included an additional variance

component for each abundancéndex series, estimated within the stock assessment in JABBA. Runs were

AT 1T AOAOAA ET AI OAET ¢ All #05% OAOEAO AAAAPOAA AU OEA ¢
four other scenarios corresponding to the different groupings of CPUEs indicatéy the Data Preparatory

Meeting were also evaluated. In all, this resulted in 5 x 2 x 5 = 50 JABBA runs. The document presented
AAOAETI AA OAOOI OO &£ O OEA OAAT AOEIT O!'11é6h AT A Al O bBC
OAAT AOE§ welbasimosh bf thel other JABBA runs conducted in the document, estimated that the

harvest rate has been belowarget (Hwvsy) in the most recent years and that the stock is currently around

Bwmsy.
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The Group acknowledged and thanked the authors for the comprehensive work done in preparation for the
assessment meeting. The Group commented with regards to the alternative weighting options, and
discussed options with or without the extra parameter in tie JABBA modefor variance associated with
each index. The modelers indicated that the additional parameter will allow the model to improve fitting to
each index if it statistically improves the overall likelihood.

The Group asked about the prior for carrying capacity K. The modelers indicated that with no additional
information, it was decided to use general guidelines with a prior estimated as 8* the maximum historic
catch (1971-2021) (443864t) with a CV of 100%. he posterior of K estimated by the model has a smaller
variance relative to the initial prior, indicating that there is information in the data that allowed the model
to estimate K.

The Group also commented on the overall concept of index weighting, noting that during the data
preparatory meeting, it was recommended to follow theWorking Group on Stock Assessment Methods
(WGSANM to assume a fixed minimum CV for all indices, and if the estimated standardization CPUE CV was
higher than 0.2 to use that value. Modelers indicated that a scenario using input CV was run, and an
alternative scenario using a weighting scheme similar to the stock synthesis internal reweighting was also
run, and an additional scenario allow the model to estimate an additional index variance parameter.
Overall, the preliminary results indicated that major differences in model results are associated with the
CPUE series, more clearly shown when comparing indicesin target vs nontarget fisheries.

The Group inquired about the initial B1971/K prior. The modeler clarified that this prior was chosen
assuming that some fishing exploitation was already ongoing in 1971, but with no additional or auxiliary
information, it was decided to use a Betarior with mean of 0.7 and cv=0.2.

Document SCRS/2023/127 presented a summary of the preliminary fits of the Bayesian surplus production
model JABBA for the South Atlantic blue shark stock. The distinct scenarios were based on a life history
parameters, steepness and model weighting. The estarios based on a more conservative values of
steepness (0.5) had shown more pessimistic than others

The Group acknowledged and thankethe contributors for the comprehensive work done in preparation
for the assessment meeting

3.4 Other methods

3#23F¢ncoTpcec DOAOAT OAA x1 OE Al 1T AOAOAA ET OAOPITOA O
x| OEET C COMODOBGERORAOI TADEA A1 -ORAME ADENHA 001 AE AOOAOGOI
+Akimdp T OEAO 3#23 DPAPAOOh AT A OEA AEOEAOEAO 1 EOAOAODOO
iIT OEA DPOAOAT OAGEL1T ) cEOAT ) AOAOBAOOEIT T Al AAICETEI Ae O
oY -AUAdRAcgq3! - ET c¢mgch A T11TxETC xEEAE OEA AOBOEIT ¢
A O OEAEDOBET AAAOO AO PAOO 1T &£ OAI AAOGEIT h OAEAAOQEITh
1T T 1T 8@ EACAAOA OOOAU EO AAOGAA 111 A Al BA OEAOE =1 "
i AOET AO AOA A1 O Abpblil EAAAT A O ET OACOAOGAA 0OO1 AE AOC
AT OAT A1 Adh AT A AOAI GAQCEITT 1T & OEAASQJEBEH 1 £0TA AR ARLLOIOD,
I AOGAT AAT AT O T &£ o1 Ol AGETT 1 OOAOGOI AT O AOET AT T i U j#!1C
OOAA O1 AAOGAIT P A AAOAh#M@dAO@M%%M@ AOO@@OVAE@ OAAC D
¢mgaods

/ITAA A AAOGA AAOGA EO AAOAT T PAA A OAT OEOCEOEOU ATl Al UOEO
E8B8A8h O1 AOOOT AOGO OOEAI Oh AOA AT 1T OEAAOAA OEAO ET Al OAA
I £ AEI T OET ¢ OEA OBAARBALBGHI OEQI OXESAipAABOAEGRAIOA JAAAADEAT
AOAI ODAOA OEA O1I AOOGOT AGO 1T £ AAOEAA AAOAA || A AAOGA AA
Ol AAROOGAET OU AT AT UGEO OEA ET OAT G&AIl 11 Oo® OO MAKOAGE A0 @F
OEA ET POOO8 7EAOA OEAOA EO 1 AOCA GTAAOOAETOU AAT 6O 11
OO0AA8 ' POIT AI Ai ET xEOE Al Al OADRERNOEOI 6 £60DEAPAEDEKIAA
DOT AAABOAOGAA &£ O OAI AAGEI T h OAEAAOETTH AT A xAECEOET C
I £ AAOGEAAR AT A xEAT AAOGAT T PET ¢ AT 0K M AEOEE AGBBA ' xEXFAGE &
AOGAET AAT A ET OEA 1 AAOGEIBChOGEAE xMO ATTAAIPAIOKGEAT A O AAG/
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The standard set of diagnostics is available in both JABBA and SS3 platforms. These were applied and
reviewed for models under consideration in this assessment. A next step could be to use the blue shark
assessments to further develop tools for model val@ion, the skill of assessments to classify stock status
and perform stock forecasts. These could be implemented in a common framewahkd made available for

the next shark assessment.

4. Stock status results

For all the models, the CVs on the CPUE indices wamveighted, after discussion in the Group. The
weighting method applied for the final runs, for both North and South stocks, used as the average standard
deviation of each log(CPUE) series the maximum of the following three quantities: 1) the average value
calculated from those originally reported in the CPUE standardization document) the RMSE of the
residuals resulting from aLOESSit to the log(CPUE) seriesand 3) the value of 0.2.

4.1 Production models

The sensitivity runs conducted for continuity with the 2015Blue Shark Stock 8sessment were all similar
to the base case in both the North and South Atlanti€herefore, no further analyses wereconducted,and
these models were not incorporated into the joint Kobe plot to assess status or used in the population
projections.

4.2 Stock Synthesis(SS)
North Atlantic blue shark Stock Synthesisiodel estimates

The time series of spawning stocloutput, recruitment, and fishing mortality (measured as instantaneous
fishing mortality rates for all fleets combined) are plotted inFigure s 23, 24, and25, respectively. Spawning
stock size in the stockrecruitment relationship was modelled as spawning stock fecunditSSFK and
calculated as the sum of female numbers at age (reported in 1,000s) multiplied by annual female pup
production at age (male and female pups, assuming a 1:1 ratio of male to female pups) at the beginning of
each calendar year. The estimatl time series of SSF for the reference case indicated that the stock
maintained a relatively stable spawning stock size and then gradually decreased from timeid-1980s to
approximately 2005, followed byan increasethroughout the remainder of the time series Figure 23).

Periods of lower recruitments were estimated for the years 2002 and 2019gure 24), however slightly
lower recruitments in the 1990s combined with increasing landings resulted in the decreasing biomass
trend between 1990 and 2000. Recruitment in years prior to 1990 exactly follows the stock recruitment
relationship.

The estimated total annual fishing mortality for all fleets combinedF) was calculated with SS3 option 4
=true. Ffor range of ages (628) is relative to the fishing mortality obtained by SS3 at equilibrium MSY in
the same units. In general, F steadily increased until 199%igure 25), followed by a decrease until 2007,
after which the estimated fishing mortality increased and therecreased in the terminal years.

An agestructured production model (ASPM) diagnostic was presented to théroup which showed that the
model had internal consistency between the catches and the CPUE series used in the analysis.

The multivariate lognormal (MVLN) approach was used to develop th&obe phase plot for the North
Atlantic blue shark Stock Synthesis modelThe apparent lack of a clear negative correlation between
relative F and relativebiomass B) was discussed as a potential issue that needed to be explored. It v
clear if this was a result of differences betweeMarkov Chain Monte Carlo simulationiCMQ and sampling
the MVLN, an issue in extracting the MVLN, or a problem with the fit of the model.

In response, a sukgroup began investigation of the MVLN approacfor the North Atlantic blue shark Stock
Synthesis model The subgroup noted that the true density of the MVLN distribution may be obscured when
plotting overlapping points. It may beclearer from a greater number of replicates or a contour plot of the
point density. It was also noted that the difference between MVLN and MCMC may not necessarily be a
methodological issue. However, the lack of a negative correlation between F and B in therasted Hessian
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matrix appears uncommon for an assessment modeAn SCRS document summarizing any consensus

understanding or recommendations obtained from the sulC OT 0P8 O OAOEAx 1 £ OEEO ODPAA

be presented during the upcoming SCRS Shark Species meefingh 20-21 September2023, if available.
South Atlanticblue shark Stock Synthesisiodel estimates

The time series of OPAx 1 ET C O OkcAiiiment &0 and fishing mortality (measured as
instantaneous fishing mortality rates for all fleets combined) are plotted in Figures 22, 26, and 27,
respectively. The estimated time series of spawning output for the reference case indicated that the stock
rapidly decreased from the late 1980s to the early 2000s, then continuedecreasing at a slower rate until
the early 2010s (igure 22). It presented a discrete increase until the late 2010s and a new decrease until
the end of the time series in 2021 Kigure 22).

Notably strong recruitments were estimated for the years 2008, 2012, and 2013. The 2012 and 2013
recruitments (Figure 26) have resulted in biomass increase during the 2010sF{gure 28). Lower
recruitments in the late 2010s combined with increasing landings resulted in the decreasing biomass trend
in the modelterminal years.

Fishing mortality was estimated as the sum of the fuksby fleet (apical Fs) divided by msvcalculated in the
same units. In general, F steadily increased from the 1990s until early 2010@saching the series maximum

in 2011 (F=1.33) (Figure 27). After a slight decrease, F increased again in the model terminal years,
reaching a value of 1.16 in 2021Kigure 27).

4.3 JABBAstock status results

North stock
The Group reviewed the updated JABBA fits to the North stock. Treeighting method for the CPUE CVs

resulted in average values of 0.2 for the Spanish, Portuguese, Japanese and Moroccan indices, 0.29 and 0.28
for the two U.S series, and 0.64 and 0.97 for the Chinese Taipei and Venezuela series, respectively. The

interannual variability in the standard deviation of the log(CPUE) series was kept as in the original CPUE
standardization documents, resulting in the annual valuest®wn in Figure 28, which were used as input
for the North stock JABBA assessment. In additiom &xtra term, added to the variance, was estimated as
part of the stock assessment within JABBA for each CPUE series.

The Group agreed that the JABB#eferencecase for the North Atlantic stock be based on the life history
parameter provided in Cores and Taylor (SCRS/2023/115). Lognormal prior distributions approximating
the range of values identified as most likely from that document were derived for r (prior median=0.39 and
CV=0.31) and m (prior median=1.5 and CV=0.31). A legrmal prior distribu tion was also used for K, as
OANOGEOAA ET *!""1 h xEOE OAAZAOI 006 | ARNE)I438644%and A
large CV=1to make itrelatively non-informative. A beta distribution with mean=0.7 and CV=0.2 was used
for the population stability index (PS), where PSIcorresponds to B(1971)/K. Process error stochastic
deviations were allowed around the surplus production dynamic model in all years, with a very small fixed
CV value (0.01) for the period 19711991 and an estimated CV value for the years 1992 and onwaragen
the CPUE series used to fit the model began. The CV on the catch series was fixed to 0.01.

A set of diagnostics following Carvalhet al. (2021) was provided: model convergence, fit to the data, model
consistency (retrospective pattern), and prediction skill through hindcast crossalidation (Kell et al,, 2016;
2021a).

E pel /

The results of the MCMC convergence tests and visual examination of MCMC trace plots showed that this

model has adequate convergence properties. Marginal prior and posterior distributions are provided in
Figure 29 Forr and m, the prior and posterior distributions are very similar, whereas foK the posterior is
much narrower than the prior, indicating that there is information in the input data aboutk. The estimated
process error deviates show some continued periods of years with positive or negative estited values
(Figure 30), with no obvious trend departing from zero when considering the entire time series.

The fit to the eight CPUE indices is provided iRigure 31, together with the residuals and the results of the
runs test for the residuals, which was only passed by three of the eight CPUE indices. Goodcioédi
statistics indicated a high RMSE estimate of 52.8%igure 32). The residuals suggest dataonflicts caused
by different trends in the CPUE indices, particularly in the last years, starting around 201Bi¢ure 31).
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A retrospective analysis deleting up to five years of CPUE data starting from the final assessment year
showed minimal deviations from the full model Eigure 33).4 EA A OOE | ArBddvAlues féllRvithdh O
the acceptable range 0f0.15 and 0.20 (HurtadeFerro et al., 2015; Carvalhoet al., 2017) and were low for
both B/Bwmsyand F/ Fusy, indicating that the retrospective pattern is negligible. Hindcasting crossalidation

with the same range of years deleted from the CPUE series and predicting the deleted CPUE valyesai
ahead resulted in MASE statistic values above 1 for most CPUEies indicating that a tyear ahead
prediction based on a nave randomwalk was more accurate than one coming from the model for those
CPUE serieqFigure 34). However, when posterior predictive intervals were computed for the CPUE
observations also taking into account their associated observation error (CV), after removing the last
5years of the CPUE series, the corresponding posterior predictive intervals encompassed the observed
CPUE values, including those of the last 5 years that had been excluded when fitting the moBijure 35).

The jackknife analyses of CPUE indices, fitting the model excluding one CPUE series at a time, indicated that
the Portuguese ad Japanese CPUE series are the most influential on the model resufigy(re 36).

The Group agreed that although the diagnostics were not particularly good, the results obtained from the
different JABBA formulations discussed at the meeting were consistent and should be informative to include
in the management advice. The results sugdethat the final referencecase model is stable and provides a
reasonably robust fit to the data.

The final annual stock trendsare shown inFigure 37. Biomass shows a declining trend from the 1990s to
the early 2000s, then slowly increases to 2016, and declines slightly thereafter (top left panel). Fishing
mortality was initially low in the 1970s but increased throughout the 1980s and remained at simdlr values
until 2015 and declined afterwards (top right panel).

Summaries of the posterior quantiles for parameters and management quantities of interest are presented
in Table 7. The MSY estimate is 33,822 t (31,08%t36,465 t) and the median marginal posterior value for
Bmsyis 120,012 t (83,682 tz 176,399 t). The lsymedian estimate is 0.28 (0.180.42).

The final model estimated median values of &1/Bwusy = 0.96 (95%CI: 0.711.35) and Foz21/F wsy =0.68
(95%CI: 0.47-0.91), are presented inTable 7.

Sensitivity analyses were also done to explore the impact of incorporating the®Jearly survey and early
Japanese indices and starting the model in 1957, consistent with the 20Blue Shark Stock Asessment.
The analyses showed that the conclusions were not sensitive to the starting year or to the inclusion of the
two additional CPUE indices. The Group agreed to use as tkéerencecase the model starting in 1971 and
the CPUE indices agreed at tH&23 Blue Shark Data Preparatory Meetin¢Anon.,2023).

South stock

The Group agreed that the JABBreferencecase for the South Atlantic stock should be based on the life
history parameters presented byCortés and Taylor (SCRS/2023/115) and use all CPUEs, with tiridocks
on two of them (see section 3.3). A set of diagnostics following Carvalabal. (2021) was provided: model
convergence, fit to the data, model consistency (retrospective pattern), and prediction skill through
hindcast crossvalidation (Kell et al,, 2016; 2021a). In addition, jackknife analyses were also provided.

The results of the MCMC convergence tests and the visual examination of trace plots show that this model

has adequate convergence and a high level of model stability. Marginal posterior distributions along with

prior densities were provided in Figure 38. The posterior to prior median ratio (PPMR) for was close tol,

indicating, as expected, that the posterior is heavily influenced by the prior. The smalbsterior-prior -

variance-ratio (PPVRs) foK indicated that the input data was more informative abouK. Estimated process

error deviates show an increasing trend in the most recent years-{gure 39), which might indicate that the

00T AE6O POl AOAOEOEOU EAO AAAT AAT OA AOAOACA AOOET ¢ OE
estimated credbility intervals for this quantity always contained zero throughout the entire time series.

The estimated CV values in the model are shown Trable 8.

Time series of observed (circle, input data) and predicted (solid line) CPUE of the South Atlantic blue shark
JABBAreferencecase are show in Figure 40.Five of the six CPUE indices passed the runs teBtqure 40,
right panel) with reasonable goodnes=of-fit and high RMSE estimate of 23.2%gure 41). The residual
patterns suggest data conflicts caused by opposite trends in the CPUE indices, particularly in the last seven
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years (2015-2021). More specifically, theEU-Spain longline index shows an increasing trend while the
Japan longline index shows a decreasing pattern in recent yeafFdure 41). Additionally, the high variation
(e.g.higher residuals of thewhole time series) observed in the Chines&aipei index for the last years of the
time series also contributed to this pattern.

A retrospective analysis for eight years shows some deviations from the full model for F, B, and kék
estimates Figure 42q x EOE O hdvalueb &0.20030.22, and 0.23, respectively. The estimated

- T ETridoGor these quantitiesfell outside of the acceptable range 0f0.15 and 0.20 (HurtadeFerro
etal., 2015; Carvalhoet al, 2017). In general, the retrospective patterns are influenced by the conflict
among the indices of abundance, mainly by the strong influence of the Chindsgpei 2020 index value, that

is almost two times higher than all values used in this assessment. The author of the index reminded the
Group that the fleet operated in 2020 in different fishing areas than usual and with a lower observer
coverage due to theCOVID pandemic, and the fleet captured a significant amount of small size blue sharks
resulting in a high CPUE in number (Anon., 2023).

For B/Bwsy,processeOOT Oh AT A - 39h @b A0.100\01,&r0.08] réspectively irddiGated
that the retrospective pattern was negligible for these quantities. Hindcasting crosgalidation results
indicated that Brazil-Uruguay longline index and the Chinesd@aipei index have good prediction skills
(Figure 43). Thejackknife analyses of CPUE indices indicated that all indices are influential to the surplus
production function shape, and trajectories of B/Bisy and F/Fusy especially in the peiod between the
mid-1990s and the late 2000s Figure 44).

The results suggest that the final model was stable and provides a reasonable fit to the data. Summaries of
the posterior quantiles for parameters and management quantities of interest are presentedrable 8. The
MSY estimate was 29,299 t (23,1282 47,758 t) and the median marginal posterior for Bisywas 135,211t
(91,781 t- 225,806 t). The wsymedian estimate was 0.22 (0.18.32).

Overall, the median of the estimated B/Bsvremained above 1.0 for all assessed year§&ifure 45). The
B/Bwmsvtrajectory showed a relatively stable trend for two decades sinc&971 anddeclined from about 2.0
to 1.2 in the following decade from the late 1980s to the mid990s. The estimated biomass remained at
around 1.2 until the mid-2000s before they slightly increased and stabilized at around 1.5 in the 2010s. In
recent years, following the recent high catches, the estimates showeddecreasingtrend but remained
above the BRisvlevel.

The median of the estimated F/msywas under 1.0 in all assessed yeard=igure 46). It showed a slow
increase until the late 1980s, followed by a large increase (0.2 to 0.7) from the late 1980s to the ri@90s,
driven primarily by the increase in the catches. After the peak in the mifl990s, F/Fusyslightly fluctuated
between about 0.6 and 0.8 until the beginning of 2010s. Fishing mortality suddenly decreased from 0.8 to
around 0.5 and 0.6 in the early 2010s but then quickly increased back to the historical highest level.

The final model estimated median values of 821/Bmsy= 1.41 (95%Crl: 0.93- 1.87) and Fo21/F msy= 0.82
(95%Crl: 0.39-1.47), respectively.

4.4 Other methods

Other than those listed below, ihal results of no other assessment methods werg@resented during the
meeting.

4.5 Synthesis of assessment results

The Group had a lengthy discussion on various topics related to how to develop scientific advice for both
stocks, like how to address uncertainties associated with the stock assessment, how to weigh scenarios, etc.
The Group agreed to focus on developingnanternally consistent, bestpossible stock assessment model
and consequently decided not to implement a modedrid approach. The Group felt that a grid approach
may help quantify some of the model uncertainties, however, all tasks related to running arwttural
uncertainty grid could not be accomplished during the meeting. Acknowledging the importance of model
weighting methods and approaches, the Group considered that this is a common feature of all stock
assessments, noting that in general the SCRSaldfs to an equal weighting of accepted models but deferred
further discussions to theWGSAM for future guidelines.
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North stock

The Group reviewed both JABBA and Stock Synthesis results alistussed how to produce scientific advice
and management recommendations for the North Atlantic blue shark stockhe Group compared outputs
between the models Figure 46 and Table 9). The trajectories and estimates of F/ksy were similar
between the models, and the credibility interval of the JABB¥referencecase fully covered the confidence
interval of the Stock Synthesiseferencecase in the entireperiod. The trajectories of B/Basywere similar,

but the estimates by Stock Synthesis were above the ones from JABBA until the 2000s. Thereafter, the trends
and estimates of B/Basybecame more similar with a complete overlap of the uncertainty associated with
these estimates.

The Group noted that conflicts in the indices of abundance affected model performances in both platforms
and that there is still room for improvement in the Stock Synthesis model. The Group agreed that for the
North blue shark stock assessment, the sciefiit advice will be based on the combined results from the
JABBA and Stock Synthesiceference cases with equal weighting. It was agreed also that the stock
projections would be done for each platform assuming constant catch scenarios from 2024 onward and
combined thereafter to produce the Kobe Il strategy matrices.

It was noted that the SCRS agreed to report biomass or spawning stock biomass at the end of the year and
the corresponding fishing mortality that was applied during the entire yearTherefore, in the assessment
results, SSB/SSksyfrom Stock Synthesis gives biomass estimates at the end of the year. However, it was
noted that JABBA producethe estimates of the Bratio at the beginning of the year from the code checking.
The Grouprecommended that modelers (via WGSAM)confirm the output timeframe associatedwith
biomass and the corresponding fishing mortality in both JABBA and Stock Synthesis to assure proper
comparison and combination of results, as this will affect most of the ICCAT assessments for all species.

The joint time series of relative B and relative F and the Kobe phase plot were built with 100,000 iterations
based on the MonteCarlo multivariate lognormal (MVLN) approach for the Stock Synthesieferencecase
and 100,000 MCMC samples from the JABB&ferencecase. Thgoint results (Figure 47) showed that the
trajectory of B/Busywas stable at the historically highest level (around 2.0) until the midl980s followed
by a continuous decrease to the historically lowest level (around 0.7) in the early 2000s responding to the
increase of catches and fishing mortality. The biomass thegradually increased to Ry level in the
mid-2010s and remained at about Bsylevels at the end of the 2021 assessment year. The trajectory of
F/Fusywas similar to the catch history. It showed a rapid increase in the 1980s to the level abovgskand
fluctuated between 1.0 and 1.5 until 2018. The estimates since 2019 were belowskresponding to a
decrease in the catch in recent years. The joint MSY was 32,689 t (geometric mean of both models, with a
95% confidence interval range of 30,4036,465 t).

The combined results indicate that the stock is at MSY level 4B1/Bmsy = 1.00, with 95% confidence
interval: 0.75-1.31) and is not experiencing overfishing (ko21/F msy= 0.70 with a 95% confidence interval:
0.50-0.93). The Kobe phase plot indicates that there is a 49.6% probability that the stock currently falls
within the yellow quadrant of the Kobe plot, a 49.7% probability that the stock falls within the green, and
less than a 1% chance that it is in the red or orange quadrantSigure 48).

South stock

The Group reviewed both JABBA and Stock Synthesieference case results and compared the outputs
between the models for the South Atlantic blue shark stockF{gure 49 and Table 10). The median
trajectories of B/Bmsy showed that the stock has not been below M8y level during the entire period
considered in the present assessment for both models. Both models showed a decreasing trend of\BiB
in the 1990s from the virgin biomass, and the estimates after the 2000s ranged between 1.0 and 1.5.
Although the trajectories were different, the confidence boundsverlapped for most of the years.It was
noted that the magnitude of the estimates before the 2000s largely differed between models (about 2.0 for
JABBA and 3.5 for Stk Synthesis in the 1970s).
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The trajectories of F/Rusywere similar between models, but the magnitude of the estimates was higher in
Stock Synthesis since the mi@000s. Generallythe estimates of F/Rusywere below 1.0 except for some
years with large catches that resulted in differences in predicted stock status in the most recent years
between models. The JABBA estimate for 2021 was belowsk; whereas the Stock Synthesis estimate was
above Fusv. However, the confidence bounds from both models overlapped completely, with much highe
uncertainty indicated by the JABBA results.

The Group considered that both models showed reasonable model fits and diagnostics, therefore the Group
agreed to combine the JABBA and SS3 models when assessing stock status and producing projections. The
joint time series and the Kobe plot were built wih 15,000 iterations based on MonteCarlo multivariate
lognormal (MVLN) approach for the Stock Synthesiseferencecase and 15,000 MCMC samples from the
JABBAreferencecase. The combined resultsRigure 50) showed that the trajectory of B/Busywas stable &

the historically highest level (below 3.0) until the late 1980s followed by a continuous decrease to the
historically lowest level (around 1.3) in the mid-2000s. Since then, the estimates were relatively stable
between 1.3 and 1.5. The trajectory of Firsy was like the catch history, showing a gradual continuous
increase from the late 1980s to the historically highest level in 2011 (1.14). The estimates were belowsk

in the mid-2010s but increased again to the wsylevel in most recent years. The estimated joint MSY was
27,711 t (geometric mean of both models, with 95% confidence interval range of 23,12817,758 t).

The combined results indicate that the stock is not overfished @B1/Bwmsy= 1.29, with 95% confidence
interval: 0.89-1.81) but is undergoing overfishing (Ro21/Fmsy= 1.03 with 95% confidence interval: 0.45
1.55). A joint Kobe phase plotigure 51) shows that there is a 46.5% probability that the stock is currently
in the orange quadrant of the Kobe plot, a 44.7% probability that the stock falls within the green, and 8.02%
probability of being in the red quadrant, with less than 1% chance that isiinthe yellow quadrant.

The Group discussed the different distribution shapes of the iterations in the Kobe plots for JABBA and Stock
Synthesis in both the North and South blue shark stockdrigure 51). It was noted that the surplus
production models (JABBA) estimate fewer modgdarameters andtend to show a much higher correlation
between F and B compared to agstructure models (Stock Synthesis) which estimate a greater number of
parameters. TheGroup questioned if there is no correlation in the stock synthesis results or if the MVLN
approach does not take into consideration the correlation of parameters. The Group agreed that this will be
better investigated by running stochastic MCMC projectionig stock synthesis and comparing them with
equivalent projections from the MVLN approachand thatthis work will be done intersessionally.

5. Projections

The Group agreed to conduct stochastic stock status projectiohased on both the selected JABBA and Stock
Synthesisreference casedor both North and South Atlantic blue shark stocksgiving equal weighting to
each model platform.Due to time constraints, the Group agreed to conduct thecghastic projections after
the meeting due to time constraints.

As the official reported blue shark Task 1 nominal catches for 2022 were not available, the Group suggested
reviewing the official catch reports at theSharksSpecies Group meeting in September 2023 to evaluate if
the catch assumptions for 2022 for both stock projections need further refinemeniThe Secretariat will
coordinate with the Chairin early September2023 to conduct this revision.

North Atlantic blue shark

Projection setting:

- 3A0 cOhTAWAOACA T AAMcAAGAE4AAGECpp i I ET Al AAOAEAOC
OEA ¢mn¢g AT A ¢mngco AoOPAAOAA AAOAES8 4EX®D( EARAOPDBEAO
Al O ¢mgeg 1T &£ ox O POl OEAAA AU 1 AOGEI T Al OAEAT OEOOO

- pp AT 1T OO0AT O AOOOOA AAOAE OAAT AOET O A1 O OEA DPAOEI
Ol 1 1®h xEOEOAEL DAOOAI N AT A ochoyw OEA AOOEI AGAA A

- pnnhnnn EOAOAOEIT O ET AiI OE i1 AAI 08

- &1 O 301 AE B3UDNBRAOROR G@QRp G calpw A£OOOOA AAOAE AEOO
OEAEO AT OOAODPITAET ¢ OAI AAOEOEOUS
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Projection results:

The annual trends of the relative B/Bisyand F/Fusystochastic projections of the current combined stock
status for North Atlantic blue shark stock are presented ifrigure 52. Table 11 shows the percentage of
model projection runs for which the biomass level fell below 20% of &v.Results indicated that future
constant catches at or above 35,000 t would bring the stock to low biomass levels considered to be high risk
and not sustainable in the long termThe Kobell Strategy Matrices Table 12) were estimated and show
the probability that overfishing is not occurring (F<=Husy), that the stock is not overfished (B>=Rsy), and
the joint probability of being in the green quadrant of the Kobe ploti(e.,F<= Fusyand B>= Bisy). Equilibrium
MSY was estimated to be 32,689 t.

The stochastic projections Figure 52) indicated that future (2024 and thereafter) constant catch levels of
32,689 t (MSY) will maintain theNorth Atlantic blue shark stock above the reference \8vand below the
Fusypoint with a 50% or higher probability (i.e.,in the green quadrant of the Kobe plotTable 12c)) by the
end of the projection period (10 years; 2033).There is, however, a transition period in the projections
(2025 7 2029) where, while fishing at the MSY level, the stock will have a lower prability of being in the
green quadrant (46%). This transition period reflects the age structure and recent predicted average
recruitment trends, particularly from the Stock Synthesis model results.

If current catches (average of 2012021) of about 23,500 t are maintained, the stock is expected to remain
in the green quadrant of the Kobe phase plot through the whole projection period with a probability of 50%
or higher. The same holds for catch levelnot exceeding 27,500 t per yearTable 12c¢).

South Atlantic blue shark

Projection settings:

- 3A0 00 hjwOGAOACA 1 ARInchAEGBAE 4IAMEcP@w AO OEA AAOGO AC
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0
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Projection results:

The annual trends of the relative B/Bisyand F/Fusystochastic projections of the current combined stock
status for South Atlantic blue shark stock are presented iRigure 53. Table 13 shows the percentage of
model projection runs for which the biomass level fell below 20% of &v.Results indicated that future
constant catches at or abov80,000 t would bring the stock to low biomass levels and were considered high
risk and not sustainable in the long termThe Kobe 2 Strategy MatricesTable 14) were estimated and
show the probability that overfishing is not occurring (F<=ksy), stock is not overfished (B>=Bsy), and the
joint probability of being in the green quadrant of the Kobe ploti(e.,F<= Fusyand B>= Bisy). Equilibrium
MSY was estimated to be 27,711 t.
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The stochastic projections Figure 53) indicated that a future (2024 and thereafter) constant catch level of
27,711 t (MSY) will maintain the SouthAtlantic blue shark stock above the reference \8yand below the
Fusypoint with a 50% or higher probability (i.e.,in the green quadrant of the Kobe plotTable 14c)) by the
end of the projection period (10 years; 2033).

If current catches (average of 2012021) of about 35,000 t are maintained, the stock is expected to rapidly
decline in biomass. Removals at this level are not sustainable in the long term, with a risk of falling below
20% of the estimated Risyreference level in a few yearsOnly catches at MSY (27,711 t) or less will keep
the stock in the green quadrant of the Kobe plot.

6. Recommendations
6.1 Research and statistics
Recommendations without financiamplications

Considering the need to reduce uncertainty in the stock assessments of pelagic shark species impacted by
ICCAT fisheries and bearing in mindckecommendation by ICCAT to replace Recommendatiorl3 tn
improvement of compliance review of conservation and management measures regarding sharks caught in
association with ICCAT fisherieRec. 1806) and other previous recommendations which made the
submission of shark Task 1 and 2 data mandatory, the Group once again strongly urGexCs to provide the
corresponding statistics, including estimates of discards (dead and alive) from all ICCAT fisheries, including
recreational and artisanal fisheries, and to the extent possible nelfCCAT fisheries capturing these species.
The Group condilers that a basic premise for correctly evaluating the status of any stock is to have a solid
basis to estimate total renovals.

As a result of changes in the data reporting requirements over time, significant gaps in the historical shark
dataremain in the ICCATDB. Therefore, the Group once again reiterates previous recommendations that
national scientists review the SCRS reports cards to identify shark data gaps and submit the missing data to
the Secretariat to comply with ICCAT data reporting requirementsThe Group recommends thahational
scientists from CPCs that in the past have reported shark data as part of a species comm@gplore the
possibility of re-submitting thosedata at the species level.

The Group recommends that CPCs that catch blue sharks in the Mediterranean Sea provide the required
Task 1 nominal catches (including estimates of dead and live discards) and Task 2 size and cafébrt data
including historical time series.In addition, the Group also recommends that CPCs endeavor to increase
their efforts to collect blue shark biological samples in the Mediterranean Sea.

The Group recommends promoting the activities of the SCR® Hoc Working Groupon Coordination of
Tagging Informationand that national scientists further emphasize conventional shark tagging activities.

The Group recommends that the SCRS Working Group on Stock Assessment Metf@&BSAM)review and
recommend the appropriate reporting of biomass and fishing mortality time reference. More specifically, if
the biomass to be considered should be the estimate at the end or the beginning of the year for which the
corresponding fishing mortality is provided. This should be confirmed for the commonly used stock
assessment models (e.g., JABBA, Stock Synthesis).

The Group also recommends that new efforts be made on the possibility of having CITES permits issued
directly to ICCAT for biological sampling and research purposes.

Recognizing the difficulties to collect, introduce from the sea, and share biological samples for CITES listed
species, the Group recommends that the SCRS and the Commission encourage CPCs to explore mechanisms
to facilitate permitting within CPCs for introductions from the sea and to ship samples between CPCs.

The Group recommendshat, if possible, a representative from ICCAT attend th&7th Meeting of theCITES

Standing Committeewhich will be heldfrom 6-10 November 2023to identify some of the difficulties with
permitting that ICCAT isexperiencing.
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The Group recommeng exploring the possibility of usingthe blue shark assessments to further develop
tools for model validation, for evaluating the capability of assessments to estimate stock status, and for
performing stock forecasts. These could be implemented in a common framework and made available for
future stock assessments.

Recommendations witlinancial implications

The Group recommends that the Secretariat acquire and make available to the SGR&cies ®ups high-
performance computer Cloud resources to conduct tasks such as standard diagnostics, MCMC runs,
stochastic projections,and uncertainty grids.

6.2 Management

Management recommendations will be developed at thBharksSpecies Group meeting.

7. Responses to the Commission

During the meeting, the list of responses to th&Commission was reviewed. Most of these responses
correspond to the conservation of shortfin makd.e.,Recommendation by ICCAT on the conservation of the
North Atlantic stock of shortfin mako caught in association with ICCAT fishe(iRec.21-09) (north stock)

and Recommendation by ICCAT on the conservation of $loeith Atlantic stock of shortfin mako caught in
association with ICCAT fisherid®Rec. 2211) (south stock). It was noted that most of the responses could
not be developed before the 31 July 2023, deadline for the data submission of Task 1 and 2 corresponding
to year 2022. The Group agreed to work intersessionally to prepare the responses using the same
methodology appled during the 2022 Sharks Species Group meeting. It was also noted that given the
similarity of these two Recommendations, some of the responses would apply to both.

8. Shark Research and Data Collection Program me (SRDCP)

The activities and conclusions of thelCCAT Workshop on the Shark Research and Data Collection
Programme (SRDCP) that was held from 13 to 15 JuRp23, were presented to the GroupThe main
conclusion of the workshop will be included in an SCRS document that will be prepared before the
September 2023 Species Group Meeting (SCRS/20238). The tasks developed within this project
involved: age and growth, genetics movements and habitat utilization, pestlease mortality, reproduction
studies, improvement of available information for population assessmms, and other activities. The
difficulties faced by the progranme, and possible ways to overcome those, were discussed. Future steps for
the second phase of the programe were also discussed, including the new elasmobranch species that were
recently included as part of the ICCAT Convention, advances in available information on pelagic sharks not
included in the SRDCP, activities to be continued, and new activities to belirded.

In order to establish the outline of the next phase of the SRDCP, and continuing what was previously done
in 2013, the Group agreed to develop data gap analysis to guide research and data collection in the coming
years prior to the SCRS plenary meeting in 2023. This will include all the highly migratory elasmobranch
speciesthat are now under the ICCAT Convention.

Considering that 92% of shark species in the ICCAT Convention are currently listed undefTES, other
discussions focused on the need for greater flexibility and more efficient mechanisms for the collection and
sharing of samples from CITES8sted species This aspect was considered crucial by the workshop
participants, as many of the tasks under the SRCDP require the collection and sharing of biological samples,
and therefore the success of many of the SRD@Rks depends on the ability to collect the samples from
those pelagic shark species currentlyisted in Appendix Il of CITES Consequently, the advice that the
SharksSpecies Grouand the SCRS can provide to the Commission depends on continuing those studies.

During the workshop, it was also felt necessary to promote the activities of the ICCAH Hoc Working

Group on Coordination of Tagging InformationThe Group recommended that scientists further emphasize
conventional shark tagging activities.
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After the presentation on the SRDCP workshop, most of the discussions centered on the consequences of

CITES listing of shark species and the corresponding difficulties with importing samples from international

waters, and then sharing samples among sciests in different countries. It was again noted that many of

those difficulties can be resolved by CITES nationalithorities, but the reality is that in practice this has not

EADPAT AA8 4EA x1 OEOETI P60 AEOAOQOOOEI T Apydd posshigwi DI A0 |
conduct sampling.

It was also noted that in the past, the SharkSpecies Groupwith the support of the Secretariat, the SCRS,

and theChairof Panel 4 contacted CITES to discuss the possibility of having special sampling permits issued

directly to ICCAT, as well as other tRFMOs that are developing biological research on those species. This

xI Ol A AA 11001 U £ O Oil OETl CEOEA AOi bi ABAEODAHANL T &S DER
from international waters to national countries. It was noted thatthe CITES Standing Committee will meet

in November 2023, and that theywill discuss several aspects related to permits, including scientific

sampling and introductions from the sea. Ideally, some CPCs that are aRarties to CITES could send a

proposal requesting that the CITES Standing Committee opem discussion on those points; such

documentation needs to be sent to CITES by September.

9. Other matters

SCRS/2023/123 provides an exploratory analysis of the catches of blue shark by the Spanish longline fleet
operating in the waters of thewestern Mediterranean. The authors use logbook data to provide basic
information about blue shark catches, fishing effort, and the different gear types used by the fleet, which
vary in the fishing depth, number of hooks used, seasonality and fishing areasp&nding on the target
species. Observer data show that catches and nominal CPUE of blue shark (estimated as number of
individuals caught per thousand hooks) change across gear types with the highest values occurring in the
surface longline gears and the smallest in bottom andemi-pelagic longlines targeting swordfish. In
addition, there are spatial differences in the observed nominal CPUEs which showed that tBeutheast
coast of Spain is a potential area of high blue shark nominal CPUE values. Moreover, the largest blue shark
individuals were caught in the semipelagic and bottom longline fleets targeting swordfish. Fuher analyses

can be conducted on the spatidemporal trends in CPUEs as well as the estimation of annual indices of
abundance and/or total catches.

The Group discussed the differences between each type of longline gear. They have different target species
(i.e.,albacore, bluefin tuna, little tunnyor swordfish), fishing depth, areas and seasons, as well as different
configurations (number and size of hooks, nylon thickness or whether or not the nylon is braided), among
others. All these factors can potentially influence the catchability of blue shark.

The Group also noted that while nominal CPUEs were different among the different longline gear types,
these differences did not seem to be substantidlowever, no formal statistical analyses were conducted to
test if the differences were significant.

The Group noted that results for the surface longline targetingluefin tuna should be interpreted with
caution as very few trips and sets were monitored by the observers in this fleet.

The Group asked if blue shark is considered a commercial or a bycatch species. The blue shark in the Spanish
longline Mediterranean fishery is a bycatch species, and although it is sold in the local market, fishdo

not retain and land them in large numbers due to the problem of preserving the meat onboard until the
vessels return to port. Blue shark meat requires a special refrigeration process and equipment that vessels
operating in the Mediterranean, which aregenerally smaller than the Spanish vessels opaing in the
Atlantic, do not have. For this reason, blue sharks are usually discarded, except for those caught in the last
few hauls before returning to homebase port.

The Group asked about catches of blue shark in other gears like purse seine in the Spanish Mediterranean.
Currently there is no information available about catches in other gears, but this is something that can be
explored in the future. The Group agreed that it would be very useful to update catch information from other
fisheries and all CPCs in the Mediterranean Sea.
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The Spanish scientists have conducted biological sampling of blue shark in previous projects, but sampling
activities are not currently being conducted. Nevertheless, biological sampling can be conducted again if
necessary. The Group agreed that it wouldebvery useful to update life history information in the
Mediterranean Sea.

The Group encourages CPCs to submit their blue shark data from the Mediterranean. The Group
recommends the submission of all biological and fishery statistical data concerning blue sharks from the
Mediterranean Sea, including different fishing fleets, angears.

Due to the current data limitations that preclude conducting stock assessments for the blue shark
Mediterranean stock, the Group discussed the potential use of alternative methodologies such as Ecological
Risk Assessmen{ERA), Productivity and Susceptibility Analysis (PSA) or Sustainability Assessment for
Fishing Effect (SAFE).

Given the time constraints it was agreed that sections4 and 5 of this report would be adopted by
correspondence according to the following schedulel) Initial draft to be sendto meeting participants via
email on9 August 2023; 2) then participants will have a perioduntil 16 August 2023to review and send
comments to theChair.

The Group also agreed to prepare in advance draft documents for the Sharks Species Group meeting in
September, including the updates for the BlueShark Executive Summary, Responses to the Commission,
andthe Shark Workplan.

10. Adoption of the report and closure

The Group could not finish sectior 4 and 5 at the meeting. These wer® be adopted by correspondence

after the meeting.The Chairthanked all participants for their hard work during the meeting. The meeting
was adjourned.
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Yr

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

4AAT A0pBAOU

EU
Portugal

0

O OO OO O OO O o o o o

29.14
62.43
1864.71
4095.71
2547.33
1215.39
1387
2257
1583
5726
4669
4722
4843
2630
2440.4
2226.59
2081
2109.9
2264.6
5642.8
2024.65
4027.02
4337.88
5283.26
6166.77
6251.56
8261.08
6509.13
3767.78
3694.38
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EUSpain
13817
14085.2
13361
15954.1
12041.5
15596.1
11721
13773.1
15030.1
10747.1
15858.4
16703.3
18955.1
29552.3
26285
30930.1
40424.3
46343.1
39958.1
23708.5
23875
27080
26434.8
26605.4
25086.2
28919.7
22971.8
24497.4
22504.3
21811.3
24111.9
17361.7
15665.9
15974.5
17313.9
15006.1
15463.6
17038.5
20787.8
24465.5
26094.3
27988.2
28665.8
28562

I £ O1 OAI
Chinese

Japan Tai Pei
2501 760
1257.87  737.79
1674.82 932.29
653.64  901.07
3421.98 740.45
4380.45 658.98
1130.01  800.47
3295.02 742.17
3368.29 734.21
924 701.74
4902.49 648.92
6342.45 404
5331.14 880
3460.67 919
2455.01 970
3650.34 868
2928.4 1175
2975.08 440
2388.19 248
4532.7 165
3599.22 1174
3579.6 2675
4509.07 2025
5942.43 1428
2526.12 2684
2813.01 1569
4179.26 2004
4191.43 1479
3460.87 893
3149.59 1177
2838.4 1157
2723.72 906
1890.03 1108
3097.72 1449
3194.83 1378
3530.98 857
2824.18 364
2270.99 292
3186.59  109.57
2942.14 72.94
2755.04 98.51
2147.89 148.3
2256.35 115.12
1353.72 135.02

Venezuela Canada

AAOAEAO
United
States
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
204.27 0
155.62 0
605.27 0
106.97 0
340.98 0
1112.34 10.61
1400.47 14.78
776.09 8.19
750.52 8.62
828.68 9.16
1080.14 7.14
399.2 23.94
1816.37 22.83
601.09 18.3
641.04 15.62
986.75 5.51
391.12 27.34
446.96 7.31
316.77 47.4
428.52 43.34
145.24 47.11
67.87 29.04
0 39.55
71.57 9.95
67.9 27.73
46.98 11.63
54.32 19.25
137.32 8.14
107.11 72.77
176.11 75.04
271.31 117.8
162.27 98.39
263.77 51.61
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0

0

0

0

152
15.92
11.37
85.67
1754.4
2251.76
1360.15
410.93
410.93
727.84
352.55
416.99
320
147
968
978
680
774
1277
1702
1260
1494
528
831
612
547
624
1162
836
346
965
1134
977
843

O O O O o o

People's
Republic
of China

O OO OO O O0OO0O 0000000 O0OO0oODOoOOouoOoooo

5N
DN

68
65.6
23.2
73.2

128
136
300
168
240
192
232
256
367
109
88
52.84
108.83
97.62

Belize

O O O OO O OO0 000000000000 O0ODO0ODO0OD0OO0ODO0ODO0ODO0ODOOLOOOOOOOoOOoOOoOOoo

113.82
460.53
1039.17
902.52

i £ Al A OEAOE & O OEA

Other

A O O O O O O o o

© oUW R P b b
P 4O O~ ©0wmONN

81
132.6
188
277
322
351.34
282.82
282
214.5
166.3
481.88
446.8
289.37
712.72
70.96
115.65
126.72
358.03
1108.46
873.77
2020.99
198.29
676.35
538.96

326.72 1216.15 1144.52
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2014 3059.53 29041.1 3286.88 83.14 165.79 115.68 0.64 177.72  391.86 1810.85
2015 3859.15 30078.3 4011.13 238.07 114.15 130.42 5.54 1.24 4.28 1748.49
2016 7819.01 29018.7 4217.09 286.56 74.05 117.47 16.03 27.28 5.74 2503.53
2017 5664.25 27316.5 4443.85 75.63 66.68 107.68 32.01 2.44 201.09 2094.35
2018 5194.57 21684.7 4111.12 153.1 30.14 112.44 70.91 5.69 316.6 2299.44
2019 4507.33 16314.2 3855.22 38.49 36.27 55.96 3.91 17.93 368.9 2014.08
2020 3836.28 12324.9 2289.79 73.6 32.17 59.01 193.31 65.44  300.68 1972.23
2021 4299.98 13124.6 1985.26 53.37 34.45 10.97 173.18 221 349.43  1814.7

4AAT AO0kBAOU 1T £ O OA1 AAOAEAO T & Al OA OEAOE &I O OEA Oi

1999  7,173.37 2,668.18 8,390.00 3,133.50 1181
2000 6,950.70 1,682.50 9,064.00 2,950.82 80.52
2001  7,742.58 2,173.40 6,061.00 1,666.67 66.32
2002 5,368.08 1,970.50 8,445.00 1,446.59 84.7
2003 6,626.11 2,165.76 7,228.00 5,469.22 480.01
2004 7,366.30 1,667.36 6,005.00 2,680.30 462.45
2005 6,410.13 2,523.27 5,045.00 1,660.23 375.8
25

1,110.00  408.07
2,134.40 226.19
2,562.40 536.14
2,323.50 2,527.93
1,840.80 2,909.57
1,863.17 2,358.09
3,184.26 7,394.39

Chinese

Year EU-Spain Brazil Taipei Japan Uruguay Namibia Portugal Others
1971 0 87.04 3,5612.92 1,132.36 0 0 0 0
1972 0 68.39 4,439.01 759.7 0 0 0 0
1973 0 90.99 4,290.35 2,478.94 0 0 0 0
1974 0 262.81 3,5625.59  666.01 0 0 0 0
1975 0 290.5 3,137.68  643.09 0 0 0 0
1976 0 206.29 3,811.35  488.87 0 0 0 0
1977 0 217.03 3,5633.80 5,764.68 0 0 0 0
1978 0 207.42 3,495.90 6,800.44 0 0 0 0
1979 0 293.89 3,341.26 7,627.67 0 0 0 0
1980 0 892.41 3,089.75 8,655.38 0 0 0 0
1981 0 369.62 3,048.00 4,441.91 64.45 0 0 0
1982 0 575.35 3,187.00 9,579.35 233.9 0 0 0
1983 0 441.4 2,235.00 2,813.28 460.01 0 0 0
1984 0 263.94 1,438.00 7,601.39 655.49 0 0 0
1985 0 317.63 1,666.00 6,155.67 361.54 0 0 0
1986 0 425.01 3,733.00 7,716.97 128.04 0 0 0
1987 0 535.22 4,260.00 4,706.75 84.62 0 0 0
1988 5,194.88 656.73 3,992.00 7,016.24 68.09 0 0 0
1989 9,135.08 660.12 5,338.00 6,806.85 56.84 0 0 0
1990 7,291.51  958.53 8,798.00 8,058.33 78.57 0 0 0
1991 6,811.40 741.51 7,066.00 6,559.97 40.45 0 0 0
1992 6,682.50 1,47454  10,217.00 4,748.23 106.86 0 0 0
1993  8,247.00 1,137.69 5,792.00 7,833.96 84.08 0 0 33
1994 9,385.78  887.89 8,636.00 7,658.81 83.76 0 0 69
1995 13,350.80 1,113.39 7,784.00 5,555.57 56.65 0 847 102
1996 11,378.30 1,069.31  11,628.00 4,851.81 258.63 0 867 105.06
1997 5,272.42 2,317.21 9,558.00 4,396.52 180.29 0 1,335.90 45.48
1998 5,573.94 2,172.53 8,771.00 3,720.34 247.84 0 876 140.03

0

0

0

0

0

0

0
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2006  8,724.38 2,591.33 2,433.00 3,281.84 231.72
2007  8,941.76 2,645.28 2,177.00 3,653.30 337.48
2008  9,615.25 2,012.58 1,842.56 5,521.34 358.88
2009 13,098.70 1,273.50 1,356.25 3,768.00 941.81
2010 13,953.40 1,500.50 1,625.49 5,335.59 207.93
2011 16,978.10 1,979.53 2,141.55 4,242.17 724.56
2012 14,348.00 1,607.26 2,146.88 4,447.36 432.75
2013 10,473.50 1,008.13 2,286.73 3,509.40 129.87
2014 11,446.70 2,551.41 2,239.94 3,232.00
2015 10,133.30 2,420.47 1,853.53 2,277.42
2016 10,107.30 1,334.30 1,991.79 2,127.30
2017 11,487.60 2,176.72 2,053.32 3,111.65
2018 13,515.40 3,010.73 1,372.27 3,495.36
2019 18,496.70 3,784.27 861.45 2,513.27
2020 14,717.00 3,434.90 1,337.92 2,116.49
2021 16,777.90 4,629.16 1,051.77 1,639.42

2,751.23 4,432.54
4,493.50 4,323.24
4,866.39 2,624.43
5,358.23  625.08
6,338.02 3,012.83
7,642.33 3,976.72
2,424.06 2,328.20
1,646.17 1,745.33
2,470.60 1,622.30 2,689.85
2,136.60 2,420.14 1,257.04
2,774.90 5,609.21 1,471.88
1,356.61 6,662.68 1,706.31
3,290.43 8,015.30 1,814.49
2,473.98 6,753.01 2,525.29
4,120.02 7,349.51 797.58
3,237.30 5,523.80 901.87

O O O O ©O O o o

O O O O o o o o
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4AAT AOABI AAT A #AOAE O0AO 5TEO %AAI OO0 ET AEAAO Ai O
Venezuela LL Spain BB Portugal LL US pelagic LL Japan LL Chinese-Taipei LL Morocco LL
VEN-LL SPN-LL POR-LL US-LL JPN-LL CTP-LL MOR-LL
SCRS Doc No. SCRS/2015/022  SCRS/2023/040  SCRS/2023/045 SCRS/2023/046 SCRS/2023/050 SCRS/2023/059  SCRS/2023/058
Age range
Catch Units Number
Effort Units 1000 hooks

Std. Methods

Delta log-normal

Year

‘enLL.CPlVenLL.C\BPLL.CPL SPLL.CWOR.CPL POR.CV US.CPUE US.CV JPN.CPU JPN.CVCTP.CPL CTP.CWOR.CPL MOR.CV

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

0.05
0.07
0.02
0.15
0.22
0.12
0.15
0.13
0.07
0.04
0.03
0.01
0.01
0.06
0.09
0.05
0.04
0.04
0.11
0.04

1.08
0.87
1.90
0.69
0.67
0.84
0.74
0.77
1.03
1.26
153
3.88
224
135
1.16
1.56
154
151
1.00
184

186.37
180.36
212.08
285.83
259.30
222.91
258.79
233.39
223.52
221.88
250.51
289.60
274.86
269.23
279.63
275.01
288.31
272.34
281.97
257.40
244.98
241.42
239.11
260.78
263.46

0.0226
0.0227
0.0248
0.0240
0.0236
0.0240
0.0273
0.0278
0.0293
0.0324
0.0335
0.0336
0.0320
0.0313
0.0315
0.0309
0.0319
0.0300
0.0283
0.0279
0.0289
0.0315
0.0312
0.0202
0.0282

160.89
163.87
141.54
189.44
215.57
191.07
229.91
262.03
217.76
213.06
235.13
223.60
233.14
274.04
244.96
310.08
309.59
288.26
383.11
373.44
344.19
330.21
340.89
373.14
345.71

0.08
0.07
0.07
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.07
0.08
0.08
0.07
0.08
0.08
0.08
0.08
0.08
0.07
0.08

6.109
9.362
8.27
8.215
6.03
12.443
14.726
6.711
9.441
4.877
5.813
3.897
8.941
3.584
3.914
6.665
6.844
6.383
7.451
13.683
7.184
6.864
6.487
6.467
8.442
6.909
4.027
3.664
3.505
3.616
4.25

0.27
0.248
0.247
0.252
0.446
0.284
0.293
0.278
0.267
0.324
0.318
0.293
0.285
0.293
0.292
0.312
0.294
0.294
0.286
0.271
0.279
0.278
0.275
0.298
0.274
0.276
0.342
0.306
0.307
0.317

0.33

1.03
117
1.01
1.06
0.93
0.64
0.71
0.74
0.53
0.77
0.53
0.69
0.87
1.02
1.49
1.24
1.44
1.15
1.63
1.26
1.36
1.37
117
113
0.74
0.91
0.64
0.77

0.12
0.11
0.11
0.12
0.11
0.12
0.14
0.11
0.11
0.10
0.09
0.07
0.08
0.09
0.08
0.11
0.16
0.18
0.20
0.23
0.22
0.18
0.20
0.21
0.21
0.21
0.21
0.21

0.55
0.46
0.52
0.89
0.77
0.68
0.95
0.88
0.07
1.66
0.93
0.81
0.71
0.67
0.24

0.07
0.07
0.07
0.04
0.06
0.06
0.06
0.08
0.18
0.03
0.06
0.06
0.06
0.06
0.09

27

94
233
248
165
261
304
385
333
267
383
262
340
270

0.11
0.08
0.04
0.04
0.08
0.06
0.05
0.03
0.09
0.05
0.06
0.05
0.07
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4AAT AOABI AAT A #AOAE 0AO 51 EO waELA 00 ET AEAAO &£ O OEA O

Spain BB Japan LL Chinese-Taipei LL  Brazil-Uruguay LL
SPN-LL JPN-LL CTP-LL BRA_URY-LL

SCRS Doc No. SCRS/2023/041  SCRS/2023/049 SCRS/2023/059 SCRS/2023/057

Age range

Catch Units

Effort Units

Std. Methods

Year SP.CPUE SP.CV JPN.CPU JPN.CV CTP.CPUECTP.CVBRZ.CPU BRZ.CV
1990
1991
1992 1.13 0.147
1993 0.75 0.147
1994 111 0.14 0.48 0.101
1995 0.46 0.16 0.94 0.093
1996 0.72 0.19 0.55 0.072
1997 310.498 0.0254 0.75 0.17 0.57 0.051
1998 324.441 0.0282 0.63 0.16 0.8 0.041
1999 339.351 0.0283 0.71 0.16 0.61 0.044
2000 438.835 0.0301 0.48 0.19 0.67 0.042
2001 403.786 0.0254 0.46 0.21 0.7 0.041
2002 379.787 0.0263 0.53 0.23 0.63 0.035
2003 346.252 0.0286 0.7 0.18 0.66 0.041
2004 358.338 0.0313 0.6 0.18 0.58 0.035
2005 408.236 0.0361 0.59 0.19 0.67 0.036
2006 402.998 0.0352 0.94 0.17 0.48 0.038
2007 401.32 0.0372 0.91 0.16 0.85 0.06 0.68 0.039
2008 391.849 0.0319 1.34 0.13 1.13 0.06 0.86 0.039
2009 440.309 0.0306 121 0.11 0.88 0.06 0.91 0.033
2010 429.144 0.032 1.66 0.11 1.36 0.05 0.82 0.049
2011 412.368 0.0311 17 0.12 0.87 0.06 1.14 0.042
2012 443.843 0.0348 1.32 0.12 1.38 0.06 1.58 0.036
2013 445452 0.0364 142 0.14 143 0.06 1.14 0.051
2014 471983 0.0372 152 0.16 1.67 0.06 0.93 0.042
2015 481.62 0.0382 117 0.14 1.10 0.07 1.19 0.044
2016 562.566 0.042 1.22 0.16 1.70 0.05 0.88 0.049
2017 533.862 0.0403 1.22 0.16 0.93 0.06 1.02 0.102
2018 477.055 0.0363 1.23 0.14 1.16 0.05 1.24 0.042
2019 506.571 0.0309 1.23 0.17 0.72 0.06 1.28 0.055
2020 424.626 0.0206 1.08 0.17 2.35 0.05 0.72 0.072
2021 483.047 0.028 1.08 0.2 0.60 0.06 1.49 0.044
2022 0.96 0.04 1 0.046
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4AAl AEOG T &£ i1 AAl DPAOAT AGAOO &£ O 11 00E OO01T AE Al OA OE.
51T ET £ Oi AOGEOA DPOEI OO0 xAOA OOGAA ET OEEO i1 AAT h PAOAI A«
OAl OAh AT A DPAOATI AOGAOO AIOHEA AGRA A RIAIOx OEREHD Al Od & Ox A &A
IT 1TOAOATT 11TAA1T OAOOI O0Os
Label Value Phase Min Max Parm_StDev Pr_type
SR_LN(RO) 8.02 1 2.3 13.82 0.02 SRR
SR_regime_BLKladd_ 1970 -0.11 1 -5 5 0.07 SRR
InitF_seas_1_flt 1F1_EESP 0.05 1 0 0.2 0.01 |InitF
InitF_seas_1_flt 2F2_JPN 0.01 1 0 0.2 0.00 InitF
InitF_seas_1_flt 3F3_CTP* 0.00 1 0 0.2 0.00 InitF
Size_DbIN_peak F1 HEP(1) 93.09 2 35 370 3.31 Sel
Size_DbIN_top_logit F1_EESP(1) -2.60 3 -6 4 1.26 Sel
Size_DbIN_ascend_se_ F1-ESP(1) 4.48 3 -1 9 0.48 Sel
Size_DbIN_descend_se F1-ESP(1) 4.99 3 -1 9 24.12 Sel
Size_DDbIN_start_logit_ F1_EESP(1) -15.00 -2 -15 9 _ Sel
Size_DDbIN_end_logit_ F1_H$P(1) 6.99 2 -15 9 5.74 Sel
SzSel_Fem_Peak F1-EBP(1) 10.87 4 -100 100 4,92 Sel
SzSel_Fem_Ascend_F1-ESP(1) 1.00 4 -15 15 0.60 Sel
SzSel_Fem_Descend_F1-E8P(1) 4.63 4 -15 15 24.14 Sel
SzSel_Fem_Final_F1_H3P(1)* -14.45 4 -15 15 14.17 Sel
SzSel Fem_Scale F1-ESP(1) 0.82 5 0 1 0.08 Sel
Size_DDbIN_peak_F2_JPN(2) 171.51 2 35 370 11.30 Sel
Size_DbIN_top_logit F2_JPN(2) 4.00 -3 -6 4 Sel
Size_DbIN_ascend_se F2_JPN(2) 7.52 3 -1 9 0.36 Sel
Size_DbIN_descend_se_F2_JPN(2) -1.00 -3 -1 9 Sel
Size_DbIN_start_logit_F2_JPN(2) -15.00 -2 -15 9 _ Sel
Size_DbIN_end_logit_F2_JPN(2) 9.00 -2 -15 9 _ Sel
SzSel Male_Peak F2 JPN(2) 52.16 4 -100 100 23.52 Sel
SzSel_Male_Ascend_F2_JPN(2) 1.02 4 -15 15 0.51 Sel
SzSel_Male_Descend_F2_JPN(2) 0.00 -4 -15 15 Sel
SzSel_Male_Final_F2_JPN(2) 0.00 -4 -15 15 _ Sel
SzSel_Male_Scale_F2_JPN(2) 0.85 5 0 1 0.22 Sel
Size_DbIN_peak F3 CTP(3) 183.46 2 35 370 6.69 Sel
Size_DbIN_top_logit_ F3_CTP(3) 4.00 -3 -6 4 Sel
Size_DbIN_ascend_se_F3 CTP(3) 5.06 3 -1 9 0.87 Sel
Size_DbIN_descend_se F3_CTP(3) -1.00 -3 -1 9 Sel
Size_DbIN_start_logit F3_CTP(3) -15.00 -2 -15 9 Sel
Size_DbIN_end_logit F3_CTP(3) 9.00 -2 -15 9 _ Sel
SzSel_Male_Peak F3_CTP(3) 19.58 4 -100 100 14.08 Sel
SzSel_Male_Ascend_F3 CTP(3) 1.40 4 -15 15 1.12 Sel
SzSel_Male_Descend F3_CTP(3) 0.00 -4 -15 15 Sel
SzSel _Male_Final F3_CTP(3) 0.00 -4 -15 15 Sel
SzSel_Male_Scale_F3 CTP(3)* 0.96 5 0 1 0.26 Sel
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4AAT AT LBET ODAAS

Label Value Phase Min Max Parm_StDev Pr_type
Size_DbIN_peak_F4_USA(4) 121.95 2 35 370 7.06 Sel
Size_DbIN_top_logit_F4_USA(4) -5.38 3 -6 4 2.20 Sel
Size_DbIN_ascend_se F4 USA(4) 6.98 3 -1 9 0.36 Sel
Size_DbIN_descend_se F4 USA(4) 7.39 3 -1 9 0.84 Sel
Size_DbIN_start_logit F4_USA(4) -15.00 -2 -15 9 Sel
Size_DbIN_end_logit_F4_USA(4) -1.96 2 -15 9 0.98 Sel
Size_DbIN_peak_F5_VEN(5) 214.52 2 35 370 28.61 Sel
Size_DbIN_top_logit_F5_VEN(5) 4.00 -3 -6 4 Sel
Size_DbIN_ascend_se F5 VEN(5) 7.93 3 -1 9 0.74 Sel
Size_DbIN_descend_se F5_VEN(5) -1.00 -3 -1 9 _ Sel
Size_DbIN_start_logit F5_VEN(5) -15.00 -2 -15 9 Sel
Size_DbIN_end_logit F5_VEN(5) 9.00 -2 -15 9 Sel
SzSel_Male_Peak F5_VEN(5) 46.02 4 -100 100 86.91 Sel
SzSel Male_Ascend_ F5 VEN(5) 0.82 4 -15 15 1.36 Sel
SzSel _Male_Descend_F5 VEN(5) 0.00 -4 -15 15 Sel
SzSel Male_Final F5 VEN(5) 0.00 -4 -15 15 Sel
SzSel _Male_Scale_F5 VEN(5)* 0.94 5 0 1 0.90 Sel
SizeSel_P1_F6_CAN(6) 1.00 -99 0 10 _ Sel
SizeSel_P2_F6_CAN(6) 36.00 -99 10 100 _ Sel
Size_DbIN_peak F7_CPR(7) 133.66 2 35 370 28.86 Sel
Size_DbIN_top_logit F7_CPR(7) -0.73 3 -6 4 0.71 Sel
Size_DbIN_ascend_se_F7_CPR(7) 6.43 3 -1 9 1.75 Sel
Size_DbIN_descend_se F7_CPR(7) 5.33 3 -1 9 3.83 Sel
Size_DbIN_start_logit F7_CPR(7) -15.00 -2 -15 9 Sel
Size_DbIN_end_logit F7_CPR(7) -4.69 2 -15 9 15.85 Sel
SzSel_Male_Peak_F7_CPR(7) -11.00 4 -100 100 40.81 Sel
SzSel_Male_Ascend_F7_CPR(7) -0.23 4 -15 15 2.82 Sel
SzSel Male _Descend F7_CPR(7) 2.25 4 -15 15 3.73 Sel
SzSel_Male_Final_F7_CPR(7) -3.15 4 -15 15 151.91 Sel
SzSel_Male_Scale F7_CPR(7) 0.86 5 0 1 0.40 Sel
SizeSel_P1_F8 BEL(8) 1.00 -99 0 10 _ Sel
SizeSel_P2_F8 BEL(8) 36.00 -99 10 100 _ Sel
SizeSel_P1_F9_OTH(9) 1.00 -99 0 10 _ Sel
SizeSel_P2_F9_OTH(9) 36.00 -99 10 100 Sel
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Label Value Phase Min Max Parm_StDev Pr_type
Size_DbIN_peak_F10_HROR(10) 222.39 2 35 370 27.84 Sel
Size_DbIN_top_logit_F10_EROR(10) 4.00 -3 -6 4 Sel
Size_DbIN_ascend_se_ F10-FOR(10) 8.60 3 -1 9 0.47 Sel
Size_DDbIN_descend_se_F10-FOR(10) -1.00 -3 -1 9 _ Sel
Size_DbIN_start logit F10_EROR(10) -15.00 -2 -15 9 _ Sel
Size_DbIN_end_logit_ F10_HOR(10) 9.00 -2 -15 9 _ Sel
SzSel_Fem_Peak F10-EOR(10) 2.83 4 -100 100 34.35 Sel
SzSel_Fem_Ascend_F10-POR(10) 0.10 4 -15 15 0.61 Sel
SzSel_Fem_Descend F10-FOR(10) 0.00 -4 -15 15 Sel
SzSel_Fem_Final_F10 POR(10) 0.00 -4 -15 15 _ Sel
SzSel_Fem_Scale_F10-FOR(10) 0.71 5 0 1 0.27 Sel
4AAT AE®@6 T &£ i1 AAl DPAOAI AGAOO &£ O OiI OOE 0OO1 AE Al OA OE.

%OOEI AOAA OAI OAO j OA1l OAq AT A OEAEO AOOI AEAOGAA AOUI PO

ET EOEAI DAOAI ACGAO OAI OAO j )1 go@mqi OIAEIOAIOh| -POIEQO OAT A (
xEAOEAO OEA PAOAI AOAO xAO NMEGAA 10 AOGOEI AGAA j1ACAOE
xEAOAAO DPi OEOEOA OAI OAO ET AEAAOA EO xAO AOOEI AOAAQs
Prior low
Label Phase Value Init Min Max type Prior STdEr Up STdEr
L_at Amin_Fem_GP_1 -3 47 47 -50 100 No_prior NA NA NA
L_at Amax_Fem_GP_1 2 291.8 291.8 1 500 No_prior NA NA NA
VonBert_K_Fem_GP_1 3 0.13 0.13 0.001 2 No_prior  NA NA NA
CV_young_Fem_GP_1 -4 0.1 0.1 0.001 5 No_prior NA NA NA
CV_old_Fem_GP_1 4 0.1 0.1 0.001 5 No_prior  NA NA NA
Wtlen_1_Fem GP_1 99 1.10E06  1.10E06 0 3 No_prior  NA NA NA
Wtlen_2_Fem _GP_1 99 3.35 3.35 2 4 No_prior  NA NA NA
Mat50%_Fem_GP_1 -99 183.8 183.8 1.00E04 1000 No_prior NA NA NA
Mat_slope_Fem_GP_1 -99 -0.1326 -0.1326 -2 4 No_prior NA NA NA
Eggs_intercept_ Fem_GP_1 -3 -23.655 -23.655 -50 10 Normal -23.66 -23.655 -23.655
Eggs_slope_len_Fem_GP_1 -3 0.27966 0.27966 -3 3  Normal 0.2797  0.27966 0.27966
L_at Amin_Mal_GP_1 -3 47 47 50 100 No_prior  NA NA NA
L_at_Amax_Mal_GP_1 2 291.8 291.8 1 500 No_prior NA NA NA
VonBert_K_Mal_GP_1 -3 0.13 0.13 0.001 2 No_prior NA NA NA
CV_young_Mal_GP_1 -4 0.1 0.1 0.001 5 No_prior NA NA NA
CV_old_Mal_GP_1 -4 0.1 0.1 0.001 5 No_prior NA NA NA
Wtlen_1_Mal_GP_1 99 2.20E06  2.20E06 0 3 No_prior  NA NA NA
Wtlen_2_Mal_GP_1 99 3.189 3.189 2 4 No_prior  NA NA NA
CohortGrowDev -1 1 1 0.1 10 No_prior NA NA NA
FracFemale_GP_1 -99 0.5 0.5 0.01 0.99 No_prior NA NA NA
SR_LN(RO) 1 8.10363 8.10363 1.00E04 20 No_prior NA NA NA
SR_BH_steep -1 0.8 0.8 0.2 1 Log_Norm 0.8 0.8 0.8
SR_sigmaR -6 0.5 0.5 0 2 No_prior NA NA NA
SR_regime -99 0 0 -5 5 No_prior NA NA NA
SR_autocorr -99 0 0 0 2 No_prior NA NA NA
SR_regime_BLKladd_1970 1 -0.0295 -0.0295 -5 5 Normal 0 0.228315 0.169366
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Early_RecrDev_1990
Early_RecrDev_1991
Early_RecrDev_1992
Early_RecrDev_1993
Early_RecrDev_1994
Main_RecrDev_1995
Main_RecrDev_1996
Main_RecrDev_1997
Main_RecrDev_1998
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Main_RecrDev_2002
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Main_RecrDev_2009
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Main_RecrDev_2011
Main_RecrDev_2012
Main_RecrDev_2013
Main_RecrDev_2014
Main_RecrDev_2015
Main_RecrDev_2016
Main_RecrDev_2017
Main_RecrDev_2018
Late_RecrDev_2019
Late_RecrDev_2020
Late_RecrDev_2021
ForeRecr_2022
InitF_seas_1_flt 2FS2_BRA

InitF_seas_1_flt 3FS3_CHI_
Al

InitF_seas_1_flt 4FS4_JPN

LnQ_base_FS1_EU_SPN(1)

LnQ_base_FS3_CHI_TAI(3)
LnQ_base_BRA_index_TB1
)

LnQ_base_BRA _index_TB2
0)
LnQ_base_JPN_index_TB1(
1)
LnQ_base_JPN_index_TB2(
2)
Size_DbIN_peak_FS1_EU_¢
N(1)
Size_DbIN_top_logit_FS1_E
_SPN(1)
Size_DbIN_ascend_se_FS1.
U_SPN(1)
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Size_DbIN_descend_se_FS:
EU_SPN(1)
Size_DbIN_start_logit_FS1_
U_SPN(1)
Size_DbIN_end_logit_FS1_E
U_SPN(1)

Size_DbIN_peak_FS2_BRA(
Size_DbIN_top_logit FS2_B
A(2)
Size_DbIN_ascend_se_FS2.
RA(2)
Size_DbIN_descend_se_FS:
BRA(2)
Size_DbIN_start_logit FS2_
RA(2)
Size_DbIN_end_logit_FS2_E
A(2)

SzSel_Fem_Peak FS2_BR/
SzSel_Fem_Ascend_FS2_B
@
SzSel_Fem_Descend_FS2_
A(2)
SzSel_Fem_Final_FS2_BR#
SzSel_Fem_Scale_FS2_BR.

)
Size_DbIN_peak_FS3_CHI_

Al(3)
Size_DbIN_top_logit FS3_C
I_TAI(3)
Size_DbIN_ascend_se_FS3
HI_TAI(3)
Size_DbIN_descend_se_FS:
CHI_TAI(3)
Size_DbIN_start_logit_FS3_!
HI_TAI(3)

Size_DbIN_end_logit_ FS3 (
HI_TAI(3)

Size_inflection_FS4_JPN(4)
Size_95%width_FS4_JPN(4

SzSel_Fem_Infl_FS4_JPN(4
SzSel_Fem_Slope_FS4_JP!
)

SzSel_Fem_Scale_FS4_JP!
Size_inflection_FS5_URY(5)
Size_95%width_FS5_URY(E
Size_inflection_FS6_NAMB(

)
Size_95%width_FS6_NAMB

6)
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OR(7)
Size_DbIN_top_logit_FS11_
U_POR(7)
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Size_DbIN_start_logit_ FS11
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Size_DbIN_end_logit_FS11_
U_POR(7)
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)
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50% 2.5% 97.5%

K 277107 202555 386920
r 0.40 0.25 0.64

m 1.45 0.92 2.27
BmsyK 0.44 0.35 0.52
Bmsy 120012 83682 176399
Fumsy 0.28 0.18 0.42
MSY 33822 31085 36465
psi 0.72 0.45 0.93
cvProcErr 0.07 0.04 0.11
SQRT(tau2)VEN 0.14 0.03 0.67
SQRT(tau2)SPN 0.06 0.02 0.15
SQRT(tau2)POR 0.07 0.02 0.20
SQRT(tau2)USA1 | 0.24 0.05 0.46
SQRT(tau2)USA2 | 0.12 0.03 0.48
SQRT(tau2)JPN 0.15 0.05 0.27
SQRT(tau2)CTP 0.13 0.03 0.48
SQRT(tau2)MOR 0.27 0.11 0.55
qVEN 9.2E-07 4. 7607 1.8E-06
qSPN 2.5E03 1.5E03 4.3E03
gPOR 2.6E-03 1.5E03 4.3E03
qUSA1 7.4E-05 4.3E05 1.2E04
qUSA2 4.5E-05 2.5E-05 8.0E-05
gqJPN 9.7E-06 5.8E-06 1.6E05
qCTP 7.5E-06 4.1E06 1.3E05
gqMOR 2.4E03 1.4E03 4.2E03
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Contents B/Bmsy or SSB/SSBmsy : F/Fmsy

Method JABBA Stock Synthesis joint results i JABBA Stock Synthesis joint results

Year median 95%LCI 95%UCImedian 95%LCI 95%UCImedian 95%LCI 95%UCimedian 95%LCI 95%UCImedian 95%LCl 95%UCImedian 95%LCl 95%UCI
1971 1.63 1.04 231 0.29 0.21 0.47
1972 1.70 117 227 2.26 1.82 2.80 2.00 1.26 2.71 0.28 0.21 0.42 0.30 0.25 0.36 0.29 0.22 0.39
1973 1.75 1.28 224 2.27 1.83 2.80 201 1.37 271 0.29 0.23 0.42 0.34 0.28 0.41 0.32 0.24 0.41
1974 1.78 1.37 221 2.27 1.83 2.80 2.01 1.45 2.71 0.27 0.22 0.36 0.29 0.24 0.34 0.28 0.22 0.35
1975 181 1.46 221 225 1.83 2.78 201 153 2.69 0.34 0.27 0.43 0.37 0.31 0.43 0.35 0.28 0.43
1976 1.80 150 217 2.28 1.87 2.78 2.02 155 2.70 0.22 0.18 0.28 0.25 0.22 0.30 0.24 0.19 0.29
1977 1.85 157 221 231 1.93 276 2.07 161 2.68 0.29 0.24 0.35 0.32 0.27 0.36 0.30 0.24 0.36
1978 1.85 1.59 2.20 2.33 1.98 272 2.08 1.63 2.66 0.33 0.28 0.40 0.39 0.35 0.45 0.37 0.29 0.44
1979 1.82 1.58 2.16 2.36 2.05 2.72 2.10 1.62 2.66 0.24 0.20 0.28 0.30 0.26 0.34 0.27 0.20 0.34
1980 1.86 1.62 220 2.36 2.07 2.68 213 1.65 2.63i 0.36 0.30 043 041 0.37 0.46 0.39 0.31 0.45
1981 1.82 159 215 2.34 2.08 2.63 211 1.62 258 0.39 0.33 0.46 0.42 0.38 0.47 041 0.34 0.46
1982 1.78 1.56 2.09 231 2,07 2.58 2.08 159 2.53i 0.43 0.36 0.50 0.46 0.41 0.51 0.45 0.37 0.51
1983 1.73 152 2.04 2.26 2.04 250 2.04 155 2.46: 0.60 0.50 0.71 0.69 0.62 0.76 0.65 0.52 0.75
1984 1.62 1.44 1.90 221 2.01 244 1.97 1.46 2.40 0.55 0.46 0.64 0.60 0.54 0.66 0.58 0.48 0.65
1985! 158 141 1.84 214 1.95 2.35 1.92 143 2.32i 0.68 0.57 0.79 0.74 0.67 0.81 0.72 0.59 0.81
19863 1.50 134 174 2.03 1.85 222 1.81 1.36 2.19: 0.95 0.80 1.09 1.03 0.94 114 1.00 0.83 1.13
1987 1.33 1.19 1.55 1.88 1.71 2.06 1.65 121 2.03 1.23 1.04 141 1.29 117 142 1.27 1.07 1.42
19881 113 0.99 1.34 1.74 1.58 1.92 1.50 1.00 1.89i 124 1.02 1.43 121 1.09 1.35 122 1.05 1.40
19893 1.01 0.85 1.22 1.65 1.50 1.82 142 0.87 l.79: 0.92 0.74 1.10 0.83 0.75 0.93 0.86 0.75 1.07
1990 1.03 0.87 124 157 1.42 1.73 1.36 0.90 1.70; 091 0.73 1.10 0.92 0.81 1.06 0.92 0.76 1.08
19911 1.05 0.89 1.25 147 1.32 1.63 1.30 0.91 1.60i 1.06 0.85 129 1.07 0.92 1.24 1.07 0.88 127
19923 1.00 0.84 1.24 1.38 1.24 154 1.24 0.86 1.52: 1.08 0.85 131 1.01 0.87 1.18 1.04 0.86 127
1993 0.97 0.82 124 1.28 114 144 117 0.84 141 1.33 1.02 1.60 134 1.16 155 133 1.07 157
1994i 0.88 0.72 1.16 1.20 1.07 1.35 1.09 0.75 1.33i 1.25 0.93 152 1.16 1.02 1.33 1.20 0.98 1.47
1995{ 0.84 0.69 113 1.10 0.96 1.25 1.00 0.71 1.23: 143 1.04 1.73 1.49 1.28 1.74 1.46 112 1.74
1996, 0.76 0.61 1.04 0.99 0.85 115 0.90 0.63 1.13] 140 1.00 172 1.29 112 1.49 133 1.07 1.67
19971 0.71 0.56 0.98 0.92 0.78 1.09 0.84 0.58 1.07i 1.43 1.02 1.78 1.34 1.15 1.56 1.37 1.09 1.72
19983 0.67 0.52 0.94 0.89 0.75 1.06 0.80 0.54 1.04: 1.35 0.95 1.70 1.27 1.08 1.49 1.30 1.01 1.64
1999, 0.66 0.51 0.92 0.85 0.71 1.02 0.77 0.53 1.00; 1.36 0.94 171 1.23 1.04 1.45 1.27 1.00 1.66
20001 0.67 0.52 0.96 0.80 0.66 0.97 0.75 0.54 0.97i 1.41 0.96 1.79 1.42 1.20 1.68 1.42 1.05 1.75
20013 0.64 0.48 0.93 0.76 0.62 0.93 0.71 0.50 0.935 1.16 0.78 151 1.13 0.96 1.34 114 0.85 1.46
2002 0.64 0.48 0.92 0.74 0.60 0.91 0.70 0.50 0.91; 1.06 0.71 1.38 1.04 0.88 1.24 1.05 0.77 1.34
20031 0.67 0.51 0.97 0.72 0.58 0.88 0.70 0.53 0.92i 1.19 0.80 154 1.02 0.85 121 1.07 0.84 1.48
20043 0.67 0.50 0.97 0.72 0.58 0.88 0.70 0.52 0.925 112 0.76 147 1.07 0.89 1.29 1.09 0.82 141
2005 0.69 0.51 0.98 0.73 0.59 0.89 0.71 0.53 0.93 1.09 0.74 1.42 0.90 0.75 1.07 0.96 0.75 1.36
20061 0.73 0.56 1.04 0.74 0.61 0.90 0.74 0.57 0.98i 1.00 0.69 1.29 0.88 0.75 1.04 0.92 0.72 1.24
2007 0.82 0.63 1.14 0.74 0.61 0.91 0.77 0.62 1.07: 0.99 0.70 1.27 0.98 0.84 1.15 0.99 0.75 1.23
2008 0.89 0.70 1.23 0.75 0.62 0.92 0.81 0.64 1.15; 1.05 0.74 1.32 1.09 0.92 1.29 1.07 0.80 1.30
2009 0.92 0.72 1.25 0.78 0.64 0.95 0.84 0.66 1.18i 117 0.84 147 1.07 091 1.26 111 0.88 1.42
2010 0.93 0.73 1.26 0.82 0.67 0.99 0.86 0.69 1.19: 1.23 0.88 154 1.16 0.99 1.37 1.19 0.93 1.49
2011 0.93 0.73 1.27 0.87 0.71 1.05 0.89 0.72 1.20; 1.25 0.89 157 121 1.02 143 1.23 0.95 152
2012 0.93 0.73 1.28 0.89 0.73 1.09 0.91 0.73 1.21i 117 0.83 1.48 1.16 0.98 1.38 1.16 0.89 1.43
2013 0.94 0.73 1.30 0.89 0.72 1.09 0.91 0.73 1.22: 1.16 0.82 1.47 1.09 0.92 1.28 111 0.88 1.42
2014 0.97 0.76 1.34 0.92 0.75 112 0.94 0.76 1.27; 117 0.82 1.46 1.20 1.03 141 119 0.89 1.44
2015 1.01 0.80 141 0.98 0.80 119 0.99 0.80 l.32i 118 0.83 1.48 1.25 1.07 1.46 122 0.89 1.47
2016 1.02 0.80 1.44 1.00 0.82 122 1.01 0.81 1.35: 1.29 0.89 1.61 1.38 1.18 1.63 135 0.96 1.62
2017 0.94 0.72 1.35 1.02 0.83 1.25 0.99 0.75 1.29; 127 0.86 161 1.33 111 1.58 1.30 0.93 159
2018 0.87 0.65 1.26 1.04 0.85 1.28 0.98 0.68 l.27i 1.16 0.78 1.52 112 0.93 1.35 114 0.84 1.46
2019 0.86 0.63 124 1.06 0.87 1.30 0.98 0.66 1.285 0.95 0.63 1.26 1.00 0.82 1.23 0.98 0.69 1.24
2020 0.88 0.65 1.26 1.05 0.86 1.29 0.98 0.68 1.28; 0.72 0.49 0.96 0.77 0.62 0.95 0.75 0.52 0.95
2021 0.96 0.71 1.35 1.03 0.84 1.27 1.00 0.75 1.30i 0.68 0.47 0.91 0.73 0.56 0.95 0.70 0.50 0.93
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Contentsi B/Bmsy or SSB/SSBmsy : F/Fmsy

Method | JABBA Stock Synthesis joint results i JABBA Stock Synthesis joint results

Year 'median 95%LCI 95%UCImedian 95%LCI 95%UCImedian 95%LCI 95%UCimedian 95%LCI 95%UCI median 95%LCI 95%UCI median 95%LCI 95%UCI
1971] 202 166 239 i 008 005 o011
1972i 2.05 1.67 248 351 2.79 4.42 2.65 1.73 4.26i 0.09 0.05 0.12 0.05 0.04 0.06 0.06 0.04 0.12
1973! 207 1.67 252 351 2.79 4.42 2.68 1.74 4.26! 0.11 0.07 0.16 0.06 0.04 0.08 0.08 0.05 0.15
1974: 207 1.65 253 3.54 281 4.45 2.69 1.73 4.29: 0.07 0.04 0.11 0.04 0.03 0.05 0.05 0.03 0.10
1975 2.09 1.66 255 3.56 2.85 4.45 272 1.74 4.29 0.07 0.04 0.10 0.04 0.03 0.05 0.05 0.03 0.09
1976! 2.10 1.66 257 3.59 291 4.42 277 1.75 4.27! 0.07 0.04 0.11 0.04 0.03 0.05 0.05 0.03 0.10
1977: 211 1.68 257 357 294 4.33 2.80 1.76 4.20: 0.15 0.09 0.22 0.08 0.06 0.10 0.10 0.06 0.21
1978i 2.08 1.65 253 3.54 2.98 4.22 279 1.74 4.10i 0.17 0.10 0.25 0.09 0.07 0.11 0.11 0.07 0.23
1979! 2.05 1.62 2.50 351 3.00 411 2.83 1.70 4.00! 0.19 0.11 0.27 0.09 0.07 0.12 0.12 0.08 0.26
1980: 2.02 1.58 248 347 3.01 4.01 281 1.66 3.91: 0.21 0.12 0.31 0.11 0.09 0.13 0.13 0.09 0.29
1981i 1.99 154 244 347 3.04 3.96 2.83 1.63 3.87i 0.13 0.08 0.20 0.07 0.05 0.09 0.08 0.06 0.19
1982! 2.00 1.56 2.46 342 3.02 3.89 2.82 164 3.80! 0.23 0.13 0.35 0.12 0.09 0.14 0.14 0.10 0.32
1983: 197 152 243 344 3.06 3.88 2.85 1.60 3.80: 0.10 0.06 0.15 0.05 0.04 0.06 0.06 0.04 0.14
1984i 2.00 154 2.46 343 3.05 3.86 2.84 1.62 3.78i 0.17 0.10 0.26 0.08 0.07 0.10 0.10 0.07 0.24
1985! 1.99 154 245 342 3.05 3.84 2.86 1.62 3.77! 0.14 0.08 0.22 0.07 0.06 0.09 0.09 0.06 0.20
19865 2.00 1.55 244 3.39 3.03 3.80 2.85 1.62 3.74: 0.20 0.12 0.31 0.10 0.09 0.13 0.12 0.09 0.29
1987i 197 151 241 3.39 3.16 3.63 3.00 1.60 3.59; 0.16 0.09 0.25 0.09 0.07 0.10 0.10 0.07 0.23
1988! 197 151 241 331 3.10 3.53 297 159 3.49 0.29 0.17 0.45 0.20 0.18 0.23 0.22 0.17 0.42
1989: 191 1.44 235 3.19 2.99 3.40 287 152 3.36; 0.39 0.22 0.61 0.29 0.26 0.34 0.31 0.24 0.57
1990i 1.82 1.34 2.26 3.05 2.86 3.25 2.74 1.44 3.22, 0.47 0.26 0.75 0.32 0.28 0.37 0.35 0.27 0.69
1991! 1.73 1.25 217 2.95 2.77 3.15 2.65 1.33 3.12! 0.42 0.22 0.68 0.29 0.25 0.33 0.31 0.24 0.63
1992: 1.69 1.19 212 2.86 2.68 3.05 2.58 1.27 3.02: 0.47 0.25 0.78 0.32 0.27 0.37 0.35 0.27 0.72
1993i 1.62 112 2.05 277 2.59 2.96 244 1.20 293 0.49 0.25 0.83 0.34 0.29 0.40 0.37 0.28 0.77
1994! 155 1.06 1.99 2.60 242 2.80 231 114 2.76! 0.59 0.29 1.02 0.42 0.35 0.49 0.45 0.33 0.94
1995: 1.44 0.94 1.89 2.35 215 257 2,07 1.02 253 0.69 0.33 124 0.55 0.46 0.64 0.57 0.38 112
1996 1.36 0.87 1.83 2.06 1.84 231 1.83 0.96 227 0.76 0.36 1.38 0.61 0.51 0.74 0.64 0.41 1.26
1997! 1.28 0.82 1.76 1.87 1.62 214 1.67 0.89 2.10! 0.62 0.28 1.14 0.48 0.40 0.59 0.51 0.33 1.04
1998: 131 0.84 1.79 1.74 1.49 2.02 158 0.92 1.98I 0.57 0.26 1.03 0.49 0.40 0.61 0.51 0.30 0.94
1999i 131 0.84 1.80 1.62 1.36 1.92 151 0.92 1.88 0.60 0.28 1.10 0.59 0.47 0.73 0.59 0.32 1.00
2000! 132 0.85 1.80 1.50 124 181 1.44 0.93 1.81! 0.60 0.28 1.09 0.64 0.50 0.80 0.63 0.32 1.00
2001: 132 0.85 1.80 141 1.15 1.73 1.38 0.93 1.77 0.54 0.25 0.99 0.65 0.51 0.82 0.62 0.29 0.91
2002i 1.32 0.86 1.79 1.37 111 1.69 135 0.93 1.75 0.58 0.27 1.05 0.63 0.49 0.82 0.62 0.31 0.96
2003! 1.32 0.86 1.80 1.34 1.08 1.66 133 0.93 1.75 0.69 0.32 1.26 0.74 0.57 0.95 0.72 0.37 115
2004: 129 0.83 1.78 1.33 1.07 1.66 1.32 0.90 1.73: 0.59 0.27 1.09 0.66 0.52 0.85 0.64 0.32 0.99
2005i 1.34 0.87 181 1.27 101 1.60 1.30 0.94 1.74i 0.68 0.32 123 0.78 0.60 1.01 0.75 0.37 114
2006! 1.33 0.86 1.80 1.23 0.98 1.56 1.27 0.92 1.73! 0.63 0.30 114 0.77 0.60 1.00 0.73 0.34 1.06
2007: 1.39 0.91 1.84 1.20 0.95 152 1.28 0.94 1.77: 0.66 0.31 1.17 0.87 0.68 112 0.80 0.36 114
2008i 1.40 0.93 1.85 118 0.93 150 127 0.93 1.78 0.66 0.32 1.16 0.89 0.70 115 0.82 0.36 115
2009! 1.43 0.96 1.87 117 0.92 1.50 1.28 0.93 1.80! 0.63 0.31 111 0.95 0.74 121 0.84 0.35 119
2010: 152 1.05 1.96 1.15 0.90 1.48 1.30 0.92 1.90 0.72 0.36 1.23 1.10 0.85 1.42 0.96 0.41 1.38
2011i 155 1.08 2.01 1.09 0.83 1.44 1.28 0.86 1.93 0.83 041 141 1.34 1.02 1.75 114 0.47 1.68
2012! 152 1.04 2.01 1.15 0.88 1.50 1.30 0.91 1.92! 0.63 0.30 1.07 0.93 0.71 1.24 0.82 0.35 1.20
20135 151 1.02 1.99 1.27 0.99 1.64 1.37 1.00 1.92: 0.47 0.23 0.81 0.64 0.49 0.85 0.58 0.26 0.84
2014i 154 1.05 2.00 1.34 1.04 1.73 143 1.04 1.93i 0.58 0.29 101 0.73 0.55 0.96 0.68 0.33 0.98
2015! 151 1.02 1.96 1.39 1.08 1.79 1.44 1.06 1.91! 0.51 0.25 0.88 0.63 0.48 0.82 0.59 0.29 0.85
2016: 153 1.04 1.98 143 111 1.84 147 1.08 1.93 0.57 0.28 0.98 0.71 0.54 0.92 0.66 0.32 0.95
2017i 153 1.04 1.98 1.48 1.16 1.90 151 1.10 1.95 0.64 0.32 1.10 0.79 0.61 1.03 0.74 0.36 1.06
2018! 153 1.05 1.98 1.46 1.14 1.88 1.50 1.10 1.94! 0.77 0.38 1.32 0.94 0.73 122 0.89 0.44 1.26
2019: 1.49 1.02 194 137 1.05 1.78 142 1.04 1.89I 0.86 0.42 1.48 111 0.85 1.45 1.02 0.49 1.46
2020i 1.43 0.97 1.89 1.27 0.96 1.69 1.34 0.96 1.82 0.81 0.39 141 1.07 0.81 1.43 0.98 0.45 142
2021! 141 0.93 1.87 1.19 0.88 1.62 1.29 0.89 1.81! 0.82 0.39 147 1.16 0.85 1.59 1.03 0.45 1.55
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Catch (1) 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
20000 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
22500 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
25000 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
27500 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
30000 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
32500 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
32689 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
35000 0% 0% 0% 0% 0% 0% 0% 0% 0% 1%
37500 0% 0% 0% 0% 0% 0% 0% 1% 3% 6%
40000 0% 0% 0% 0% 0% 1% 2% 6% 13% 22%
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Catch (t 2025 2026
] 100% 100% 100% 100% 100%
psefefs) 100% 100% 100% 100% 100%
praslslll  99%  99% 99% 100% 100%
Pl 95% 96% 96% 97% 98%
PG 87% 87% 88% 89% 92%
30000

32500 62% 60% 59% 59% 59% 59%
32689 61% 59% 58% 57% 58% 58%
35000 50% 47% 44% 43% 41% 39%
37500 40% 35% 31% 27% 24% 21%
40000 31% 24% 19% 14% 11% 8%

100%
100%
100%

99%
93%

59%
58%
38%
19%

7%

59%
58%
37%
17%

5%

59%
58%
36%
15%

4%

i AlQO1 AEIsEOU "1 "

Catch (t 2024 2025 2026

0 95% 100% 100%
20000 59% 58% 62% 91%
22500 58% 56% 59%
25000 56% 53% 55%
27500 55% 51% 52%
30000 54% 49% 50% 53% 58% 61%
32500 53% 48% 47% 49% 51% 53%
32689 53% 47% 46% 48% 50% 52%
35000 53% 46% 44% 43% 44% 43%
37500 52% 44% 40% 38% 35% 33%
40000 51% 42% 36% 32% 27% 22%

100%
95%
90%
82%

63%
53%
53%
42%
30%
18%

100%
97%
93%
86%

65%
54%
53%
41%
27%
15%

100%
98%
95%
88%

67%

54%
53%
40%
24%
13%

i AoOT AAAEI:ADH &8&K&

Catch (t 2024 2025
0 100% 100% 100%
20000 84% 91%
22500 85%
25000

27500
30000 53% 49% 50% 53% 57% 60%
32500 51% 47% 46% 47% 49% 51%
32689 50% 46% 46% 47% 49%  50%
35000 46% 42% 40% 39% 38% 37%
37500 38% 33% 29% 26% 23% 21%
40000 30% 23% 18% 14% 11% 8%

100%
95%
90%

82%

63%
51%
51%
36%
19%

7%

100%
97%
93%
86%

65%
52%
51%
35%
17%

5%

100%
98%
95%
88%

66%
52%
51%
34%
15%

4%
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Catch (1) 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
15000 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
17500 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
20000 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
22500 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
25000 0% 0% 0% 0% 0% 0% 1% 1% 1% 1%
27500 0% 0% 0% 0% 1% 1% 1% 1% 2% 3%
27711 0% 0% 0% 0% 1% 1% 1% 2% 2% 3%
30000 0% 0% 0% 1% 1% 1% 2% 3% 5% 6%
32500 0% 0% 0% 1% 2% 3% 5% 8% 11% 16%
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100% 100% 100% 100% 100% 100% 100%
100% 100% 100% 100% 100% 100% 100% 100%
98% 99% 99%  99% 99% 100% 100% 100%
95% 96% 97% 97% 97% 98% 98%  98%
89% 90% 91% 91% 91% 91% 92%  92%
80% 81% 80%
27500 70% 69% 68% 66% 65% 64% 62% 61% 60%  59%
27711 69% 68% 67% 65% 63% 62% 61% 60% 59%  58%
30000 58% 57% 54% 52% 50% 48% 47% 45% 44%  43%
32500 47% 45%  42% 40% 37% 36% 34% 33% 32%  32%
i A& 001 AAAEg EOU "I "
Catch (t 2024 2025 2026
W] 93% 99% 100% 100% 100% 100% 100% 100% 100%
)] 83% 89% 93% 95% 97% 98% 99% 99%  99%
W] 81% 86% 90% 92% 94% 95% 96% 97% 97%
20000 83% 86% 88% 89% 90% 91% 92% 93%
22500 81% 82% 82% 83% 84% 84%  85%
25000
27500 69%
27711 69%
30000 67% 63% 60% 57% 54% 52% 50% 48% < 47%
32500  68% 62% 57% 52% 48% 45%  42%  40% 39%  38%
i AT AAAELEDBA & &&
Catch (t 2024 2025 2026
W] 93% 99% 100% 100% 100% 100% 100% 100% 100%
)] 83% 89% 93% 95% 97% 98% 99% 99%  99%
)] 81% 86% 90% 92% 94% 95% 96% 97% 97%
20000 83% 86% 88% 89% 90% 91% 92% 93%
22500 81% 82% 82% 83% 84% 84%  85%
25000
27500 68% 68% 67% 65% 63% 61% 59% 59% 54%  53%
27711 67% 67% 66% 63% 61% 60% 58% 56% 55% = 54%
30000 58% 57% 54% 51% 49% 47% 44% 43% 41%  40%
32500  47% 45%  42% 39% 37% 34% 32% 31% 29%  28%
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Figure 1. Total landed catch of blue shark for northern (upper) and southern (lower) blue shark stocks.
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Figure 2. Standardized indices of abundance of blue shark for the northern stock (upper) and the southern

stock (lower).
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Figure 3. Sensitivity analyses for South Atlantic blue shark stock (JABBA).
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(a) Schaefer vs Pella and K prior with all 10 indices, low process error.
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|
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(b) Pella varying start year, Bo/K prior or indices, otherwise same as base.
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(c) Post model pre data (pmpd)iagnostic with no indices, low process error.
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Figure 4. Sensitivity analyses for North Atlantic blue shark stock (JABBA).
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N-BSH Stock Synthesis final model Jitter analysis
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Figure 5. Jitter results (100) for the northern blue shark Stock Synthesis modekeference case.
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Figure 12. Hindcasting plots for the index (upper panels) and length fits (lower panels) for the North blue
shark Stock Synthesis model reference case; numbers in parenthesis represent an adjustment to the MASE
value, which was not evaluated within the current assssment.
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Figure 13. Jitter results for the southern stock synthesis case.
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Figure 17 .The joint residuals plot for the index (left panel) and length composition (right panel) fits for the
south BSH Stock synthesis model reference case.
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Figure 18. The runs test for the index (upper panel) and length composition (lower panel) fits faghe south
BSH Stock synthesis model reference case.
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Figure 19. The retrospective analysis for the spawning output (left panel) and F (right panel) for the south
BSH Stock synthesis model reference case.
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Figure 20. Hindcasting plots forthe index (upper panel) and length fit (lower panel) for the south BSH Stock
synthesis model reference case.
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Figure 21. Likelihood profile for the southern stock SS3 model.
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Figure 22. Spawning output estimates for the south BSH Stock synthesis model reference case.
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Figure 23. Stock Synthesis estimated time series of North Atlantic blue shark spawning stock output.
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Figure 24. 2023 reference case Stock Synthesis North Atlantic blue shark model estimated recruitment
showing the estimated annual age0 recruitment (circles) with 95% asymptotic confidence intervals;
recruitment in years prior to 1990 and after 2021 follows the stock recruitment relationship exactly.
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Figure 25. 2023 reference case Stock Synthesis North Atlantic blue shark model estimated instantaneous
fishing mortality rates for all fleets combined (continuous F).
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Figure 26. Stock Synthesis estimated time series of South Atlantic blue shark recruitments. Vertical bars
indicate 95% CI.
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Figure 27. Stock Synthesis estimated time series of fishing mortality on South Atlantic blue shark. Vertical
bars indicate 95% CI.
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Figure 28. Annual values used as input standard deviation of log(CPUE) in the JABBA reference case for the
North Atlantic blue shark stock. The colors correspond to Venezuela (red), Spain (green), Portugal (darker
blue), USA1 (sky blue), USA2 (pink), Japan (yellovjhinese Taipei (grey), Morocco (black).
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Figure 29. Prior and posterior distributions of the JABBA reference case for the North Atlantic blue shark
stock. PPRM: Posterior to Prior Ratio of Means; PPRV: Posterior to Prior Ratio of Variances.
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Figure 30. Process error deviates for the North Atlantic blue shark JABBA reference case. The solid line is
the posterior median, and theshaded grey area indicates 95% posterior probability intervals.
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Figure 31. Top panels: Time series of observed (circle) and predicted (solid black line) CPUE of the North
Atlantic blue shark JABBA reference case. The dark grey shaded areas si9®% posterior probability
intervals of the expected mean CPUE, and the light grey shaded areas denote the 95% posterior predictive
distribution intervals. Bottom panels: Runs tests to evaluate the randomness of the time series of CPUE
residuals by fleet fa the North Atlantic blue shark JABBA reference case. Green panels indicate no evidence
of lack of randomness of timeseries residuals (p>0.05) while red panels indicate possible autocorrelation.
The inner shaded area shows three standard errors from theverall mean and red circles identify a specific
year with residuals greater than this threshold value (3x sigma rule).
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Figure 32.Residual diagnostic plots of log(CPUE) indices for the North Atlantic blue shark JABBA reference

case. Boxplots indicate the median and quantiles of all residuals available for any given year, and solid black
lines indicate a LOESS smoother through all rigisials.
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Figure 33. Retrospective analysis of the North Atlantic blue shark JABBA reference case, by removing one
year at a time sequentially (up to 5 years) and estimating the trends in biomass and fishing mortality (upper
panels), biomass relative to Bsy(B/B msy) and fishing mortality relative to Fusy(F/Fmsy) (middle panels) and
biomass relative to K (B/K) and surplus production curve (bottom panels).
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Figure 34. Hindcasting crossvalidation results for the North Atlantic blue shark JABBA reference case,
showing oneyear-ahead forecasts of CPUE values (202021), performed with five hindcast model runs
relative to the expected CPUE. The CPUE observations, used for cr@dglation, are highlighted as color
coded solid circles with associated lighgrey shaded 95% confidence interval. The model reference year
refers to the end points of each ongear-aheal forecast and the corresponding observation (i.e. year of
peel+ 1).
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Figure 35. Posterior predictive intervals for CPUE values, taking into account the observation error of the
CPUEs, for the North Atlantic blue shark JABBA reference case, from a model run deleting the last 5 years of
CPUE data (20172021). Black dots are the observedPUE values, and the posterior predictive intervals
(90% probability) are colored green and red for the years in which the CPUE values were included or
excluded from the model run.
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Figure 36. Jackknife analysis of the North Atlantic blue shark JABBA reference case. The black lines and
grey shaded intervals correspond to the reference case, and the colored lines to the same model fitted after
removing one CPUE series at a time. The blue linghg fit when removing the Portuguese CPUE series and
the yellow line the fit when removing the Japanese CPUE series.
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Figure 37. Annual stock trends as estimated by the North Atlantic blue shark JABBA reference case. The
solid line represents the median value, and the shaded area indicates the 95% posterior probability interval.
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Figure 38. Prior and posterior distributions of the JABBA reference case for the South Atlantic blue shark
stock. PPRM: Posterior to Prior Ratio of Means; PPRV: Posterior to Prior Ratio of Variances.
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Figure 39. Process error deviates (median: solid line) for the South Atlantic blue shark JABBA Reference
Case. The shaded grey area indicates 95% credibility intervals.

AL

JapanLLoT

25
20

pamll| @ Tapent 10T

20
5
5

15

‘-11-5g“nz—g“%y“uaﬂoﬂgjiafﬁi

1.0

-1.0 05 00

10 05 00
o——

q

o—t

o—

o—

o

o

05

1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
JapanLL02 Ci ipeil L

2000 2005 2010 2015 2020 1994 1996 1998 2000 2002 2004 2008

1.0

Tapan(0Z] 1y

35

05

°
B
0
o
0 @
o
< @ <
xo 2olo 11 o9 o o3f T I
3 O R R coept LIl gl
2o o 2 °1® sy [ |
£ & - @ G
Q 0
° L
- ©
S - @
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020 ' 3008 2010 2012 2014 2016 2018 2020 2008 012 2016 2020
5 BragiUuguay L[0T BrazlUruguay[L02 o FAEEIOT] © TR
© w
) o
o o w
- E E
; : [ I I
@ @ P T _,,_q_?_o.g__ﬁ__q_l_g_ 2 é__g_l_.n. __a.l__?_l_.a_i_T_I_ ]
e o @ ]
& = El ?
0
° 3 = 2
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020 1995 2000 2005 2008 2010 2012 2014 2016 2018 2020
Year Year

Figure 40. Left panels: Time series of observed (circle, input data) and predicted (solid line) CPUE of the
South Atlantic blue shark JABBA reference case. The dark grey shaded areas show 95% credibility intervals
of the expected mean CPUE, and the light grey shadatkas denote the 95% posterior predictive
distribution intervals. Right panels: Runs tests to evaluate the randomness of the time series of CPUE
residuals by fleet for the South Atlantic blue shark JABBA Reference Case. Green panels indicatgidence

of lack of randomness of timeseries residuals (p>0.05) while red panels indicate possible autocorrelation.
The inner shaded area shows three standard errors from the overall mean and red circles identify a specific
year with residuals greater than this threshold value (3x sigma rule).
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Figure 41.Residual diagnostic plots of CPUE indices for the South Atlantic blue shark JABBA reference case.
Boxplots indicate themedian and quantiles of all residuals available for any given year, and solid black lines
indicate a LOESS smoother through all residuals.
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Figure 42. Retrospective analysis of the South Atlantic blue shark JABBA reference case, by removing one
year at a time sequentially (n=5) and predicting the trends in biomass and fishing mortality (upper panels),
biomass relative to Bisv(B/B msy) and fishing mortality relative to Fusy(F/F msy) (middle panels) and biomass
relative to K (B/K) and surplus production curve (bottom panels).
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Figure 43. Hindcasting crossvalidation results for the South Atlantic blue shark JABBA reference case,
showing oneyear-ahead forecasts of CPUE values (202D021), performed with five hindcast model runs
relative to the expected CPUE. The CPUE observations, usedcfoss-validation, are highlighted as color
coded solid circles with associated lighgrey shaded 95% confidence interval. The model reference year
refers to the end points of each ongear-ahead forecast and the corresponding observation (i.gear of
peel+ 1).
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Figure 44.Jackknife index analysis of the South Atlantic blue shark JABBA reference case, by removing one
CPUE fleet at a time and predicting the trends in biomass and fishing mortality (upper panels), biomass
relative to Busy(B/B msy) and fishing mortality relative to Fusy(F/Fmsy) (middle panels) and biomass relative

to K (B/K) and surplus production curve (bottom panels).
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Figure 45. Annual trends of B/Busy(top) and F/Fusy(bottom) as estimated by the South Atlantic blue shark
JABBA Reference Case. The solid line represents the median value, and the shaded area indicates the
95% credibility interval.
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