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ISC PBFWG

EXECUTIVE SUMMARY

1. Stock Identification and Distribution

Pacific bluefin tuna Thunnus orientalls has a single Pacifiwide stock managed by both the
Western and Central Pacific Fisheries CommisgMWCPFC) and the InteAmerican Tropical

Tuna Commission (IATTC). Although found throughout the North Pacific Ocean, spawning
grounds are recognized only in the western North Pacific Ocean (WPO). A portion of each cohort
makes tran®acific migrations fronthe WPO to the eastern North Pacific Ocean (EPO), spending
up to several years of its juvenile life stage in the EPO before returning to the WPO.

2. Catch History

While there are few Pacific bluefin tuna (PBF) catch records prior to 1952, PBF landing records are
available dating back to 1804 from coastal Japan and to the early 1900s for U.S. fisheries operating
in the EPO. Based on these landing records, PBF catstimated to be high from 1929 to 1940,

with a peak catch of approximately 47,635t (36,217 t in the WPO and 11,418 t in the EPO) in 1935;
thereafter catches of PBF dropped precipitously due to World War Il. PBF catches increased
significantly in 1949 agapanese fishing activities expanded across the North Pacific Ocean. By
1952, a more consistent catch reporting process was adopted by most fishing nations and estimated
annual catches of PBF fluctuated widely from 12822 (Figure 1). During this periaeéported

catches peaked at 40,383 t in 1956 and reached a low of 8,653 t in 1990. The reported catch in 2021
and 2022 was 15,107 t and 17,458 t, respectively, includingmemnber countries of the
International Scientific Committee for Tuna and T4ika Species in the North Pacific Ocean (ISC).
Management measures were implemented by Regional Fisheries Management Organizations
(RFMOs) beginning in 2011 (WCPFC in 2011 and IATTC in 2012) and became stricter in 2015.
While a suite of fishing gears have baesed to catch PBF, the majority of the catch is currently
made by purse seine fisheries (Figure 2). Catches during20852were predominantly composed

of juvenile PBF; the catch of age O PBF has increased significantly since the early 1990s but
declinedas the total catch in weight declined since the-Bi0s and due to stricter control of
juvenile catch (Figures 1 and 3).


http://www.wcpfc.int/
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Figure 1. Annual catch (tons) of Pacific bluefin tunehunnus orientalisby ISC member countries
from 1952 through 2022 (calendar year) based on ISC official statistics.
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Figure 2. Annual catch (tons) of Pacific bluefin tun@hunnus orientalisby gear type by ISC
member countries from 1952 through 2022 (calendar year) based on ISC official statistics.
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Figure 3. Estimated annual catet-age (number of fish) of Pacific bluefin tun@h{unnus
orientalis) by fishing year estimated by the basese model (1983022).



3. Data and Assessment

Population dynamics were estimated using a fully integratedtagetured model (Stock Synthesis
(SS) v3.30) fitted to catch (retained and discarded);ngposition, and cateperunit of effort
(CPUE) based abundance index data from 1983 to 2023dptbisay Members of (ISC), Pacific
Bluefin Tuna Working Group (PBFWG) and ntfeC countries obtained from the WCPFC official
statistics. Life history parameters included a lergjthge relationship from otolitderived ages
and natural mortality estimaté®m a tagrecapture study and empiridée history methods.

In 2024, the PBFWG conducted a benchmark stock assessment. The PBFWG critically reviewed
all aspects of the model, and some modifications were made to improve the model. A total of 26
fleets were defined for use in the stock assessment model based aiy/geanteason/region
stratification until the end of the fishing year 2022 (June 2023). Quarterly observations of catch and
size compositions, when available, were used as inputs to the model to describe the removal
processes. Annual estimates of standadlCPUE from the Japanese distant watershdire, and

coastal longline, the Chinese Taipei longline, and the Japanese troll fleets were used as measures of
the relative abundance of the population. The CPUE of Japanese longline (adult index) after 2020
and Japanese troll (recruitment index) after 2010 were not included in the model, as these
observations may be biased due to additional management measures in Japan. The assessment
model was fitted to the input data in a likeliheloaised statistical framerk. Maximum likelihood
estimates of model parameters, derived outputs, and their variances were used to characterize stock
status and to develop stock projections.

One of the major changes made in this assessment is that the PBFWG decided to shorten the stock
assessment model by starting in 1983 instead of 1952. This adjustment was implemented because
more reliable data are available after 1983. Additionally, thetamto of a shorter model period
enhances flexibility and can accommodate diverse productivity assumptions. This flexibility is an
important feature as this model will be used in the upcoming PBF management strategy evaluation
(MSE). The PBFWG confirmed th#he results and management quantities of the longer period
model and the shorter period model are consistent and that the change in the duration of the
assessment model does not affect the management advice (Figure 4). A simple update of the 2022
stockassessment with new data estimated slighitiher relative biomassafter 2011, reflecting an
underestimating tendency of the past model (Figure 4). Other changes include refined
parameterization of selectivity to reduce model residuals and shortening fcruitment index

from 19832016 to 1982010. The truncation of the recruitment index was supported by various
analyses as described in the main body of the assessment report and was considered appropriate to
reduce the SSB retrospective bfas1o h nfar $0 ygarsretrospective analysia the base case is

-0.06), which was observed in several previous assessment models. After these modifications, the
basecase model fits better to the input data and shows good prediction skill (the root mean square
error of the Taiwanese longline CPUE for the predictgeadr period was 04 see Figure 5). The
PBFWG therefore concluded that the model is appropriate for generating management advice. Due
to those changes, recent relative biomass was scaled up to some extent (see Figure 4) as the
retrospective bias was reduced.
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After conducting thorough reviews and implementing necessary modifications, the PBFWG found
that the 2024 basease model is consistent with the previous assessment results, that it fits the data
well, that the results are internally consistent among wiotste data sources, and that the model

has improved overall by addressing the issues previously identified. The model diagnostics have
confirmed that the bassase model captures the production function of PBF well, thus its estimated
biomass scale is fiable, and that the model has good predictability. Based on these findings, the
PBFWG concluded that the 2024 assessment model reliably represents the population dynamics and
provides the best available scientific information for the PBF stock.

4. Stock Status and Conservation Information

The basecase model results show that: (1) spawning stock biomass (SSB) fluctuated throughout the
assessment period (fishing years 1:2822); (2) the SSB steadily declined from 1996 to 2010; (3)
the SSB has rapidly increased since 2011; (4) fishing nigr{&h,sprp decreased from a level
producing about 1% of SPR 20042009 to a level producing3.6% of SPR in 2022022; and

(5) SSB in 2022 increased 28.26 of SSB-¢, achieving the second rebuilding target by WCPFC
and IATTC in2021 Based on the model diagnostics, the estimated biomass trend throughout the
assessment period is considered robust. The SSB in 2022 was estimatdd4o1B8t (Table 1

and Figure 6), more than 10 times of its historical low in 2010. An increase in immature-3ish (0
years old) is observed in 202019 (Figure 7), likely resulting from reduced fishing mortality on
this age group. This led to a substantial @ase in SSB after 2019. The method to estimate
confidence interval was changed from boofgtiag in the previous assessments to normal
approximation of the Hessian matrix.

Historical recruitment estimates have fluctuated since 1983 without an apparent trend (Figure 6).
Currently, stock projections assume that future recruitment will fluctuate around the historical
(19832020 FY) average recruitment level. Previously, noiigant autocorrelation was found in
recruitment estimates, supporting the use in the projections of recruitment sampled at random from
the historical time series. In addition, now that SSB has recover28l #SSB-o, the PBFWG
considers the assumptidmat the future recruitment will fluctuate within the historical range to be
reasonable. The PBFWG also confirmed that the distributions of historical recruitment from the
updated longerm model (1952022) and the present bas&se model (1983022) are omparable.

! SPR (spawning potential ratio) is the ratio of the cumulative spawning biomass that an average recruit is

expected to produce over its lifetime when the stock is fished at the current fishing level to the cumulative

spawning biomass that could be produbg@n average recruit over its lifetime if the stock was unfished.

Fwsps F that produces % of the spawning potential ratio (i-:26SPR).

2 SSBF=0 is the expected spawning stock biomass under average recruitment conditions without fishing.
5



Table 1.Total biomass, spawning stock biomass, recruitment, spawning potential ratio, and
depletion ratio of Pacific bluefin tunalfunnus orientalisestimated by the basase model, for
the fishing years 1983022.

Year Total Biomass Spawning Stock  Recruiment i%?g:::;? Relative biomas:
(mt) Biomass (mt) (x1000 fish) Ratio over SSBy

1983 31,993 15,429 11,827 3.7% 2.5%
1984 34,852 13,898 8,176 7.1% 2.2%
1985 38,514 14,280 9,207 4.6% 2.3%
1986 38,713 15,925 8,094 1.8% 2.6%
1987 36,385 16,934 6,956 10.4% 2.7%
1988 40,630 19,967 8,977 16.4% 3.2%
1989 47,141 20,590 4,187 18.1% 3.3%
1990 57,723 26,079 21,138 22.1% 4.2%
1991 75,302 34,208 7,400 13.2% 5.5%
1992 84,406 43,037 4,375 16.8% 6.9%
1993 93,667 55,854 3,985 19.0% 9.0%
1994 103,163 64,267 30,951 12.0% 10.3%
1995 116,349 79,269 15,247 7.3% 12.7%
1996 109,419 75,121 17,967 9.2% 12.1%
1997 108,955 68,311 11,344 7.5% 11.0%
1998 104,534 66,696 15,469 5.2% 10.7%
1999 100,748 60,915 21,993 5.6% 9.8%
2000 94,830 57,366 13,910 1.9% 9.2%
2001 82,675 54,907 16,944 9.6% 8.8%
2002 83,931 51,822 13,375 6.3% 8.3%
2003 79,217 49,650 6,748 2.3% 8.0%
2004 70,699 41,296 27,619 1.3% 6.6%
2005 65,488 33,668 15,323 0.6% 5.4%
2006 51,886 26,737 13,854 1.1% 4.3%
2007 45,705 20,791 23,619 0.5% 3.3%
2008 44,337 16,082 21,038 1.0% 2.6%
2009 39,232 12,526 7,983 1.7% 2.0%
2010 37,537 12,275 17,593 2.8% 2.0%
2011 39,632 14,236 13,822 5.8% 2.3%
2012 43,506 17,447 7,663 9.6% 2.8%
2013 48,901 19,711 14,239 7.6% 3.2%
2014 54,166 22,690 4,882 15.9% 3.6%
2015 62,945 28,019 13,367 20.9% 4.5%
2016 77,523 37,762 16,040 21.5% 6.1%
2017 94,213 44,541 11,417 31.4% 7.2%
2018 118,007 56,986 9,991 37.1% 9.2%
2019 146,407 74,734 7,485 29.5% 12.0%
2020 168,571 104,243 6,828 28.4% 16.8%
2021 182,567 131,729 8,275 20.5% 21.2%
2022 186,632 144,483 11,467 21.9% 23.2%
Median (1983-2022) 73,000 35,985 11,647 8.4% 5.8%
Average (1983-2022) 78,528 44,112 12,769 11.5% 7.1%
Unfished (Equilibrium) 785,281 622,254 13,261 100% 100%
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Figure 6. Trajectory of total stock biomass (top), spawning stock biomass (middle), and recruitment
(bottom) of Pacific bluefin tunaThunnus orientalls (19832022) estimated from the basase

model. The solid line is the point estimate, and dashed lines delineate the 90% confidence interval.
The method used to estimate the confidence interval was changed from bootstrapping in the previous
assessments the normal approximation of the Hessian matrix.
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Figure 7. Total biomass (tons) by age of Pacific bluefin tullaunnus orientaljsestimated from
the basecase model (1983022). Note that the recruitment estimates for 20082 are more
uncertain than for other years.

The recruitment index based on the Japanese troll CPUE has proven to be an informative indicator
of recruitment in PBF assessments. However, the PBFWG found that the catchability of the
recruitment index may have been affected by the adoption of a nesifigesystem and an increase

in troll catch for farming operations after 2010, as well as management interventions after 2016. In
addition, an examination of model diagnostics suggested that fitting to the recruitment index after
2010 degraded model pretian skill and increased the SSB retrospective pattern. Therefore, for

this assessment, the PBFWG extended the approach of the 2022 assessment and terminated the
recruitment index after 2010. This was considered appropriate because even in the absence of a
recruitment index, the model still has other reliable and mutually consistent data to estimate SSB
and recruitments, in particular the adult indices.

Although the recruitments are well estimated for most of the time series, the recruitment estimates
in the terminal period (2012022) are more uncertain than other years (Figure 6), which is also
shown in the retrospective analysis of recruitment. Theuiterent estimate in the terminal year
(2022) is uninformed by data and was hence based on the stock recruitment relationship and close
to the estimated unfished recruitment. Therefore, recent recruitment estimates should be treated with
caution.

Additional evidence on recent recruitment trends was examined by the PBFWG using the newly
developed standardized CPUE index from the Japanese troll monitoring program 02311
(Figure 8). Although the PBFWG concluded that it was premature to intlisd@dex in the base

case model, this index is believed to provide a good qualitative indication of recruitment trends.
With regard to the recent low recruitment period estimated by thechaseanodel (2022021), the
monitoring index showed relativellow recruitment in 2019 and 2020, but relatively high
recruitment in 202:2023. Based on this evidence and the uncertainty in the retrospective analysis
of recruitment previously noted, the PBFWG considered the 2021 recruitment estimate from the
basecasemodel to be less reliable. Therefore, the PBFWG decided to start using resampled
historical recruitment from 2021, rather than 2022, forpttogections.

8
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Figure 8. Standardized CPUE index from tapanese recruitment monitoring program (2011
2023). The bar represents the 95% confidence interval.

This, in effect, means that the recruitment in 2021 is assumed to be around the historical average,
and if in fact it is lower than assumed, though the PBFWG believes it unlikely from the survey index
(Figure 8), the neaerm projection results would beoe more pessimistic.

Estimated agspecific fishing mortalities (F) on the stock during the periods of 2012 and
20202022, compared with 2062004 estimates (the reference period for the WCPFC Conservation
and Management Measure), are presented in Figure 9.

The WCPFC and IATTC adopted an initial rebuilding biomass target (the median SSB estimated
for the period from 1952 through 2014) and a second rebuilding biomass target (288488Br

average recruitment) but not a fishing mortality reference level. The previous (2022) assessment
estimated the initial rebuilding biomass target (85895220149 to be 6.3%SSBo and the
corresponding fishing mortality expressed as SPRs ef.$rr(Table 2). The Kobe plot shows that

the point estimate of the SaB,was232%SSB-oand that the recent (202D22) fishing mortality
corresponds tokewspr(Table 1 and Figure 10). The apparent increase in F in the terminal period
compared to the historical low in 2018&{kssrR is a result of low recruitment in this period. As

noted, the recruitment estimates in recent years are more uncertain and this result needs to be
interpreted with caution.

Figure 11 depicts the historical impacts of the harvest by the fleets on the PBF stock, showing the

estimated biomass when fishing mortality from the respective fleets is zero. Note that trends in

fishery impact back to 1970 were computed using the -t@se model extended to 1952.

Historically, the WPO coastal fisheries group has had the greatest impact on the PBF stock, but since

about the early 1990s the WPO purse seine fishery group targeting small fish-{adesthad a

greater impact and the effeaftthis group in 2022 was greater than any of the other fishery groups.

The impact of the EPO fisheries group was large before thel®dds, decreasing significantly

thereafter. The WPO longline fisheries group has had a limited effect on the stoghtubthe

analysis period because the impact of a fishery on a stock depends on both the number and size of
9



the fish caught by each fleet; i.e., catching a high number of smaller juvenile fish can have a greater
impact on future spawning stock biomass than catching the same weight of larger mature fish. In
2022, the estimated cumulative impact proportion betW&gB® and EPO fisheries is about 83%

and 17%, respectively. There is greater uncertainty regarding discards than other fishery impacts
because the impact of discarding is not based on observed data. Currently, the amount of discard is
assumed to be 6% ofaleported release in EPO and 5% of the catch in WPO, lacking reliable data.
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Figure 9. Geometric means of annual aggecific fishing mortalities (F) of Pacific bluefin tuna

(Thunnus orientalisfor 20022004 (dotted line), 2022014 (dashed line), and 202022 (solid
line).

Table 2. Ratios of the estimated fishing mortalities (Fs ar8PRs for 20004, 202-14, 2020

2022) relative to potential fishing mortalibased reference points, and terminal year SSB (t) for
each reference period, and depletion ratios for the terminal year of the reference period for Pacific
bluefin tuna Thunnus orientalis from the base&ase modelFmax Fishing mortality (F) that
maximizes equilibrium yield per recruit (Y/R). Fxx%SPR: F that produces a given % of the unfished
spawning potential (biomass) under equilibrium conditions.

. (1-SPR)/(1-SPRyys,) Estjmated SSB for Depletion rate for
Reference Period terminal year of each terminal year of each
Fmax  SPRyo% SPRasy,  SPR3oys  SPRaow period (ton) period (%)
2002-2004 1.88 1.21 1.29 1.38 1.61 41,296 6.6%
2012-2014 1.24 1.11 1.19 1.27 1.48 22,690 3.6%
2020-2022 0.84 0.95 1.02 1.09 1.27 144,483 23.2%
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Figure 10. Kobe plot for Pacific bluefin tunarfunnus orientallsestimated from the basase

model from 1983 to 2022. The-&«is shows the annual SSB relative to 20%S&&nd the Yaxis

shows the spawning potential ratio (SPR) as a measure of fishing mortality. Vertical and horizontal
dashedines show 20%SSB, (which corresponds to the second biomass rebuilding target) and the
corresponding fishing mortality that produces SPR, respectively. Vertical and hordattedlines

show the initial biomass rebuildirtarget (SSBep = 6.3%SSB=g) and the corresponding fishing
mortality that produces SPR, respectively. §5Bis calculated as the median of estimated SSB
over 19522014 from the 2022 assessment. The apparent increase of F in the terminal period is a
result of low recruitment in this period. As noted, the recruitment estimates in recent years are more
uncertain ad this result needs to be interpreted with caution. Contour plots represent 60% to 90%
of two probability density distributions in SSB and SPRZ022. The method used to estimate the
confidence interval was changed from bootstrapping in the previous assessments to resampling from
the multivariate lognormal distribution. The probability distribution for the area where SPR is
below zero is not ghiwn as such SPR values are not biologically possible.
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Stock Status

PBF spawning stock biomass (SSB) has increased substantially in the last 12 years. These biomass
increases coincide with a decline in fishing mortality, particularly for fish aged 0 to 3, over the last
decade. The latest (2022) SSB is estimated 886 of SSB-oand the probability that it is above
20%SSB=ois 75.9% Based on these findings, the following information on the status of the Pacific
bluefin tuna stock is provided:

1. No biomassbased limit or target reference points have been adopted for PBF, but the
PBF stock is not overfished relative to 20%SSBo, which has been adopted as a
biomassbased reference point for some other tuna species by the IATTC and WCPFC.
SSB of PBF reached its initial rebuilding target (SSBep = 6.3%SSB--0) in 2017, 7 years
earlier than originally anticipated by the RFMOs, and its second rebuilding target
(20%SSB-=0) in 2021; and

2. No fishing mortality -based reference points have been adopted for PBF by the IATTC
and WCPFC. The recent (2022022) F%SPR is estimated to b3.68% and thus the
PBF stock is not subject to overfishing relative to some of-Based reference points
proposed for tuna species (Table)2including F20%SPR.

Conservation Advice

After the steady decline in SSB from 1996 to the historically low lev20ir0, the PBF stock has

started recovering, and recovery has been more rapid in recent years, coinciding with the
implementation of stringent management measures. The 2022 SSB was 10 times higher than the
historical low and is above the second rebuildargét adopted by the WCPFC and IATTC, which

was achieved in 2021. The stock has recovered at a faster rate than anticipated when the Harvest
Strategy to foster rebuilding (WCPFC HS 2@12) was implemented in 2014. The fishing mortality
(F%SPR) in 2022022 is at a level producing ZB4SPR. According to the requests from WCPFC

and IATTC, future projections under various scenarios were conducted. The projection scenarios
and their results, the figure of projection r
provided as Talels 35, Figures 12, 13, and 14, respectively. In addition, the results of additional
projections whichwererequested by the Join Working Group of IAT'MBCPFC NC is provided

in Appendix 2 of the stock assessment ref&€ 2@4 Annex13 Appendix)2

Based on these findings, the following information on the conservation of the Pacific bluefin tuna
stock is provided:

1. The PBF stock is recovering from the historically low biomass in 2010 and has exceeded
the second rebuilding target (20%SSB-0). The risk of SSB falling below 7.7%SSB-o
(interim LRP for tropical tunas in IATTC) at least once in 10 years is negligible;

2. The projection results show that increases in catches are possible. However, the risk of
falling below the second rebuilding target will increase with larger increases in catch;

3. The projection results assume that the CMMs are fully implemented and are based on
certain biological and other assumptions. For example, these future projection results

13



do not containassumptions about discard mortality. Discard mortality may need to be
considered as part of future increases in catch; and

. Given the uncertainty in future recruitment and the influence of recruitment on stock
biomass as well as the impact of changes in fishing operations due to the management,
monitoring recruitment and SSB should continue. Research on a recruitment index for
the stock assessment should be pursued, and maintenance of a reliable adult abundance
index should be ensured. In addition, accurate catch information is the foundation of
good stock assessment.

14



Table 3. Future projection scenarios for Pacific bluefin tunaThunnus orientalis.

Harvesting scenarios
Scenarios Catch limit in the projection X Specified
fishery impact
Reference No WCPO EPO WCPO EPO at 2034 Note
Small Large Small Large Small Large | Small | Large [ WCPO | EPO
1 Status quo (WCPFC CMM2023-02, IATTC Resolution 21-05) 4,475 | 7,859 3,995 - - JWG's request 1(NC19 Summary Report, Attachment E; Maintaining the current CM
2 Maintaining the current CMM assuming maximum transfer utilizing the conve 3236 | 9.799 3095 B B JWG's request 02 (Maximum utilization of transfer from small fish catch limit to large fish
factor ' ’ ' limit using the conversion factor).
3 No fishing allowed 0 0 0 - - JWG's request 03 (No fishing)
5 - - — v - v — -
2 Status quo Status quo Status quo 7310 | 12,424 6,302 a } JWG's request 04-1 (scenario achieving 20%SSB0 with 60%probability by pro-rata chal
+60% +60% +60% catch).
Status quo Status quo JWG's request 04-2 (scenario achieving 20%SSBO0 with 60%probability by proportional ch
5 Status quo 4,475 | 21,555 11,186 - - X . -
a +180% +180% catch among the WCPO large fish catch limit and EPO total catch limit).
Status uo Status quo Status auo JWG's request 04-3 (scenario achieving 20%SSB0 with 60% probability by maintaining tl
6 a a a 5,420 | 20,235 8,310 - - catch proportion between WCPO and EPO as status quo while limiting the catch limit incrg
+20% +163% +108% ) . . L
WCPO small fish as 20% of its original catch limit).
JWG's request 04-4 (scenario achieving 20%SSB0 with 60% probability by maintaining tl
Status quo Status quo Status quo
7 +300/(3 +13130 +9202 5,893 | 17,789 7,670 - - catch proportion between WCPO and EPO as status quo while limiting the catch limit increg
WCPO small fish as 30% of its original catch limit).
Status quo Status auo Status quo JWG's request 05-1 (explored constant catch scenario achieving 20%SSB0 with 60% pr
8 +300/(: +300/c0| +190% 5,893 | 10,142 11,586 70 30 and fishery impact ratio between WCPO and EPO as 70% and 30% while maintaining thi
proportion of small and large fish in WCPO as status quo).
Status quo Status quo Status quo JWG's request 05-1 (explored constant catch scenario achieving 20%SSB0 with 60% prd
9 +55% +55% +80% 7,074 | 12,044 7,191 80 20 and fishery impact ratio between WCPO and EPO as 80% and 20% while maintaining th
proportion of small and large fish in WCPO as status quo).
Status quo Status quo Status quo JWG's request 05-2 (explored constant catch scenario achieving 20%SSB0 with 60% prd
10 +10% +130% +190% 4,948 | 17,751 11,586 70 30 and fishery impact ratio between WCPO and EPO as 70% and 30% while maintaining th
proportion of small fish in WCPO lower than that of status quo).
Status quo Status quo Status quo JWG's request 05-3 (explored constant catch scenario achieving 20%SSB0 with 60% prd
11 +40% +120% +80% 6,015 | 17,540 7,191 80 20 and fishery impact ratio between WCPO and EPO as 80% and 20% while maintaining th
proportion of small fish in WCPO lower than that of status quo).
12 SPR30% - - - SPR30% Scenario F1719 multiplied 1.4

*  The numbering of Scenarios is different from those given by the IAWKIPFC NC Joint WG meeting.

* Fishing mortality in scenariB was kept at zero. The catch limit for scenario 12 is calculated to achieve SPR 30% and allocated to
fleets proportionately.

* The Japanese unilateral measure (transferring 250 mt of the catch upper limit from that for small PBF to that for laxged?BF d
2022-2034) is reflected in the projections.
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Table 4. Future projection scenarios for Pacific bluefin tunaThunnus orientalig and their probability of achieving various
target levels by various time schedules based on the basese model.

Harvesting scenarios Performance indicators
Scenarios Specified Probability of | __ Probability of | Probability of | Probability of | Probabilty of
fishery Fishery impact| Fishery impact achiving Risk to breach overfishing overfishing overfishing overfishing
WCPO EPO impact | MedianSSBal ' . ) SSBrye-at

Reference N 2034 ratio of WPO | ratio of EPO the 2nd least once b comparedto | comparedto | comparedto | compared to
Small Large Small Large  |wepd o fishery at 2034| fishery at 2034|  rebuilding 2041 Y 20%SSB0 at| 25%SSBO at| 30%SSBO at| 40%SSBO at

9 9 target at 2041 2041 2041 2041 2041

1 Status quo (WCPFC CMM2023-02, IATTC Resolution| - - 287,844 78% 22% 100% 0% 0% 1% 4% 20%

Maintaining the current CMM assuming maximum
2 9 L X 9 - - 308,868 7% 23% 100% 0% 0% 0% 1% 10%
transfer utilizing the conversion factor

3 No fishing allowed - - 536,653 86% 14% 100% 0% 0% 0% 0% 0%
tat tat tat
4 S ieug(;:uo S i;;yguo S i;gozuo - - 158,658 82% 18% 61% 8% 39% 57% 71% 89%
Status quo Status quo
5 Status quo + 180:717 . 180;1 - - 143,211 71% 29% 60% 19% 40% 57% 71% 90%
Status quo | Status quo Status quo
6 +20% +163% +108% - - 148,332 78% 22% 60% 18% 40% 56% 69% 89%
Status quo | Status quo Status quo
7 ooy, et oot - 156,324 80% 20% 63% 14% 37% 53% 67% 87%
Status quo | Status quo Status quo
8 +30% +30% +190% 70 30 158,245 69% 31% 61% 14% 39% 55% 68% 88%

Status quo | Status quo

Status quo
9 +55% +55% +8 00/? 80 20 162,242 79% 21% 63% 9% 37% 54% 69% 88%
Status quo | Status quo
Status quo
10 +10% +130% +190% 70 30 147,825 70% 30% 60% 19% 40% 57% 70% 89%
Status quo | Status quo
Status quo
11 +40% +120% +80% 80 20 153,985 80% 20% 61% 14% 39% 56% 69% 88%
12 SPR30% - - 190,088 7% 23% 99% 0% 1% 14% 43% 91%

* The numbering of Scenarios is different from those given by the IAWKKIPFC NC Joint WG meeting and is the same as Table 3.
* Recruitment is resampled from historical values.
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Table 5.

Expected yield for Pacific bluefin tuna Thunnus orientalig under various harvesting scenarios based on the basase

Harvesting scenarios Expected catch
Scenarios Catch limit in the projection 2029 2034
Reference No WCPO EPO WCPO EPO WPO EPO WPO EPO
Small Large Small Large Small Large Small Large Small Large Commercial Sport Small Large Commercial Sport
1 Status quo (WCPFC CMM2023-02, IATTC Resolution 21-04 4,475 7,859 3,995 4,184 8,219 4,010 1,797 4,179 8,232 4,011 2,005
2 Maintaining the current CMM ass.umlng maximum transfer utilizi 3,236 9,799 3,995 3,256 9,884 4,016 1,033 3,256 0,895 4,018 2,189
the conversion factor
3 No fishing allowed 0 0 0 0 0 0 0 0 0 0 0
Status quo Status quo Status quo
6,392
4 +60% +60% +60% 7,310 12,424 3 6,509 13,111 6,348 996 6,540 12,969 6,332 926
5 Status quo Stats quo Stats quo 4,475 21,555 11,186 4,386 21,718 11,223 1,033 4,383 20,799 11,224 1,055
g +180% +180% ' ' ' ' ' " ' ' ' ' '
Status quo Status quo Status quo
8,310
6 +20% +163% +108% 5,420 20,235 3 5,388 20,361 8,321 1,030 5,394 19,989 8,330 1,035
Status quo Status quo Status quo
7,670
7 +30% +131% +92% 5,893 17,789 5,727 17,911 7,669 1,035 5,739 17,717 7,673 1,026
Status quo Status quo Status quo
11,586
8 +30% +30% +190% 5,893 10,142 s 5,488 10,540 11,562 993 5,508 10,420 11,556 950
Status quo Status quo
Status quo
9 +55% +55% +80% 7,074 12,044 7,191 6,594 12,521 7,194 1,011 6,620 12,456 7,196 953
Status quo Status quo Status quo
10 +10% +130% +1900q/0 4,948 17,751 11,586 4,704 18,017 11,581 1,020 4,707 17,667 11,589 1,025
Status quo Status quo Status quo
11 +40% +120% +80°/[: 6,015 17,540 7,191 5,991 17,424 7,197 1,027 6,006 17,233 7,205 1,000
12 SPR30% 4,820 18,091 5,607 715 4,812 19,436 5,668 733

* Korean catch reflects the recent catch proportion for smalleagd, thus expected catches do not match with catch allocations.
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1. INTRODUCTION

Pacific bluefin tuna (PBFJhunnus orientaliss a highly migratory species of
great economic importance, predominantly found in the North Pacific Ocean. The
PBF Working Group (PBFWG) of the International Scientific Committee for Tuna
and Tundike Species in the North Pacific Ocean (ISC), estaldigm@996 s tasked
with conducting regular stock assessments. Thessasents involve compiling
fishery statistics and biological information, estimgt population parameters,
forecasting the population uedvarious harvesting scenarigsimmarimg stock
status, and developing conservation information. The results are submitted to two
Pacific tuna regional fisheries management organizations (RFMOs), the Western
Central Pacific Fisheries Commission (WCPFC) and the-kuteerican Tropical
Tuna Commisen (IATTC), for review andserveas the basis for management
actions (the Conservation and Management Measures (CMMs) of WCPFC and
IATTC resolutions).

The PBFWG completed the last benchmark stock assessment in 2020, followed
by the updated stock assessment in 2022 using fishery data from 1952 (Fishing Year,
FY) through 2020 FY (ISC 2022). The 2022 assessment model was developed and
tested using a suitef diagnostics. All diagnostic results did not indicate any fatal
misspecification of the assessment model; rather, they demonstrated the internal
consistency of the model and its good predictive skill of future biomass (ISC 2022).
The 2022 stock assessmeahcluded that (1) the 2020 (FY) spawning stock biomass
(10.2%SSB) fell between the biomass rebuilding targets (S&Bos22014 Of
6.3%SSRB and 20%SSH adopted by the WCPFC and IATTC, (2) the recent (2018
2020) F%SPR was estimated to produce a fishing intensity of 30.7%SPR, below the
level corresponding to overfishing for manybiased reference points proposed for
tuna species, including SPR20%, and (3) under all examined projection scenarios,
the second rebuilding target of WCPFC and IATTC, rebuilding to 20%S86Bthe
2029 fishing year (FY) (10 years after reaching the initial rebuilding target) with at
least 60% probability, would be reached, and the risk of SSB falling below the
historically lowest observed SSB at least once in 10 years would be negligible.

For the 2024 benchmark assessment, the PBFWG developed the population
dynamics model using fishery data up to the 2022 FY in Stock Synthesis (Methot
and Wetzel 2013). In developing the 2024 assessment model, the PBFWG used the
same philosophy underlyingeh2022 model structure. Additionally, the PBFWG
addressed the issues identified in the 2022 assessment model. For example, they
conducted research on new abundance indices (Fujioka et al. 2023, Yuan et al. 2024),
estimated coefficients of variation (CV)rféength at ages based on over 7,000
conditional age at length data (Tsukahara et al. 2024), elucidated the cause of the
systematic retrospective pattern in the SSB (Fukuda et al. 2023), developed a more
flexible assessment model to ensure convergencesgaiernative assumptions
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about the productivity of the stock (Fukuda 2021), and elucidated the importance of
parameter specifications in achieving a more stable solution and robust stock
assessment results (Lee 2023). These advancements were incorporated into the 2024
a s s e s sbase casednsdel.

The 2024 benchmark assessment of Pacific bluefin tuna was conducted during
29 Febl11 April 2024. This report summarizes the assessment results using newly
available seasonal fishery data (i.e., catch, discards, size composition data) and
annual abundancedex through the 2023 calendar year.

I n this report, Ayear o denotes the fis|
specified. Relationships among calendar year, fishing year, and year class are shown
in Table 1. A fishing year starts on the 1st of July and ends on the 30th of June of
the fdlowing year. The 1st of July is assumed to be the date of birth (recruitment)
for PBF in the model. For example, the 2022 fishing year corresponds to the period
from the 1st of July, 2022, to the 30th of June, 2023.
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2. BACKGROUND on BIOLOGY and FISHERIES

2.1. Biology
2.1.1. Stock Structure

Bluefin tunas in the Pacific and Atlantic Oceans were once considered a
single species Thunnus thynngswith two subspeciesThunnus thynnus
orientalisand Thunnus thynnus thynnuspectively), but are now recognized
asdistinctspecies Thunnus orientalisndThunnus thynnysespectively) based
on genetic and morphometric studies (Collette 1999). This taxombstinction
is adopted byertinenttuna RFMOs, the Food and Agriculture Organization of
the United Nations (FAO), and ISC.

The major spawningroundsof PBF are found in the western North Pacific
Ocean (WPO): one is in waters between the Ryukyu Islands in Japan and the
eastern coast of Taiwan, another one is in the southern portion of the Sea of Japan
(Schaefer 2001), and the other possible one isndrdlbie KuroshieOyashio
transition area in the coastagionof northeastern Japan (Ohshimo et al. 2018,
Tanaka et al. 2020) (Figure1d. Conversely no evidence of PBF reproduction
has been observed the easterrPacific Ocean (EPO) (Dewar et al. 2022).
Studies orthe natal origins of adult PBFs caught either in the waters around the
Ryukyu Islands or in the Sea of Japadicate that they originatieom both of
these spawning grounds (Uematsu et al. 2018)il&ly, elemental analysis of
otoliths indicates that adult PBFs caught in the waters around Taiwan also
originate from both known spawning grounds (Rooker et al. 2021).
Additionally, age-1 PBFs caught in EPO have been tdaback toboth known
spawning grounds using trace elements in their otoliths (Wells et al. 2020).
These findingssupport the notiorof a single stock for PBFs, as there is no
significant differencein the natal origin between the two known spawning
grounds. Genetics and taggistudies(e.g., Bayliff 1994, Tseng and Smith
2012) furthersupportthe assumption of a single stock for PBFs. Aiew
conducted byNakatsuka (20203oncluded that there is no evidence exclusively
suggesting the existence of multiple stocks a&fxaminng available genetic and
reproductive information, otolith and vertebrae data, and fishery data
result a single stock is adopted in the PBF assessment within the ISiS and
acknowledgedy RFMOs (WCPFC and IATTC).

2.1.2. Reproduction
PBFs are known as iteroparous spawnsrsaningthey spawn multiple
times throughout their lifespan. Spawning events are confined to specific areas
and seasons: from April to July in the waters surrounding the Ryukyu Islands
and off easternTaiwan, and from July to August in the Sea of Japan. These
conclusions arelrawn from histological studies on PBF gonads (Yonemori
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2.1.3.

1989, Ashida et al. 2015, Okochi et al. 2016, Ashida et al. 2021, Ashida et al.
2022) and the distribution of PBF larvae (Yabe et al. 1966). Recent histological
studies showed that approximately 80% of fisleighing around30 kg
(corresponding to 3 years old or age 2.75 in the assessment model) caught in the
Sea of Japan from June to August were mature (Tanaka 2006, Okochi et al.
2016).Nearlyall fish caught in the watesurroundinghe Ryukyu Islands and
eastern Taiwan welarger thar60 kg (> 150 cm fork length (FL)) (Chen et al.
2006, Ashida et al. 2015). These fish were at least 5 years old (age 4.75 in the
model) and allveremature.

In addition, active spawning females (Ohshimo et al. 2018) and larvae
(Tanaka et al. 2020pave beerrecently observedin the KuroshieOyashio
transition area (Figure-2). Given the velocity of the Kuroshio current, the
presence of spawning females, andgtesence ofarvae, there is podslity of
another spawning ground from May to August in this region. However, it
remains to be verified if these PBF larvae can recruit to the stock.

Although large PBF$iavealso been loservedin the EPO, particularly in
recent years SoutherrCalifornia, Dewar et al. (2022) reported no evidence of
PBF reproduction in the EPliased ornistologicalexamination®f ovatiesand
ichthyoplankton data.

Distribution and Movements

PBFs are mainly distributed in subtropical and temperate latitudes between
20° N and 50°N, althougkheyare occasionallgncounteredhn tropical waters
and in the southern hemisphere (Figw®) ZSmith et al. 2001).

Despitesubstantiainter-annual variationsy movementn terms olhumbers
of migrants, the timing of migration, and migration roytd® movements of
PBFs are among the most extensively documented among highly migratory
species Mature adults in the WPO typically migrate northward to feeding
groundsfollowing spawning, although a small proportion of fish may move
southward or eastward (Itoh 2006). Fégfed 0-1 that have hatched in the waters
surrounding the Ryukyu Islands and eastern Taiwan migrate northward with the
Kuroshio Currenduringthe summer as they grow, idageO fish that have
hatched in the Sea of Japan migrate along the coastlines of Japan and Korea
(Inagake et al. 2001, Itoh et al. 2003).

Depending on oceanic conditions, ameterminegortion of immatureish
agal 1-3 in the WPO makes a seasonal clockwise eastward migration across the
North Pacific Ocean (stable isotope in muscle tissues: Tawa et al. 2017, Madigan
et al. 2017), spending several years as juveniles in the EPO before returning to
the WPO (Inagake etl.a2001). The mechanism behind this trieific
migration is hypothesized to be driven by limitatioméood sources in the WPO
and favorable oceanographic conditions (Polovina 1996). While PBFs are in the
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2.1.4.

EPO, juveniles make seasonal nestiuth migrations along the west coast of
North America (Kitagawa et al. 2007, Boustany et al. 2010). In spring, PBFs are
found in the waters off the southern coast of Baja California, arsdirasner
approaches andaters warmthey move northwest into the southern California
bight. By fall, PBFs ardistributedin the waters off central and northern
California. After spending -3 years in the EPO, PBFs migrate westward,
presumably for purposes of spawning, as no spawning groundsblean
observed outside dhe WPO. This westward migration typically occurs from
December to March as PBFs begin their migration along the coast of California
(Boustany et al. 2010). The consideratdasonal (Fujioka et al. 2021) anter-
annual variationsn transPacific movement nie it challengingto quantify
migration rates awrately

Growth

Age determination of PBF has beestablished through various methods
such as vertebral ring counts (Aikawa and Kato 1938), scale ring counts
(Yukinawa and Yabuta 1967), tagcapture studies (Bayliff et al. 1991), and
otolith observations (daily increments: Foreman 1996; annual rings: Shimose et
al. 2008, 2009, Shimose amdkeuchi 2012). A standardized technique for age
determination of PBF based on otolith samples was developed at the Pacific
Bluefin and North Pacific Albacore Tuna Age Determination Workshop in 2014
(Shimose and Ishihara 2015) thye ISC This workshopnitiatedthe largescale
age determination @nnuli rings of otolith samplder PBF collectedrom troll,
purse seine, setet, handline, and longline fisheries landed at Japan and Taiwan
between 1992 and 201%he work also examindtie daily increments of otolith
samples caught by the troll and -set fisherieson the west coast of Japan
between 2011 and 2014. In addition to analyzing the number of opaque zones in
otoliths, postbomb radiocarbon dating was used to validate age estimation, and
the results were consistewith otolith thin sections (Ishihara et al. 2017).

Fukuda et al. (2015b¥urther contributed byestimaing growth curves

based orthe analysis oAnnuli data from 1,782 fish (70Z&/1 cm in fok length
[FL], corresponding to -P8 years old) and daily increment data from 228 fish
(18.660.1 cm in FL, corresponding to 853 days old after hatching). Their
analyses indicated annual and seasonal variability in growth rates, particularly
with PBFs ehibiting rapid growth during the first six months after hatching
(Fukuda et al. 2015a). To estimate growth curves based on the data described
above, twomethods were testeétirst, a traditional estimation method treated
the paired agéength dataderivedfrom annuli and daily rings, as random at age,
and the fitting procedure was optimized outside the integrated assessment model.
Second, a lengthonditional method used the same-&gegth data but treated
them as random at length (referred to as conwitiageat-length (CAAL) data);
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TheseCAAL data were incorporated into the integrated stock assessment models
to simultaneously estimate growth parameters with underlying population
dynamics (Piner et al. 2016, Lee et al. 2017). Fukuda et al. (2016) explored
variousgrowth patterns using both traditional and lerginditional methods in
the earlier integrated model runs. They found that the simple VBGF model
(using traditional metlod) and the seasonal growth model (usilegpgth
conditional methoy better fit the length compositions than the other growth
models. Howeveras the CAAL datadid not adequately represent the age
structure of the population due to-mmodeled agdased movement and possible
sampling bias, including these CAAL data in the integrated modehttaduce
bias and imprecision in estimates of growattdpopulation dynamics (Lee et al.
2019). Consequentlyhe PBFWGadoptedhesimple VBGF using #raditional
method Fukuda et al. 2015b) in the 2016 assessment. In 28@Bara et al.
analyzed the same dataset using different sampling methods to estimate growth
parameters and revealed that the growth rate and asymptotic length were robust
and estimated similarly to Fukuda et al. (2015a) regardless of sampling methods.

The examination of variancés length at age was also conducted using a
dataset consisting of over 7,000 paired-Eggth samples collected between
1992 and 2022 (Tsukahara et al. 2024). Themeed length at ageamples
showeda gradual decrease in CV of length across ages from 15% to 7% for ages
2-7, stabilizing at %% for those aged 8 and older. It was hypothesized that the
CV of length at ages 0 and 1 would be higher despite the absence of estimates
for these ages (referertas Figure 1 in the ISC 2024). These samples were
subsequently integrated into the previous assessment model as CAAL data to
estimate CVs of I ength at age. This int
expectations necessitated an understanding of thetagture of the population,
with CAAL data predominantly used within population dynamics models (Piner
et al. 2016, Lee et al. 20L7A quastagestructured production model with
recruitment variation (ASPM-R) was produced, wherein the recruitment
deviations and lengthased selectivity were specified at MLE from the previous
assessment model. The sesdtated parameters and dggsed selectivity were
estimated to eliminate the influence of the lengtimposition data on the CV
estimation (Tsukahara et al. 2024). The CV estimate a agges approximately
28%, gradually decreased to around 4% by age 3. The heightened CWoat age
was potentially attributed to the variation in size among@fsh orighating
from the two spawning grounds with distinct main spawning peralttsough
the assessmennodel assumed that age fish originated from a singular
spawning groundor the sake of simplicityThe 2024 assessment applied the
CVs of lengthestimated by Tsukahara et al. (20&8Be section 4.2.2)

The growth curve assumed in thissessment was generally consistent with
previous studies (Shimose et al. 2009, Shimose and Takeuchi 2012, Shimose and
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Ishihara 2015, Fukuda et al. 2@} 5fish grow rapidly up to age 5 (approximately
160 cm FL), after which growth slows down (Figur8)2By age 12, the fish
reach 226 cm FL on average, corresponding to 90% of the maximufor FL
PBF Fish larger than 250 cm FL are primarily older than age 20, indicating that
the potential lifespan of this species is at least 20 years. Fish larger than 300 cm
FL are rarely found in commercial catchdhe growth parameterization is
detailed further in Section 4.2.

The lengthweight relationship of PBF, based on the von Bertalanffy growth
curve used in this stock assessment, is shown in Tabken? Figure 4.

2.1.5. Natural Mortality

Natural mortality coefficientsM) are one of the most difficult parameters
to be reliably estimated in the stock assessment model based on the simulation
studies (Lee et al. 2011, Lee et al. 20M2jor the 2024 assessment was assumed
to be agespecific: high at a young age, dectiagss fishmature and stabilizing
afterwards (Figure-B).

Natural mortality for ag® fishwas derived from findings afonventional
tagging studies conducted on PBF (Takeuchi and Takahashi 2006, Iwata et al.
20124, Iwata et al. 2014). In the absence of direct estimates beyond age 0, natural
mortality for agel fish was esthatedbased on lengthdjustedM values derived
from conventional tagging studies conducted on southern bluefin tuna
(Polacheck et al. 1997, ISC 2009). This adjustraeobunted fothe differences
in the life-history between PBF and southern bluefin tuna. A constant natural
mortality coefficientfor mature fishwasthenderived from the median value
obtained through a suite of empirical and-history based methods to represent
age 2 and older fish (AiregaSilva et al. 2008, ISC 2009). Whitlock et al. (2012)
estimatedM for age 2 and older PBF based on tagging data released from the
EPO, where young fish {8 years old)are commonly foundHowever, it is
important to note that using estimats from Whitlock et al (2012) has faced
criticism due to the incomplete tagging samples, which solely represent the EPO
population This stock assessment used the sémechedule as previous
assessmentRefer tosection 4.2.5 for detailed inforation onthe actual model
settings for theM values.

2.2. Historical Trends and RegionalPerspectivesn PBF management
The main fisheries from each fishing n
measures are summarized in this sectionlevthe fleet structures and associated
data used in the stock assessment are summarized in section 3.3 (fishery
definitions).
While PBF catch records wesparseorior to 1952, some PBF landing records
dae back to 1804 from coastal Japan and the early 1900s for U.S. fisheries
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operating in the EPQRPBF catch estimatewere high from 1929 to 1940, with a
peak catch of approximately 47,635t (36,217 tin the WPO and 11,418 t in the EPO)
in 1935 but sharply declined duringVorld War 1. PBF catches increased
significantly after 1949 as Japanese fishing activities expanded across the North
Pacific Ocean (Muto et al. 2008).

By 1952, most fishing nations hadlopteda more consistent catch reporting
processFrom 1952 to 2022annual catches of PBF by ISC member countries
exhibited widefluctuaions (Figure 26). Among thesenations five countries
mainly harvest PBRyith Japareading in catchedollowed by Mexico, the USA,
Chinese Taipei, and Korea. Althougitches in tropical waters and in the southern
hemispheréavehistorically been small and sporadibere was a notable increase
in the southern hemisphere catch in 2020, reaching around 50 tons (WCPFC
2023). During this period, reported catches peaked at 40,383 t in 1956 and 34,612
t in 1981, reacimg the low of 8,653 t in 1990, followed by an increase to over
30,000t in 2000and 2004 befordeclinng to about 12,000 t in 2017

The trendncat ch i s associated with RFMOsO® n
the WCPFC started the conservation and management measures to regulate catches
of small PBF (<30 kg in body weight) within its convention area (WCPFC CMM
201004). The catch limit was further reduced2014 (WCPFC CMM 201-89)
and 2015 (WCPFC CMM 201@4) to ensure thathe catches of small PBF
remained below 50% of the 20@P04 average level, and the catcbEwmrge PBF
(>30 kg in body weight) remained below the 2@D4 average level. In ¢h
IATTC area,conservationand management measures were thioed in 2012
(IATTC resolution G12-09) to regulate the catches for all simngesof PBF
within its convention area. Additional reductions in catch limise established in
2015to ensure thatiotal commercial catches remained below 6,200.ton2021,
both the WCPFC and IATTC adopted the new conservation and management
measures for PBF to be implemented for 20024, allowing for an increase in the
catch upper limits to catch large PBF el¢urrent measures (WCPFC CMM 2023
02 and IATTC resolution 23-01) limit the catch in WCPFC and IATTC
convention areas to less thaf,334tons annually and 7,990 tons biannually,
respectively.

While a suite of fishing gears catches PBF, most of the catch is from purse
seine fisheries (Figure-2). In Japanmajor active PBF fisherigacludelonglines,
purse seines, trolling, and setts andsomeother gear types such as peolst
lines, drift nets, and hadihes used to take a considerable amount of catbhest
of PBFfisheriesin Japanoperateinside of itsExclusive Economic Zone (EEZ).

The distarwater longline fisheries also catch PBF, but their catch is small
compared to other activbBsheries. Overall, total annual catches by Japanese
fisheries have fluctuated between a maximum of 34,000 t in 1956 and a minimum
of 6,000 t in 1990 (calendar year). More details of Japanese fisheries taking PBF
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can be referred to Yamada (2007) and section 3 (longline fishery: Section 3.5.3;
purse seine fishery: Sections 3.5.4, 3.5.7, 3.5.8, 3.6.3, 3.6.4, and 3.6.5).

In the United States of America (U.S.), two major active PBF fisheries (purse
seine and recreational (sport) fisheries) catch PBF off the west coast of North
America.lnitially, the U.S. purse seine fishdmgrvested large amount of PBF for
canning in the waters off Baja California until Mexico established its EEZ in 1976,
leading to the exclusion of U.S. purse seine vessels. Subseqa#atly,983, the
U.S. purse seine fishery opportunisticalfught PBF$Aires-da Silva et al. 2007).
Currently, the majority of PBF catch in the U.S. is from recreational fisheries in
U.S. and Mexican waters (Heberer and Lee 2019).

The Mexican purse seine fishezyperiencedapid development after Mexico
established its EEZ and is now the most important large pelagic fishery in Mexico.
This fishery is closely monitoretthroughan atsea observer program with 100%
coverage, captainsd | ogbooks and Vessel
stereoscopic cameras (Dreyfus and AdlesSilva 2015, Dreyfus 2018). While
seine sets target yellowfin tuddunnus albacarefthe dominant species in the
catch) in tropical water?BFs are caught near Baja California for farming. The
Mexican PBF catch history recorded three large annual catches (above 7,000 t) in
the years 2004, 2006, and 2010.

In Korea, PBF ar@rimarily caught by the offshore large purse seine fishery
(OLPS), althoughthere have been perts of smallamountsof catchesdrom the
coastal fisheries in recent years. The catch of the OLPS fishery was below 500 t
until the mid1990s, peaked a2,601 t in 2003, and since then has fluctuated
between600 tand1,900 t. In 2018, the catch of the OLPS fishery was 523 t. The
main fishing ground of the OLPS fishery is off Jeju Islamith the vessels
occasionally operatg in the Yellow Sea and the East Sea (Yoon et al. 2014, Lee
et al. 2018).

The amount of PBFs caught by the Taiwanese fisheries (including srad!
longline, purse seine, largeale pelagic driftnet, set net, offshore and coastal
gillnet, and bottom longline fisheries) was small (<300 t) between the 1960s and
the early 1980sAfter 1984, the total landinggraduallyincreased to over 300 t,
mostly due to the smadicale longline vessels (<100 gross registered tonnage
(GRT)) targeting spawners for the sashimi market from April to June. The highest
observed catch was 3,000 t in 1988lowed by a rapidlecline to less than 1,000
t in 2008 and a subsequent drop to about 200 t in 2012. The catch then slightly
increased to around 500 t in 2018 and showed a significant increase to more than
1,800 t in 202.
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3. STOCK ASSESSMENT INPUT DATA

3.1. Spatial Stratification

PBFs are widely distributed across the North Pacific Ocean and are considered
to be a single stock (Nakatsuka 2019). Juvenile PBFs move between the western
Pacific Ocean (WPO) and the eastern Pacific Ocean (EPO) (Itoh et al. 2003,
Boustany et al. 2010) bafe returning to the WP@r spawning. However, due to
the absence of direct information on movement rates, a true spatial model has not
yet been used for assessment purposes. Instead, this and previous asseagenents
relied on the assumption an instantaneously mixed population and have
incorporated regional selection patterns to implicitly model space (referred to as the
Aar-asbbeets approacho, Waterhouse et al . :
asfleets approach used by the PBFWG vweamluated in a simulation study,
indicatingthatwhile the use of alternative model procesges, selectivities)s not
as effective as a true spatially explicit model, management quantities can still be
well estimated when fishery selection is properly set up to account for both
availability (spatial patterns) and contact gear selectivity (Lee et al. 2017). The
dewelopment of aspatially explicit modetemainsto be an area for future research.

3.2. Temporal Stratification
AfAfishing year o i somdely I todue 3sfthehe per
following calendar yearFor examplethe 2@2 fishing yearspans fromjuly 1%,
2022to JuneB0", 223. Unlesstatedot her wi se, the term fAyear
to the fishing year. The assessment of RB¥ersthe period fom 1983 to 2022
with catch and size composition data compiled quarterly as fallows
Season 1July-September,
Season 20ctoberDecember,
Season 3JanuaryMarch, and
Season 4April-June.
Recruitment is assumed to occur at the
the calendar month) in the assessment modelrdlhgonships between calendar
year, fishing year, and year class are shown in Tathle 1

3.3. Fishery Definition
A total of X fisheries werealelineatedor the PBF stock assessment based on
stratification of country, gear type, season, area, and size of fish caught (-Table 3
1). Bdow are the epresentative fisheries for eaftbet:
Fleet 1 Japanese longline fisheries RIR.L) for all seasons for 188-1992, and
for season 4 for 1992016,
Fleet 2 Japanese longline fisheries (JPN_LL) for sease®d$adat 19932016 and
all seasons for 2012022,
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Fleet 3 Taiwanese longline fishery (TWN_LL) in southern fishgrgund for
19832022,

Fleet 4 Taiwanese longline fishery (TW_LL) in northern fishing ground for
20002022,

Fleet 5 Japanese tuna purse seine fishery off the Pacific coast of Japan
(JAN_TPS_ PO) for 1982022,

Fleet 6 Japanese tuna purse seine fishery in the Sea of Japan (JPN_TPS_SOJ) for
19832022,

Fleet 7 Japanese tuna purse seine fishery in the Sea of Japan for farming
(JPN_TPS_SOJ Farming) for 202622,

Fleet 8:Japanese small pelagic fish purse seine fishery in the East China Sea
(JPN_SPPS) for seasons 1, 3, and 4 for 2982,

Fleet 9: Japanese small pelagic fish purse seine fishery in the East China Sea
(JPN_SPPS) for season 2 for 19882,

Fleet-10: Japanese small pelagic fish purse seine fishery in the East China Sea for
farming (JPN_SPPS Farming) for 202@22,

Fleet 11 Koreanoffshore large scale purse seine fishery (KOR_LPPS) for-1983
2022,

Fleet 12 Japanese troll fishery (JPN_Troll) for seasord for 19832022 ,
Fleet 13 Japanese troll fishery (JPN_Troll) for season 1 for 12@%2,
Fleet 14 Japanese troll fishery for farming (JPN_Troll Farming) for season 1 for
19982022,

Fleet 15 Japanese pole and line fishery (JPN_PL) for 12822,
Fleet 16 Japanese setet fisheries (JPN_Setnet) for seasoiBsfar 19832022,

Fleet 17 Japanese seiet fisheries (JPN_Setnet) for season 4 for 18822,

Fleet 18 Japanese seiet fisheries in Hokkaido and Aomori (JPN_Setnet
(HK_AM)) for 1983-2022,

Fleet 19 Japanese other fisheries (JPN_Others), mainly ssualé fisheries in

the Tsugaru Strait for season 2 for 19822,

Fleet 2Q Eastern Pacific Ocean commercial purse seine fishery (U.S. dominant)
(EPO_COMM¢(2001)) for 19822001,

Fleet 21 Eastern Pacific Ocean commercial purse seine fishery (Mexico
dominant) (EPO_COMM(2069 for 200:2022,

Fleet 22 Eastern Pacific Ocean sports fishery (EPO_SP@Pfct 20142022,

Fleet 23 Eastern Pacific Ocean sports fishery (EPO-ZH(3)) for 19832013,

Fleet 24 Unaccounted mortality fisheries (in weight) in WPO
(WPO_Disc_Weight) for 2022022,

Fleet 25 Unaccounted mortality fisheries (in number)rO

(WPO_Disc_Num) for 1992022,

Fleet 26 Unaccounted mortality fisheries (in number) in EPO (EPO_Disc_Num)
for 19992022.

31



Certain fsheries, characterized by minimal PBF catch, were integrated into
fleets with similar siz&ompositions. This determination was informed by expert
insights from each country, emphasizing consistent compositions. For example, the
catches from Korean trawl, set net, and troll fisheries were consolidated into Fleet
11. Taiwanese purse seine catclvese designated to Fleet 6. The driftnet catches
from Japan and Taiwan were allocated into season 1 of Fleet 15, with the remaining
Taiwanese catches, excluding longline fisheries, allocated to season 4 of the same
Fleet. Japanese miscellaneous catchesdasons-B were included into Japanese
set net Fleet 16, and those for season 4 were designated to Fleet 17. Additionally,
the residual Japanese catches, comprising trawl and small longline catches, were
accommodated within Fleet 19. P@€114 catchesrém norlSC members,
including New Zealand and Australia, were incorporated into Fleet 3.

3.4. Catch andDiscard Data
3.4.1. Catch data

While fisheries catching PBF have been operstl since at least the early
20" century in the EPO (Bayliff 1991) and for several centuries in the WPO (Ito
1961), detailed fishery statistics, particulaidym the WPO, were not available
before 1952Therefore, 195%as chosen as the starting yéar previousstock
assessmentiue to the adoption @ more consistent catch reportimgpcessand
the availability of catchandeffort datafrom the Japanedengline fleet from that
year onwardsThese assessment models faced challenges due to relatively data
poor periods befor@d980, which constrained the estimation of productivity of
population dynamics and led to convergence issues when alternative assumptions
were examined. During the course of model improvement, a short time series
model was developed to enhance flexibilityreducing these dafaoor periods
(Fukuda 2021, Fukuda et2022).

In this assessment, the shpdriod model starting in 1983 serves as the base
case modelThroughout the assessment period, the total annual catch fluctuated
widely, with the historical maximum and minimum total catatee®rded irany
calendar yeabeing33,975t in 2000and 8,585 t in 1990, respectively (Table 3
2, Figure 26). Annual catches averaged about 14,0@¥dr the last decade
(2013-2022). The majority of PBF cales wereattributed to the purse seine
fisheries including thelapanese tuna purse seine fishery operating off the Pacific
coast of Japan (Fleet 5), the U.S. purse seine fishery (#deatith a large
portion of the catch until the 1990s, the Japanese small pelagic fish purse seine
fishery in the East China Sea (Fle8tand 9), the Japanese tuna purse seine
fishery in the Sea of Japan (Flégtthe Korean Offshore larggrale purse seine
fishery (Fleet 11), and the Mexican purse seine fishery (EB€Figure 32).

For the assessment model, catches were compiladerlyfor each fleet
(Table 33). Quarterly catche$or some fisheries durinthe early period were
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3.4.2.

estimated by applying recent quarterly catch proportions to annual catchslata
seen irnFleets 8 and 9 before 1994 (Kai 2007a). For most fleets, recent quarterly
catches were directly derived from logbook or landing statisBosnefleets
primarily operate in only one season, such as Fl@etvthich includes small

scale Japanese fisheries (e.g., trawl, small longline, efth)their annual total
catchallocated tdSeason 2. Catch data for the stock assessment were expressed
in tonsfor all fleets except for Fleets 7, 10, 14, 22, 23, 25, éd/Rere quarterly
catches were expressed in thousands of fish (Figie Bhe quarterly catch

data were updated up to Season 4 of the fishing ye& (2023 calendar year
Quarter 2).Corrections were made in the terminal year of the previous
assessment (20 FY) asfishery data in the terminal year are often provisional
and subject to corrections whenalized as the official statistics.

UnaccountedM ortality

It is recognized that recent impactful management measures may have
altered fishery practices. The PBFWG has agreed thaagbessment should
include catches from "unaccounted mortalitfSC 2019). "Unaccounted
mortality” refers to fisheynduced deaths not reflected in landing dathich
can includepredation fromsportfishing catcheanddiscard mortalities. Japan
(Nakatsuka and Fukuda 2020), Korea (Lee et al. R@2@ the U.S. (Piner et al.
2020) provided discard information in response to PBFWG recommendations.
Mexico indicated no reported discard or podease mortality from the
IATTC/AIDCP onboard observers with a 100% coverage rate. Taiwan also
stated no gin of releasing PBF from their fisheryjtiwa sufficient margin in
their fishing quota.

Fleet 24 (unaccounted mortality fisheries from WPO, 21022) includes
estimated dead discards from Japanese fisheries (setnet, purse seine, longline,
troll, etc.) and Korean purse seine fishedgsweight Meanwhile,Fleet 5
(Unaccounted mortality fisheries in WPO, 198&2) and Fleet 8
(Unaccounted mortality fisheries in EPO, 198%2) include estimated dead
discards from Japan fisheries for penning (troll and small pelagic purse seine)
and from U.S. sport fisheries, respectivély number.

Japanese discard mortalitas beerestimated as 5% of reported catch for
all Japanese fisheries since 201¢omgizing the significance d?BF release
(Nakatsuka and Fukuda 2020), and Korean discard amoenésestimated in
the same manner (Lee et al. 2DZBleet 24). Fleet 25, representing discards
from Japan fisheries for penning, is assumed to be the same as the reported catch
for the Japanese troll fishery for penniiideet 14)and 5% of the reported catch
of the purse seine for pennifigleets 7 and 10}or the U.Ssportfishery (Fleet
26), catches, releases (discards), and predation events of hooked fish are
recorded in California Commercial Passenger Fishing Vessels logbooks. An
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estimate of release mortality and subsequent discard mortality numbers were
developed for this fleet, withraortality rate (6%) determined througdndom

effect inverse variance metealysis (Piner et al. 2020). Taxcount forthe
uncertainty of these removals, the CV for these unaccounted mortality feeets w
set at the higher value (0.3).

3.5. Abundance Indices

3.5.1.

3.5.2.

Overview

PotentialCPUEbased abundance indices discussed in the ISC PBFWG are
detailedin Tables 3-4 and 35, and Figure3-3. These series were derived from
fishery-specific catch and effort data, standardimethgappropriate statistical
methods. In the previous assessment, the PBFWG used four longline CPUE
series as adult abundance indices: Japalweggine (19932019), Japanese
longline (19521973), Japanese longline (197992), and Taiwanese longline
in the south fishing ground (20020). Additionally, a Japanese troll index
(19802016) served as the recruitment index for the4zase model (ISC 2022).

In this assessment, three longline CPUE series serve as the adult abundance
indices: Japanese longline (192319), Japanese longline (197292), and
Taiwanese longline in the south fishing ground (2R022). Also, a Japanese
troll index (19802010) sered as the recruitment index. While the indices used
in this assessment are not substantially different from those in the previous one,
further details and decisions will be addressed in the following sections.

The input coefficients of variation (CV) for abundance indices were
uniformly set at 0.2 for all indices, years, and seasons when the CV statistically
estimated by the standardization model was below 0.2. In instances where the
CV estimated by the standadtion model exceeded 0.2, the actual CV value
was utilized to accurately depict the sampling variability for the observation
(Table 36). This approach mirrors that of the previous assessment conducted by
PBFWG in 2022.

Japanese Longline CPUE indices (Sdnd S2)

While Japanese longline indices have traditionally been a crucial indicator
of spawning stock trends, they were discontinued after 2020 due to the
implementation of an individual quota scheme in the 2020 FY (Tsukahara et al.
2022). Substantial declines aatch and nominal CPUE for this fishery during
the main fishing season (April to June) in the 2020 FY were observed, despite
recent increases in catch within their allocation. To mitigate the potential impact
of changes in catchability resulting from thewnmanagement scheme on the
CPUE time series, data from 2020 onwards were excluded from standardization
for this assessment.
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3.5.3.

Derived from logbook data, Japanese longline CPUE indices comprise two
components: one for coastal operations G8$3) and one for offshore and
distant water fisheries (ptE993). The offshore and distant water longline CPUE
index used in the 2024 stoelssessment covers the period from 1983 to 1992
(S2; Yokawa 2008), while the coastal longline CPUE index (S1; Tsukahara et al.
2022) covers the period from 1993 to 2019.

Reviewing the coastal longline CPUE for the recent period revealed a trend
of smaller fish sizes caught since 2017 compared to previous years. This shift
could be attributed to various factors such as changes in fish availability,
alterations in fishery @rations like area or season, or a combination of both.
While the exact cause of this change remained unclear, an additional data
filtering method was introduced to maintain consistent size selectivity over time
by excluding smaikized fish (Tsukahara at. 2022).

Japanese Troll CPUE index (S3, S4)

While the Japanese troll index has been traditionally proven to be an
informative indicator of recruitment, it was discontinued after 2017 due to the
implementation of an individual quota scheme and minimumlsiges in the
2017 FY (Nishikawa et al. 2021). Substantial increases in live releases at sea
were observed thereafter. Notably, the data points from 2017 to 2020 of the
Japanese troll fishery index were not included in the likelihood function of the
previous assessment.

The index is derived from catch and effort data collected from five fishing
ports in the Nagasaki prefecture from Japanese coastal troll fisheries targeting
age 0 PBF. The troll fishery in the Nagasaki prefecture dominates Japanese troll
catch, and the fieery can target age 0 PBF from both spawning grounds (Ryukyu
Islands and the Sea of Japan) due to the geographical location of the troll fishing
ground (Ichinokawa et al. 2012). The units of effort in the catch and effort data
are the cumulative daily nurab of days of unloading troll vessels, which is
nearly equivalent to the total number of trolling trips because most troll vessels
make oneday trips. The effort data only records information when at least one
PBF is caught; zero catch data is unavailaliterefore, a lognormal model was
applied for the standardization of the CPUE (S3).

The troll index pos2010 was identified as the cause of the negative
retrospective pattern in the previous assessments (Fukuda 2023). The substantial
increase in catch for juvenile PBF farming after 2010, coupled with the
implementation of mandatory liceimg for troll vessels starting after 2010, may
have compromised the representativeness of the troll index after 2010. To
mitigate the potential impact of changes in catchability resulting from the
aforementioned changes in operations, this index (S3) wsasl in this
assessment for the 192810 period only.
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An alternative information on recent recruitment trends was examined using
the newly developed standardized CPUE index from the Japanese troll
monitoring program for 2022023 (S4; Fujioka et al. 2023). This index,
however, is also impacted by the same ag@ment measures (implementation
of an individual quota scheme and minimum size limits), resulting in possible
changes in catchability from 2017. In 2021, a supplementary monitoring
program called the charter monitoring (CM) program was started. This CM
program chartered the same troll monitoring vessels to continue fishing even
after their quota was reached, for a maximum of 10 days per fishing season.
Although it was viewed premature to include this index in the-base model,
it was still considered #t the index provided a good qualitative indication of
recent recruitment trends. This index (S4) is included for the sensitivity analysis
of the assessment and projections (See 4.5.7 and 5.5.1) but is not used in the base
case model.

3.5.4. Taiwanese Longline CPUE indices for southern area (S514)

An adult index of relative abundance was developed using data from
Taiwanese longline fishing operations. The fishing grounds of the Taiwanese
longline fleetare dividednto southern and northern areas, \iite southern area
historicallyregarded as the main fishing ground in terms of both catch volume
and historicaimportance. The CPUE utilized in previous and this assessments
was derived from operations in the southern area and standardized using a
Generalized Linear Mixed Model (GLMM) approach (S5: 2Q022, as
detailed by Yuan et al. 2@

The development of this index followed a mgtep process: (1) estimation
of PBF catch in terms of fish numbers from landing data in weight for the year
2003 based on Markov Chain Monte Carlo (MCMC) simulation techniques, (2)
determination of fishing dayfor the years 2002009 using data from the vessel
monitoring system (VMS) and voyage data recorder (VDR), (3) calculation of
fishing days for the years 20@®06 based on vessel trip information,
establishing linear relationships between fishing dagsdays spent at sea for
each trip, categorized by vessel size and fishing port for-2002, and (4)
estimation and subsequent standardization of CPUE (catch per unit effort,
measured in fish number per fishing day) for the years-20Q2, as outlined
by Yuan et al. (202).

In addition to the aforementioned indices, the assessment model also
incorporates nine additional indices from the Taiwanese longline, although they
are not included in the likelihood function. These supplementary indices
encompass variowspects of CPUE standardization such as spatial extent, type
of statistical model used, or ageoup specificity:
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An index representing both the southern and northern areas derived from
the GLMM model for the years 2002 to 2022 (denoted as S6).
Two indices for the southern or combined areas, derived from a
spatiotemporal model covering the period from 2006 to 2022 (denoted as
S7 and S8).
Six indices representing the combined area categorized by age classes,
including all age classes (designated as S9), as well as specific age ranges
such as @, 911, 1214, 1517, and 18+ (denoted as S304).
These indices are currently under evaluation for potential integration into
future stock assessments, highlighting the ongoing efforts to refine and enhance
the assessment methodology.

(@4

O«

3.6. Size composition data
3.6.1. Overview

Quarterly size composition data (length or weight) for PBF from 1952 to
2022 were compiled for the stock assessm@iatble 37, Fig. 34). All length
data (fork length (FL)) were measured to tiearest centimeter (cm), Wdn
weight data were measured to the nearest kilogram (kg). In the assessment
model, the length data wastegorized intdoins of 2, 4, and 6 cm width,
representindish lengths 0fl6-58, 58110, and 114290 cm FL, respectively.
Weightcomposition data wererganizednto the followingbin sizes (0, 1, 2, 5,

10, 16, 24, 32, 42, 53, 65, 77, 89, 101, 114, 126, 138, 150, 161, 172, 182, 193,
202, 211, 220, 228, 236, 243, and 273 kg). This bin strategy attempted to create
two bins for each age between 0 and 15 (Fujioka et al.)2dt lower
boundary of each length or weight bin was used to define the bin.

For this assessment, the size composition data for Rl8etist, 15, and 23
wereexcluded fromthe negative logikelihood (NLL) function of the model
consistent with the previous assessment (ISQR®2eets 1314 (JPN_Troll),
focusing solely on agé fish, does not require size composition data. Because
of concerns about an-4tlefined sampling process and the representativeness of
their catch, size compositions of Fleet 15 (JPN_PL) were not fittednatNLL
function. Fleet 23 (EPO_SR(013)) size data was excluded due to the lack of
information on how the size sampling program for the EPO sports fishery
operated prior to 2012. Fleets-18 hadtheir size compositions combined to
streamline the assessment model (Tab®. 3.ength and weight composition
data were updated tB8022 FY for Fleets 212, 18, 21 and 22, while the
composition datdor the otherfleets were not updated. Figures3shows the
quarterly size compositions for each fleet.

Input sample sizes for the size composition data were sourced from various
criteriafor each fleetDepending on the corresponding fisheries and available
data, the input sample simecludesi Number of fi sh measured
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3.6.2.

l anding wells sampledo, ANumber of t
and ANumber of hassuihmavizedir Table83a mp | e d 0

Japanese Longline (Fleets 1 and 2)

The Japanese longline fisheries were classified into two fleets based on the
sizes of fish caught during different seasons in the coastal longliners. Fleet 1,
representing the CPUE fishery with catch tiseies in weight for all seasons
in 19831992 and sason 4 in 1992016, operates under the assumption of
consistent catchability and selectivity. Conversely, Fleet 2, with catch time
series in weight for seasons3lin 19932016 and all seasons in 2020822,
primarily targets smaller fishLengthcomposition data from the Japanese
coasallongline fisheresin season 4 from 1993 to 20f@ Fleet 1 andh seasons
3 and 4 from 20210 2022 for Fleet 2 were used in the assessment (Fighye 3

Thetime-series of available length composition data was shorter compared
to that of landings from the fisheuring the period from 1983 to 1998ngth
measurements were relatively sparse, raising concerns about their
representativeness. Consequentlgséhdata are not included in the assessment.
Since the 1990s, sampling and market data have been collected at the major PBF
unloading ports (e.g., Okinawa, Miyazaki, and Wakayama prefectures).
Quarterly landing amounts and length measurements in each prefecture were
used to compilguarterly catckatlength datawith length compositionbeing
raised based on landing weight (Ohashi and Tsukahara 2019).

The majority of length samples were collected during seasons 3 and 4, with
season 3 generally targeting smaller adults compared to season 4 (Tsukahara et
al. 2021). Additionally, season 4 recorded higher numbers of both samples and
catches. However, sizemposition data for both seasons 3 and 4 from 2017 to
2019 showed a notable increase in observations of srsakt fish. This was
attributed to catches occurring earlier in the fishing season (season 3) than usual,
leading to the consumption of the datguota, comprising mainly of smaHer
sized adults. While the implications of these observations remain uncertain, they
could suggest a shift in selectivity (i.e., operating smaller fish in more eastern
areas not factored into CPUE calculations) and/dramge in availability (i.e.,
an influx of the newly abundant young cohorts into the fishery). Gatlength
data for season 3 from 1993 to 2020 were not included in this assessment due to
low sample sizes.

The implementation of Individual Quota management since 2021 has led to
a more balanced distribution in the size of fish caught, encompassing both small
and large adults. Hence, catahlength data during seasons 3 and 4 from 2021
to 2022 were included iRleet 2 in this assessment.
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3.6.3.

3.6.4.

Taiwaneselongline (Fleets 3 and 4)

The Taiwanese longline fisheries were classified into two fleets based on the
sizes of fish caught in two regions. Fleet 3 representing the CPUE fishery with
catch timeseries in weight from 1983 to 2022, operates primarily in the southern
region targetindargest adults under the assumption of consistent catchability
and selectivity. In contrast, Fleet 4, with catch tisegies in weight beginning
after 2000, operates in the northern region.

Lengthcomposition data for PBF from the Taiwanese longline fishery
(Fleets 3 and 4) have been derived from the market landing information and port
sampling, which had high coverage since most landings were sampled. Since
2010, the catch documentation stiee(CDS) program has provided additional
data, enhancing the quality and quantity of size samples (Chang et al. 2015).
Catchat-length data after 1992 for fleet 3 and after 2009 for fleet 4 were used in
the assessment (FiguresR

Japanese purse seines off the Pacific coast of Japan (Fleet 5)

The Japanese purse seine fisheries off the Pacific coast of Japan recorded
catch timeseries in weight from 1983 to 2022 (Fleet 5) and was the largest fleet
in terms of catch before 2000. Size composition data have been collected by
weight prel994 and bylength and weight posit994. Weight measurements
were initially collected at Tsukiji market and several unloading ports in the
Tohoku region between 1983 and 1993 and converted to length measurements.
However, concerns arose regarding the conversions §itled and gutted
weight and round weight to length and the very low coverage rate of certain
weight categories (<10 kg) during this period, resulting in doubts about the
representativeness of these data. Since 1994, comprehensive length and weight
composiion data have been collected at primary landing sites, namely Shiogama
and Ishinomaki ports (Abe et al. 2012).

With a sharp decline in catch amounts in weight since 1999, size
measurements were unable to be conducted after 2006. Consequently, the length
compositions for this fleet included in past assessments were limited to the
fishing years 1992005 (Figure &b). During this period, the size composition
data exhibited high variability from 50 cm to over 200 cm, with multiple size
modes varying year over year, highlighting the need for further research,
particularly focusing on smaller fish.

Since the 2014 fishing year, catch amounts by this fleet have increased
compared to previous years (26BF13). In response to the change, the port
sampling program was strengthened, resulting in composition data becoming
available for the fishing years 28-2022 (Fukuda 2019). During this period, the
size of fish caught was predominantly composed of fish larger than 120 cm,

39



3.6.5.

3.6.6.

whereas in the 2000s, this fleet also caught smaller fish, such as those measuring
around 50 cm.

Quarterly landing amounts, length measurements, and length conversions
from weight measurements in each size category were used to compile the
quarterly catckatlength data before 2006 (Abe et al. 2012). After 2014,
guarterly landing amounts and lengthaserements in each landing were used
to compile the quarterly catedt-length data (Fukuda 2019). Catahlength
data from 1995 to 2006 and from 2014 to 2022 were used in the assessment.

Japanese purse seines in the Sea of Japan (Fleg&nd 7)

The Japanese purse seine fisheries in the Sea of Japan, targetirgizajer
PBF aged older than 3 years (Fukuda et al. 2012), were classified into two fleets
based on their types of operation and units of catch (Nishikawa and Fukuda
2023). Fleet 6 comfmes typical tuna purse seiners with catch tseges in
weight from 1983 to 2022, while Fleet 7 consists of the same fishery but for
farming, with catch timeseries in number beginning after 2016. This fishery was
one of the largest fisheries in termscatch in the 2000s until the introduction
of catch quotas in 2011. A portion of the PBF caught by this fishery has been
used for farming since the early 2010s, resulting in an increased ratio of farming
large PBF over the catch for the fisheries.

Length-composition data for Fleé have been collected by port samplers
in Sakatminato and have been available since 1987, except for 1990 when there
was no catch (Figure3). The $ze measurements have high coveragty most
of the landingbeingsampled. Additionajl, length composition data for Fleet 7
have been collected by fishermen and farming companies in farming locations
using stereoscopic camera and have been available sinc@\#éliikawaet al.,
2024)

Quarterly landing amounts and length measurements in each landing or
operation were used to compile the quarterly catdbngth data (Kanaiwa et al
2012, Nishikawa and Fukuda 2023). Caatthength data from 1987 to 2022 for
Fleet 6 and from 2017 to 202@ Fleet 7 were used in the assessment.

Japanese small pelagic fish purse seines in the East China Sea (Fle€t®)8

The Japanese purse seine fisheries in the East China Sea, targeting smaller
sized PBF aged-Q years, were classified into three fleets based on their types
of operation, the size of fish caught in different seasons, and units of catch. Fleet
8 comprisesyipical small pelagic purse seiners with catch tseges in weight
from 1987 to 2022, mainly targeting age O fish during seasons 1, 3, and 4. Fleet
9 shares the same fishery, with catch teeees from 1988 to 2022, capturing
both age 0 and 1 fish in s 2. Fleets 8 and 9 were once the largest fisheries
in terms of catch during the 1990s and 2000s until the introduction of catch
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guotas in 2011, and have subsequently been under stricter management year after
year. Fleet 10 consists of the same fishery but for farming during seasons 1 and
4, with catch timeseries in number beginning after 2014.

Length composition data for the fisheries are derived from the port sampling
program at the major landing ports (Fukuoka and Matsuura ports) (Kumegai et
al. 2015) and have been available since 2002 for Fleet 8, with exceptions for
seasons-& in 2014 whemmeasurements were uncertain due to changes in the
landing procedures at the ports. Length composition data have been available
since 2003 for Fleet 9, with exceptions for 2013 and 2015 when catches were
very limited. Additionally, measurements have bedfected since 2016 using
a stereoscopic camera for farming operations in Fleet 10 during season 4 when
catch amounts are higher compared to season 1 (Fukuda and Nakatsuka 2019).

Quarterly landing amounts and length measurements in each landing or
operation were used to compile the quarterly catdbngth data (Kumegai et
al. 2015, Fukuda and Nakatsuka 2019). Caitdliength data from 2002 to 2021
for Fleet 8, from 2003 to 20221 Fleet 9, and from 2016 to 2022 for Fleet 10
were used in the assessment.

3.6.7. Korean offshore large purse seine (Fleet 11)

The Korean offshore large purse seine fisheries in Korean waters have
documented catch tirmgeries in weight from 1983 to 2022 (Fleet 11) (Park et
al. 2023, Kwon et al. 2024). Typically targeting PBF weighing less than 30 kg
(ages €2), purse seiners hawvbserved an increase in fish over 30 kg since 2019.
Fleet 11 also includes PBF caught from Korean setnet, trawl, and other fisheries,
with purse seiners being the primary source of catch. Set net catch has been on
therisesince2018 ont ri buti ng over 209%022.f FIl eet

The composition data for purse seiners are available during season 3 for
20032022 through the size sampling at port by scientists or observers as well as
the measurement at the laboratory by scientists (Lim et al. 2021). Quarterly
landing amounts and letigmeasurements in each size category were used to
compile the quarterly catedt-length data, with length compositions being raised
based on landing weight in each size category (Kwon et al. 2024).

3.6.8. Japanese Troll and Poleand-Line (Fleets 1215)

The Japanese troll fisheries, targeting age 0 PBF, were classified into three
fleets based on their types of operation, the size of fish caught in different
seasons, and units of catch. Fleet 12, representing the CPUE fishery, has a catch
time-series in wight from 1983 to 2022 during seasons 2, 3, and 4. It primarily
operates in the Sea of Japan under the assumption of consistent catchability and
selectivity. Fleet 13 comprises the same fishery with catchgames in weight
from 1983 to 2022 during seas 1. It typically catches smallsized young of
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year PBF (< 50 cm, Fukuda et al. 2015a) hatched from April to August. Fleet 14
consists of the same fishery but for farming during season 1, with a cateh time
series in number beginning after 1998. Additionally, the Japanesampsdlme
fisheries, whichoccasionally capture PBF, target age O fish and have a catch
time-series in weight from 1983 to 2022 (Fleet 15).

Length composition data for Fleets 12 and 13 are obtained from the port
sampling program at major landing ports in Nagasaki, Wakayama, and Kochi
Prefectures (Fukudand Oshim&012), with records available since 1994. In
contrast, representative size composition data for Fleet 14 are lacking. For Fleet
15, length composition data are available for limited years between 1994 and
2010. Since Fleet 15 operates in the same figriognd as Fleet 12 and catches
similar-sized fish, length compositions for Fleet 15 were not used, and its
selectivity is mirrored to that of Fleet 12.

Quarterly landing amounts and length measurements in each port and area
were used to compile the quarterly casdtength data for Fleets 12 and 13, with
exceptions applied when more than 20% of the catch lacked corresponding size
data (Fukuda et al. 20ah Following this criterion, cateat-length data for
certain quarters were excluded from the assessment model. Thaatoith
data for Fleet 13 were not fitted into thedldgelihood function due to its spiky
nature, focusing on a very narrow ramgjesizes for age 0. Consequently, its
selectivity is specified as fuielection for ag® fish.

3.6.9. Japanese sehet and other fisheries (Fleets 14.9)

The Japanese seét fisheries, operating along the coastal regions of Japan,
target a wide range of PBF sizes. These fisheries were classified into three fleets
based on locations, units of size measurement, and the size of fish caught in
different seasan (Nishikawa and Fukuda 2023). Fleet 16 represents a typical
setnet fishery in all prefectures except for Hokkaido and Aomori, with catch
time-series in weight from 1983 to 2022 during seasons 1, 2, and 3. Fleet 17
comprises the same fishery as Fleet\iy catch timeseries in weight from
1983 to 2022 during season 4. Additionally, Fleet 18 comprises the same fishery
operating in Hokkaido and Aomori prefectures, with catch-temes in weight
from 1983 to 2022 throughout the year. Fleet 19 consistaraf line and small
scaled longline fisheries in the Tsugaru Strait and its adjacent waters, with catch
time-series in weight from 1983 to 2022 during season 2 (Nishikawa et al. 2015).

Length measurement data for Fleets 16 and 17 from Japaneset set
fisheries have been collected since 1993 by port samplers, while weight
measurement data for Fleet 18 are obtained in Hokkaido and Aomori prefectures
(Sakai et al. 2015). The size range fteet 16 is generally smaller than that for
Fleet 17, with smalsized PBF (< 50cm) being rarely observed. Fleet 19 also has
weight composition data, with records available since 1994. Since Fleets 18 and
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19 captured similar sizes, the weight composition data were combined, and one
selectivity was estimated for both fleets.

The catchat-size data were estimated based on the matrtitified raising
method using the catch weight. Excessive estimation was avoided by introducing
broad size category strata (i.e., Small/Medium/Large) and limiting-sivata
calculation (Hiraokateal. 2018). These data showed that the eatdlize data
were highly variable from year to year and quarter to quarter, probably because
of the influence of environmental conditions and migration (Kai 2007a).

Likely due to the COVIB19 pandemic and other reasons such as
opportunistic fishery unloading due to domestic management to protect small
(young) fish, the data sampling in FY 202022 for those coastal fisheries was
sparser than in the past period (Nkstwa et al. 2022). Accordingly, the
composition data for those years were not included in this assessment.

3.6.10. EPO commercial purse seine fisheries (U.S. dominant) for 83-2001
(Fleet20) and (Mexico dominant) after 2002 (FleeRl)

The commercial fisheries operate along the coastal regions of the U.S. and
Mexico in the Eastern Pacific Ocean, primarily using purse seine techniques.
Minor fisheries such as hook and line, and lamggsh drift gillnet are included
in the commercial fishees. These fisheries were classified into two fleets based
on the relative importance of the catch between the U.S. and Mexico. Fleet 20
represents the EPO catch tiseries in weight from 1983 to 2001, which
encompasses a transition phase involving ik of the U.S. fisheries and
the rise of Mexican PBF opportunistic fisheries, with U.S. purse seine landings
still being higher during this period. Subsequently, after 2001, Mexican landings
increased, while U.S. landings decreased substantially. Fleegpresents the
EPO catch timeseries in weight from 2001 to 2022 when Mexican purse seine
landings were dominant.

Length composition data for PBF from the EPO purse seine fishane
beencollected by port samplers from IATTC and national/municipaseat
observers and sampling programs (Bayliff 1993, Adasilva and Dreyfus
2012) sincel952 Due to the lowepresentatioof the sample sizes during the
transition phase (19832001) when catches were relatively low, size
measurements from 1983 were used to estimate selectivity for Fleet 20. In the
assessment, length measurements for Fleet 21 were used after 2005 from port
samplers and after 2013 from stereoscopic cameras provided by the largest
farming company (Dreyfus and misdaSilva 2015). Landing amounts and
length measurements in each set were used to compile the quarterhatcatch
length data (Dreyfus 2024).
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3.6.11. EPO sports fisheries (Fleet22 and 23)

The sports fisheries in the Eastern Pacific Ocean operate along the coastal
regions of the U.S. and Mexico. These fisheries were classified into two fleets
based on the years when size sampling was conducted. Fleet 22 represents the
EPO sports catch timgeries in number from 2014 to 2022 throughout the year,
while Fleet 23 represents the EPO sports catchsignies in number from 1983
to 2013 throughout the year.

Length measuremerdata from the sport fishery had been collected by
IATTC staff from 1993 to 2011 (Hoyle 2006here was no information about
how the size sampling program operated prior to 2012, thus the PBFWG has
agreed that the size composition data before 2012 are not used. Selectivity for
Fleet 23 was assumed to be similar to that for Fleet 22.

Since 2014, NOAA took over the sampling program (Heberer and Lee
2019), and size composition data are measured by port sankfbersver, die
to the COVID19 pandemic, the port sampling program by the SWFSC NOAA
was discontinued (Lee 2021). As an alternative, anothdsoand sampling
program by the Sportfishing Association of California (SAC) was suggested for
the size data during 204022, although it had a lower coverage than the port
sampling by NOAA Despite the variability in both the SAC data and NOAA
data, each dataset seshto provide more appropriate information on the catch
at-age than borrowing the information from the EPO commercial fleet or relying
solely on the most recent data in the same fleet. Therefore, for the 2022 stock
assessment, the WG agreed to use the aaggalgateort sampling data from
2014 to 2018 and the annual aggregateth@ard samplinglatafrom 2019to
2022.

3.6.12. Unaccounted mortality fleets (Fleets 24, 25 and 26)
Unobserved mortality related to the possible pektase mortality of
discards were included as removalsisTimobserved mortality was separated
into three separate fleets. Because there is no available data to represent the size
distribution of unobserved fish, the size selectivity for these fleets was assumed
to be similar to that of the associated fisheriex{i®n 4.3.2).
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4. MODEL DESCRIPTION

4.1. Stock Synthesis

An annual timestep lengtkbased, agstructured, forwaregimulation
population model, fit to seasonal data (with expectations generated quarterly), was
used taassess the status of PBF. The model was implemented using Stock Synthesis
(SS) Version 3.3@2 (Methot and Wetzel 2013). SS3 is a stock assessment model
that estimates the population dynamics using a variety of fisteggndent,
fisheryindependent, and biological information. Although it was originally
designed for coastal pelagic fishes (sarslinad anchades), it hasevolved asa
standard tool for tunas and other highly migratory species in the Atlantic, Indian,
and Pacific Oceans (IOTC 2016, IATTC 201

The moded s framewor k baehc maximamo tkelihoeds and
Bayesian estimatiomethods,integratng parameter space using a Monte Carlo
Markov Chain algorithm. This assessment uses the maximum likelihood estimation
(MLE) to estimate parameters and uses normal approximation or bootstrapping to
quantify parameter uncertainty.

SS3 comprisgethree subcomponents: (1) a systems dynamics subcomponent,
which recreates estimates of the numbers/biomass at age using estimates or pre
specified values of movement patterns, natural mortalitys,rg@wth curves,
fecundity, and spawneecruitment relationship, etc., (2) an observational
subcomponentwhich relates observed (measured) quantities such as CPUE or
proportion at length/age to the population dynamics through estgwattchability
or selectivity, and (3) a statistical subcomeonwhichuses likelihoods to quantify
the degree of fitbetweermnbservationsindthe recreated population.

4.2. Biological and Demographic Assumptions
4.2.1. Sex Specificity

The assessment assumes that there is no difference in sexual dimorphism.
Previousstudies have consistenthgportedthat the sex ratio between females
and males is not statistically different from 1:1 (Chen et al. 2006, Shimose and
Takeuchi 2012)Regarding growthmales generallyexhibit larger sizes than
females after reaching sexumhturity (Maguire and Hurlbut 1984, Shimose et
al. 2009, Shimose and Takeuchi 2012). Shimose and Takeuchi (B812)
further pravided estimates afexspecific growth for PBF. However, samples of
paired agdength data by sex are often skewed. uhé absencef sex records
in the fishery data, a singlex population was assumed for this assessment.

4.2.2. Growth
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A time-invariant sexcombined lengtfatage relationship was externally
estimated from paired adength otolith samples, as detailed in section 2.1.4
(annual rings: Shimose et al. 2009, Shimose and Takeuchi 2012, Shimose and
Ishihara 2015; annual and daiings: Fukuda et al. 2015b, Ishihara et al. 2023).
This relationship was fparameterized to fit the von Bertalanffy growth
equation used in SS (Figure32 and adjusted for the birth date (1st of July, i.e.,
the first day of the fishing year),

b 0 b 0 Q

where L1 and L2 are the lengths (cm) associated with ages (years) near the first
(A1) and second (A2) ages,-athge(Frascist he as-
1988), and K is the growth coefficieftb ). The growth parameters K, L1, and

L2 were fixed in the SS model, with K at 0.1&8 and L1 and L2 at 19.05 cm

and 118.57 cm for age O and age 3, respectively, based on thedéagth
relationship by Fukupbheametetizedhas:. (2015b) .

L Dis then calculated as 249.917 cm. The process errors, modeled as the
coefficients of variation (CVs), were the function of the mean length at age,
0w "QaQEAQM® O ¢ "QQ Based on the estimated variances from the
conditional ageat-length data (Tsukahara et al. 2024), the CV was then fixed at
0.278 and 0.0401 for ages 0 and 3, respectively. Linear interpolation between 0

3 was used to generate the process error for enarg ages, and ages 3 and
older were assumed to be the same as age 3. The parametrization above results
in the traditional von Bertalanffy parameters as follows:

0 ct&pyxp QB8 8
where
Lt = length at age t;
Lb = 249.917 cm = theoretical max i mum
K=0.188

4.2.3. AgesModeled
Ages from 0 to the maximum age of 20 were modeled. Age 20 was treated
as an accumulator for all older ages (dynamics are simplified in the accumulator
age). The maximum age of 20 was set at the age where approximately 0.15% of
an unfished cohort remaibssed ortheM schedule.
4.2.4. Weight-Length Relationship
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4.2.5.

4.2.6.

A sexcombined weightength relationship was used to convert fork length
(L) in cm to weight (WL) in kg (Kai 2007b). The relationship is:

W pEXppYmiE

where WL is the weight akength L. This weightength relationship was
assumed to be timavariant and fixed (Figure-2).

Natural Mortality

Natural mortality 1) was assumed to bene-invariantandagespecific in
this assessment. AgpecificM estimates for PBF were derived from a meta
analysis of different estimators based on empirical and life history methods to
represent juvenile and adult fish (AirdaSilva et al. 2008; see Section 2.1.5).
TheM of age 0 fish was estimated from a tagging study, as discussed in detail in
Section 2.1.5. Agspecific estimates dfl were fixed in the SS modél.6 year
1for age 0, 0.386 yearfor age 1, and 0.25 yeafor age 2 and older fisfirigure
2-5).

Recruitment and Reproduction

PBF spawn throughout spring and summer (Aftibust) in various areas
of the western Pacific Ocean, as inferred from egg and larvae collections and
examination of female gonads. In the SS model, spawning was assumed to
commenceat the beginning of April (fishing month 10). Based on Tanaka (2006),
agespecific estimates of the proportion of mature fish were fixed in the SS
model: 0.2 at age 3, 0.5 at age 4, and 1.0 at age 5 and older fish as of'April 1
PBF ages € fish were assumed to be immature. Riderent is assumed to
occur in fishing month 1.

A standard Bevertoand Holt stockrecruitment relationship (SR) was used
in this assessment. The expected recruitment for@€ar) is a function of
spawning biomass“Y"Y0 ), an estimated unfished equilibrium spawning
biomass Y'Y, a specified steepness parameter (h), and an estimated unfished
recruitment (RO).

T ®YY0
YYOp Q YYYO uQop

Q 8 Yx () Th,

Annual recruitment deviations from the SR relationsMp (vere estimated
from 18B2to 2021 and assumed to follow a normal distribution with a specified
standard deviationp in natural log space (Methot and Taylor 2011, Methot and
Wetzel 2013). This, penalizes recruitment deviated from the spawner
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recruitment curve. The central tendency, penadizthe log (recruitment)
deviations for deviating from zero, was assumed to sum to zero over the
estimated period. Estimation pf is known to be difficult in the penalized
likelihood estimation (Maunder and Deriso 2003), so a tupingpproach was

used to match the standard deviation of the estimated recruitment deviations.
Severalrepeated model runs were conducted to numerically estimate a value of
» 1N SS3 based on Methot and Taylor 2011, resulting,inset to be 0.6 in the
assessment model, which was about the variability of deviates estimated by the
model. A relatively large, allows the model to be less sensitive to our
assumptions about the steepness.

A log-bias adjustment pattern fractio®)) (vas applied during 82-2019to
assure unbiased estimation of mean recruitment. Becausemé calculated
in SS3, a twestep procedure was used to apply the estimatiabbaed on
Methot and Taylor 2011. The first modeih estimated recruitment deviations
and variability around these values without adjusting &iasirately Thecowas
also calculated in the first model run based on the estimated recruitment
deviations and, , which was 0.9336. The assessment magsiied this
estimatedbobtained from the first run. The clogbis to the max value of 1, the
more informative the data are about recruitment deviations, and vice versa,
becausevis in log space.

The steepness of the stadcruitment relationship@ was defined as the
fraction of recruitment when the spawning stock biomass is 20%Sé§-o,
relativeto Ro. Previous studies have indicated thégnds to be poorly estimated
due to the lack of information in the data about this parameter (Magnusson and
Hilborn 2007, Conn et al. 2010, Lee et al. 2012). Lee et al. (2012) concluded that
steepness could be estimable within the stock assessment mbdalsnodels
were correctly specified for relatively low productivity stocks with good contrast
in spawning stock biomass. However, the estimate mfy be imprecise and
biased for PBF as it is a highly productive species. Independent estimates of
steepnes that incorporated biological and ecological characteristics of the
species (lwata 2012, lwata et al. 2012b) reported that the méamasf around
0.999, close to the asymptotic value of 1.0. Therefore, steepness was specified
at 0.999 in this assessment. It was noted that these estimates were highly
uncertain due to the | ack of informatio

4.2.7. Stock Structure
The model assumed a single welixed stock for PBF. The assumption of
a single stock is supported by tagging and genetic studies (see Section 2.1.1).

4.2.8. Movement
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PBF is a highly migratory species, with juveniles known to move widely
between the EPO and WPO (Section 2.1.3). In this assessment, the PBF stock
was assumed to occur in a single, weiked area, andpatial dynamics
(including regional and seasonal movement rates) were not explicitly modeled.
Despite the lack of spatial specificity in the model, the collection and pre
processing of data, on which the assessment was based, were dshafic
(i.e., countrygear type) and therefore contained spatial inferences-@ézsaea
approach). This approach enabled the separate astinttfishery-specific
time-varying length and agebased selectivity patternglemonstrating the
mo d e | 6 g0 ajpploxinate theychanges in cohorts due to movement and gear
selectivity (see Section 4.3.2).

4.3. Model Structure
4.3.1. Initial Conditions

When populations are exploited prior to the onset of data collection, stock
assessment models must make assumptions about what odafmesthe start
of the dynamic period. Assessment models often make equilibrium assumptions
about this pralynamic period, which can result in a population in the initial year
being either at an unfished equilibrium, in equilibrium with an estimated
mortality rate influenced by data on historical equilibrium catcrextibiting
estimable agspecific deviations from equfirium. Two approaches describe
extreme alternatives for dealing with the influence of equilibrium assumptions
on the estimated dynamics.

The first approach is to start the dynamic model as far back in time as
necessary to assume that there was no fishing prior to the dynamic period.
Usually, this entails creating a series of hypothetical catches that extend
backward in time and diminish imagnitude with temporal distance from the
present. The other approach is to estimate (where possible) parameters defining
initial conditions.

Because of the significance (in both time and magnitude) of the historical
catch prior t01983 this assessment used the second method (estimate) to
develop norequilibrium initial conditions that estimated: 1) R1 offset, 2) initial
fishing mortality rates, and 3) early recruitment deviations. ThefRet was
estimated to reflect the initial equilibrium recruitment relative goviich had
been estimated in the previous assessments. The equilibrium fishing mortality
rates (Fs) were estimated because ittigal equilibrium involved not only
natural mortality but also fishing mortality. The estimation of the equilibrium Fs
can be based on the equilibrium catch, which is the catch taken from a stock for
which removals and natural mortality are balancedthpls recruitment and
growth. Although this assessment did not fit equilibrium catch (having no
influence on the total likelihood function for deviating from assumed
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equilibrium catch), equilibrium Fs were freely estimated. Equilibriumds w
estimated for the Japanese-set fleet for seasons-3 (Fleet16) becausat
represented a fleet thatainly took small fish.

Nine-year recruitment deviations prior to the start of the dynamic period
were estimated to adjust the equilibrium initial age composition before starting
the dynamic to be a neequilibrium initial age composition. The model first
applied the R1 offset andiiml equilibrium Fs level to an equilibrium age
composition to obtain a preliminary numisrage. Then it applied the
recruitment deviations for the specified number of younger ages (information
came from the size compositions for early years inabsessment) in this
numberatage. Since the number of estimated ages in the initial age composition
is less than the maximum age, the older ages retained their equilibrium levels.
Because the older ages in the initial age compositions will have lessation,
the bias adjustment was set to be zero.

4.3.2. Selectivity
4.3.2.1. Selectivity assumptions for Fishery fleet

Selectivity is the observation model process that links composition data
to underlying population dynamics. For rgpatial models, thisbservation
model combines contact selectivity of the gear and population availability
to the gear. The former is defined as the probability that the gear catches a
fish of a given size/age, and the latter is the probability that a fish of a given
size/ages spatially available to the gear. In the case of PBF, variable trans
Pacific movement rates of juvenile fish cause temporal variability in the
availability component of selectivity for those fisheries catching migratory
juveniles. Therefore, in additido estimating lengtibased gear selectivity,
time-varying agebased selectivity was estimated to approximate the time
varying agebased movement rate. The use of twaeying selection results
in better fits to the composition data compared to the -tmwariant
selection model, which had adverse consequences on fits to other prioritized
data (ISC 2014, ISC 2016).

We also used a combination of model processes-{tangng length and
agebased selectivity) and data weightings to ensure goodness of fits to size
composition for the fleets that caught high numbers of fish (Tafile #h
general, fleets with large @dtes of migratory ages, good quality of size
composition data, and no CPUE index were modeled with-vangng
selection (Lee et al. 2015). Fleets taking mostly-@dsh or adults were
treated as timnvariant. Fleets with small catches or poor sizaposition
data were either aggregated with similar fleets or given low weights. Details
are given below.
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Fisheryspecific selectivity was estimated by fitting length and weight
composition data for each fleet except for Fleets 13, 14, 15, 19, 23, 24, 25,
and B, whose selectivity patterns were borrowed from other fleets based on
the similarity of the size of fish caught (Tabld ¥ The weight composition
data for FleetQwere combined with Fleet 18, whereas the size composition
data for Fleets4, 15, and 23 were not used to estimate its selectivity due to
poor quality of sampling, limited observations, adaunclear sampling
scheme. The size composition data for the discard fleets (Fleets 24, 25, and
26) were not available, but it was assumed that their selectivity pattern was
similar to that of the retained catch. The selecgsifor Fleet 13 and 14
were assumed to be 100% selected at only age 0. Consequently, their size
data were not used.

Fleets with CPUE index (Fleets 3, and 12) were modeled as time
invariant lengthbased selection patterns to account for the gear selectivity.
Due to the nature of their size compositions ¢nagratory ages caught by
these fleets, either agkfish or spawners, resulting in a single wethaved
mode), functional forms of logistic or double normal curves were used for
the CPUE fleets. The choice of asymptotic (logistic curves) or eklraped
(double normal curves) selection pattern was based on the @ssuthat
at least one of the fleets sampled from the entire population above a specific
size (asymptotic selectivity pattern) to stabilize parameter estimation. This
assumption was evaluated in a previous study and it was indicated that the
Taiwanese logline fleet (Fleet 3) consistently produced the best fitting
model when an asymptotic selection was used (Piner 2012). This
assumption along with the observed sizes and life history parameters set an
upper bound to population size. This asymptotic assemptias tested
through sensitivity analysis in the past sevessessments, and it was
confirmed that this assumption does not have a critical impact on the stock
status(ISC 2022). Selection patterns were assumed to be -dbaped
(double normal curves) for Fleets 1 &kl

Fleets without CPUE were categorized into fleets taking fish of non
migratory ages (mainly ag@fish for Fleets 8 and 10, or spawners for Fleets
2 and4) and fleets taking fish of migratory ages (mainly agéddr Fleets
56,7,9, 11, 16, 17, 18, 201, and22).

Selectivity for norRCPUE fleets taking fish of nemigratory ages was
modeled as tim@variant lengthbased selection patterns to account for the
gear contact antime-invariant agebasedavailability pdterns to account
for the additional ages available to the fleets (e.g., FleBuf) to the nature
of their size compositions with a single wb#haved mode, functional
forms of double normal curves were estimated.

As for nonCPUE fleets taking fish of migratory ages, both lengid
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agebased selectivity patterns were estimated (Lee et al. 2015). Selection is
then a product of the agand lengthbased selection patterns. In general,
the pattern for the lengthased selection was tiri@variant asymptotic or
domeshaped, while the agmmsed selection estimated separate parameters
for each age and was tiavarying for migratory ages (Fleets 5, 6, 9, 11, and
18). Because of the large number of parameters involved, fleets without a
significant catch (Fleets 7, 16, and 17) did not inclindetimevarying age

based component. Additionallyhree EPO fleets (Fleets 20, 21, and 22)
were modeled with time@arying lengthbased selection due to the possible
difference in growth between EPO and WPO.

4.3.2.2. Selectivity assumptions forAbundance index

Selectivity for each relative abundanceérdvasassumed to be time
invariant and the same as the fishery from which each respective index was
derived. Thesize selectivity for the S1 indedgpanese longlin@9932019)
and S2index (Japanese longline: 198992)mirrorsthat of Fleet 1, whik
thesize selectivityfor S3 index (Japanese troll: 19&®10)mirrors that of
Fleet 12. Thesize selectivityfor the S5(Taiwanese longline from the
southern fishing ground: 2082022)index mirrors that of Fleet 3.

4.3.3. Catchability
Catchability (g) was estimated assuming that each index of abundance is
proportional to the vulnerabl@Bomass/numbers with a scaling factor of gickh
was assumed to be constant over time. Vulnerable biomass/numbers depend on
the fleetspecific selection pattern and underlying population nurshieage.

4.4. Likelihood Components
4.4.1. Observation error structure

The statistical model estimates the Hégshodel parameters by minimizing
a negative logdikelihood value that consists of likelihoods for data and prior
information components. The likelihood components consisted of catch, CPUE
indices, size compositienand a recruitment penalty. The observed total catch
data assumed a lognormal error distribution. An unacceptably poor fit to catch
was defined as models that did not remove >99% of the total observed catch
from any fishery. Fishery CPUE and recruitmeaviations were fit assuming a
lognormal error structure. Size composition data assumed a multinomial error
structure.

4.4.2. Weighting of the Data
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Three types of weighting were used in the assessment model: (1) weighting
length compositions (via effective sample size), (2) weighting catch, and (3)
weightingCPUE data.

Weights given to catch data were a&6.E.=0.1 (in log space) for all fleets,
which is relatively precise for catches, except for unaccounted mortality fleets
(S.E.=0.3). Weights given to the CPUE observations were assumed to be
CV=0.2 across years and fleets unless the standardization modieted larger
uncertainty. In that case, a larger CV estimated from the standardization was
used.

The weights given to fleetpecific quarterly composition data via effective
sample size were based on arhad method. Generally, sample sizes were low
(<15 effective sample sizes) based on the number ofmedisured samplings
from the number of haulsr @aily/monthly landings (Tabl8-7) except for the
longline fleets. For longline fleets, because only the numbers of fish measured
are available (the numbers of trips or landings measured were not available), the
sample size was scaled relative to theaye sample size and standard deviation
of the sample size of all other fisheries based on the number of fish sampled.

4.5. Model Diagnostics

Multiple diagnostic tests were used to detect misspecification of the observation

model (i.e., the model processes relating to data) and the system dynamics model
(i.e., the population dynamics) (Maunder and Piner 2015).

45.1.

45.2.

Convergence Criteria

A model was not considered converged unless the Hessian was positive
definite. To ensure convergence to a global minimum, further examination
included randomly perturbing the starting values of all parameters by 10% and
randomly changing the ordering of gges of selectivity parameters used in
optimizing likelihood components before refitting the model (i.e., jittering
analyses). The primary goal of these jittering analyses was to verify that none of
the randomly generated processes led to a solution viitvex total negative
log-likelihood (NLL) than the reference model. The beste model had the
lowest total NLL and a positivdefinite Hessian matrix. These analyses served
as a quality control measure to prevent the model from converging on a local
minimum.

Age Structured Production Model

Following the proposal by Maunder and Piner (2015), the Age Structured
Production Model (ASPM) diagnostics were performed to evaluate if the data
about absolute abundance (i.e., catch aneixddta) could provide information
about the population scale given gecifiedmodel processes and selectivity
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4.5.3.

45.4.

It alsoassesses whether the system dynamic

(Carvalho et al. 2017). The ASPM was developed by simplifying the dzesse
model. The deterministic ASPM retained the fleet structure (number of fleets) of
the basecase model. However, tlgenain changes weraade: 1) elimination

of fitting to composition data (now only inclundy catch by fleet and the CPUEs
from Japanese longline and Taiwanese longline fisherieS&land S5, as
contribubrsto the total likelihood function), 2emoval of estimation of annual
recruitment variation, and 3) specification of selectivity patterns for each fleet to
those estimated in the basase model. Because annual recruitment denst
were not estimated in the ASPM, recruitment follows the steckuitment
curve. The ASPM only estimates the global scaling parameters, such as the
logarithm of unfished recruitment (Ld8) and equilibrium fishing mortality

rate (Inital F)Asati sfactory ASPM is determined

of abundancenatches the patterns observed by the longline CPUE series. The
performance tesinvolves visually examinng estimates of the lonterm
(decadal) trends, ith robust evidence for good ASPM performarsaen in
matching periods of both increasing and declining abundancenfawadrip).

After determining if the ASPM performed well, the reliability of the-fige
CPUE index (Japanese troll index8) vas assessed using an ASPM with annual
recruitment deviations specifieds #hose estimated in the basase model
(ASPM-R). The ASPMR includes the addition of temporal recruitment
variation that exactly matchéhe age0 troll index. If the ASPMR improves fits
of the adult indices, this is evidence that the-@gmll index is consistent with
the other data sources in the model and providesd gaformation on
recruitment variability.

Residual analyses

Residual analyses are commonly used to detect the misspecifigattbes
observation model. Initiallya visual examinationcomparingobserved and
estimated values wasonductedt o ensur e t hat t he yt
determine the goodnesé$-fit, the rootmeansquare error (RMSE) was used for
the CPUE data, and the ratio of inputted sample weights to model estimates of
the weights was used for the size composition datadBagplots were used to
evaluate trends in residuals and their magnitude. Inputted weights exceeding
model estimates of the weight for a particular data source were considered as
indicative of lack of fit.

Ro likelihood component profiling analyses

Negative loglikelihoods of various data components across a profiled
population scale estimate of Ity were used to evaluate which data sources
were providing information on the global scale (Lee et al. 2014). Data
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components with a large amount of information on the population scale will
show significant degradation in fit as the population smahanged from the

best estimate. A model with a global scale estimated that was consistent with the
information provided by the primary tuning indices would be considered a
positive diagnostic.

4.5.5. Retrospective analysis
A retrospective analysis was performed on the {oase modelby

subsequently remang the terminal year of data. The underlying assumption is
that the estimates of historical abundance from the t&@se model, which uses
all the data, are more accurate than the estimates of abundance from the
retrospective models that ignore recent dakeerefore, this analysis shows the
possible bias of model predictions. B0-year retrospective analysis was
conductedo assestemporal trends in spawning biomass, ame&ét Mo hndés r ho
statistic (Mohn 1999, Hurtadeerro et al. 2014) was calculated to quantify the
severity of retrospective patterns. I n
indicates a mi@ obvious consistent pattern of change in the peeled models
relative to the basease model.

4.5.6. Hindcasting
Hindcasting was used to assess the prediction quality of thehssenodel

(Kell et al. 2016). The underlying assumption is that an assessment model which
performswell in the past and accurately predicts the past, has good prediction
skill. We first retrospectively analyzetlyears of stock dynamics (i.e., peeling
off 7-years of data sources) and made\gedrs past prediction using thge
structured production model. We chose thes@rsbased on the generation time
of this speciesThis work can be thought of as if we conducted the assessment
severnyears ago using data only up to that year and forecasted forward with the
catches by fleets afey occurred in the nexsevenyears. The goal was to
determine if we could have predicted what would happen to the stock

4.5.7. Sensitivity analyss
The effects of different assumptioregardingthe system dynamics model
and observation model were examined via sensitivity aemalyisvo groups of
models were conducted, and several sensitivity runs were perféamedch
group The first group of models addressed the observation matiéé the
second group addressed the system dynamics model processes.

In each sensitivity run, an assumption of the model was changed, and the
model was rerun to examine its effects on derived quantitiesehiséivity runs
areasfollows:

1. Modelsassuminglternativeobservatiorprocesses

55



o

Different dataveighting of size composition data
Doubling theamount of unseen catch
c. Fitting thetroll recruitment index fothe entire period (1983
2016)
2. Modelsassuminglternativesystem dynamicprocesses
a. Alternativesteepness
b. Higher and lower natural mortality for age 2 ander
c. Higher and lower assumed variation in recruitment (sigma R)

=3

4.6. Projections and Biological Reference Points
4.6.1. Projections

Stochastic mjections were conducted outside the integrated model using
forecasting software, assuming ajeuctured population dynamics with a
guarterly time step in a forward directiorhese projections wetgased on the
results of the stock assessment modetl ancorporated parameter and
observation uncertainty from bootstrap replicates in SS3, followed by stochastic
simulations(lchinokawa 2012, Akita et al. 2015, 2016, Nakayama et al. 2018).
These bootstrap replicates wegeneratedising the samerer structures as the
basecase model and then fit in the basese model using SS3. In the projections
presentedn this report, the projeetl SSB estimates represent the medians of
6,000 individual SSB values calculated for each set of 300 bootstrap replicates,
followed by 20 stochastic simulatiobased on different future recruitment time
series

Future recruitment values in each repliaterandomly resampled from the
recruitment estimates for 19@®20. Due to the high uncertainty of the
recruitment estimage for 20212022 those years were ndhcluded for
resampling.The PBFWG considered that the resampling of the estimated
recruitments from thevhole time series of the base case, exdep the most
recent two years, was appropriate.

Several alternative harvest scenarios, inclgdhe requested scenarios
developed by thetB IATTC-WCPFC JWG to the ISC (WCPFC NC 18,
Attachment E), are shown in Table €. Scenario 1 approximates the
conservation and management measures currently in force in the WCPFC
convention area (WCPFC CMM202R) and IATTC convention area (IATTC
Resolution C2105). For the EPO commercial fisies since the IATTC
Resolutionappliesonly a catch limit, a constant catch limit of 3,995 tons with a
high F level, similato that in 2002004,is assumed in this future projection to
consumats quota. For the WPO fishes the maximum F level is assumed to
be the average level during0022004, approximating the effort control
prescribed in the WCPFC CMM.
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4.6.2.

Scenarios 2 to 11 were based on the requests from the JWG. Scenario 2
analyzel the impacts of transfeng 30% of the small fish limit (PBF weighing
of less than 30 kg of its body weiglity Japan and0% for Korea limit to the
large fish (PBFweighing30 kg and larger) limit, using a conversion factor of
0.68:1 for the small and large fish catch limits. Scenadgie@cted zero removals
(no fishery) to illustrate the potential for stock recovery.

Scenariost-11 explored the impacts of the less conservative management
measures, which depict possible increases in catch limits by specified amounts
or fractions from the currently specified limit.

Scenarios 4 aimed to achieve a 20% SSBbiomass target with 60%
probability by exploring harvesting scenarios to achieve this biomass level in the
last year of the projection (i.e., 2041 FY). On the other hand, sce@atibs
explored the future catch amounts needed to achieve a 20%oS88B 60%
probability by 204 1while maintainingtwo specified future fishery impact ratios
on SSB between WCPO and ER€heries approximately #% and 30%, and
80% and 20%, respectively. i& noteworthythat becausethe proportion of
historically accumulatedVCPO \ersus EPO impact gradually changed to
achieve the specified ratio, the impact proportion is dynamic andfumidner
change inthe longer term if the same harvest scenario continues beyond the
target year.

In addition to the abovementioned scenarioscenario 12 projected the
stock and fishery with a constant fishing mortality of F30%SPR, which is listed
in the HCRs for the PBF MSE as one of the candidate target reference points.
For this scenario, the average fishing mortality at age during-2019was
used as the basic exploitation pattern in recent years (Tommasi and Lee 2022),
and a multiplier for Fs at each age was applied to maintain F30%SPR.

As performance metrics for each harvesting scenario, the PBFWG provided
the following: the probability of achievirm20%SSB-o by 2041, the probability
of SSB falling below the candidate target reference points (20%, 25% , 30%, and
40% of SSBe=o) by 2041, the probability of SSB droppg below7.76 SSB-,
which was used as the interim linnéference point at the IATTC during any
projection periodthe ratio of the future expected fishery impact between WCPO
and EPO in ten years after reaching the initial rebuilding target, and the expected
future catch aspecifiedyears.

Biological Reference Points

The WCPFC has adopt€0%SSB- as the second rebuilding targetheir
CMM, which was prepared by the joint WCPINT and IATTC working group
(JWG).While formal adoption of thbiological reference point Baot occurred,
this rebuilding target could serve as an interim biorzssed reference point,
andthe corresponding fishing mortality producing that SteRld serve aan
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interim fishing mortality reference point.

In addition to the rebuilding target, two commonly used biologheasied
reference points were calculatdthe first s equilibrium depletion, which is the
ratio of terminal SSBo unfished SSB from the basase modelThis metric
characterizes the current stock status. The second is the spawning potential ratio
(SPR), which characterizes current fishing intensity. SPR is the cumulative
spawning biomass that an average recruit is expected to produce over its lifetime
when the stocks fished at the curreritensity, divided by the cumulative
spawning biomass that could be produced by a recruit over its lifetime when
unfished. Given the sulasttial changes in overall selectivity over different years,
it was considered inadvisable to compare fishing mortality directly. Thas,
spawning potential raticerves as a more appropriateeasure of fishing
intensity. These reference points were calculated for the terminal year of the
2024 assessment (the 2022 FY) and compared to the candidate target reference
points (e.g., 20%25%, 30%, and 40% of S&B) adopted in the 8th meetimng
the JWG in 2023 for the PBF MSE workdditionally, we calculated Fmax as
one of theyield-perrecruitbasediological reference pots.
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5. STOCK ASSESSMENT MODELLING RESULTS

5.1. Model Convergence

All estimated parameters in the basese modefell within their respective
boundaries, and the final gradient of the model wasx1@8 The modeHessian
was positivedefinite,enabling estimation dhe variancecovariance matrix. Based
on the results from 140 model runs with random perturbations of initial values and
500 model runs with random perturbations of phases of selectivity parartetess
was some evidence for local minimums around the best fitting model. Most runs
that stopped prior to reaching the best observed negatiédibood were similar
to the base case model. Consequettibypesffitting model was chosen as the base
case model. The PBFWG considered it to have likely converged to a global
minimum, as there was no evidence of further improvements in the total likelihood
(Figure 51).

5.2. Model Diagnostics
5.2.1. Age Structured Production Model (ASPM) Diagnostics

The ASPM model generally captures ineerall trends othe abundance
indices for adult PBFor S1 (Japanese longlin@9932019 and S5 (Taiwanese
longline south; 2002022), without invoking process variation in recruitment
(Figure 52). This result indicated that the model processes contributing to
productivity (growth, natural mortality, and recruitment) and selectivity (fleet
specific timevarying selectivity),along withthe catch time series, reasonably
explain the effects of fishing that lead to changes in adult fish indices. This
production model effect alone can provide information on the population scale
(unfished stock size).

An ASPM with fixed annual recruitment deviations specified at those
estimated in the basmse model (ASPNR) improved the model fits for both
Japanese longline and Taiwanese longline indices (FigRyeGompared to the
basecase model, the ASPIR had vey similar scale and population trends,
while the ASPM model showed a slightly larger scale (Figug. BMoreover,
the predicted recruitment index (S3 Japanese troll;-2238) by the ASPMR
was also very close to the observed index. These findings sudfogt
incorporating recruitment variation, as indicated by the recruitment index (S3),
improved the performance of ASPM, highlighting the valuable information
provided by the S3 index into recruitment variability.

Furthermoretheseresults confirm that composition data are not the primary
drivers of the estimated scale but serve as a source of information regarding
removalsat specificages.
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5.2.2. Likelihood Profiles on Fixed L og-scale Unfished Recruitment (log )
The esults of the profile of total and component likelihoadss range

of fixed logRo valuesirom 9.2 b 9.8for the basecase model are shown in Figure
5-4. The yaxis representstative likelihood valugsndicatingthe degradation
in model fit for each component (negative ddglihood for each profile run
minus the minimum component negative -ldglihood across profiles). A
relative likelihood valueof O indicates the best fit of the |d®p value for that
data component. In generall, likelihood components showeagkry low relative
likelihood values (< 1.5 unitst the log Ro value estimated by the basmse
model, wherethe estimate of log Rfor the basecase model was 9.49261
Recruitment (penalty of the deviations) fit best at 9.60, all combined CPUEs at
9.36, and all combined size composition at 9.46.

Thesize compositions component showed informative gradients (a convex
function in the negative letikelihood context) orboth the lowand high sides
of the logRo, whereas th€ PUE component showdnformative gradients on
thehigh side of the loRo. While catch data is treated as a likelihood component
in this model, the gradient for the catch component did not provide infemati
about logRo. Therecruitment component strongly influenced the low side of the
log Ro, which is reasonablgiven thatgreater recruitment variability is expected
whenthe mean level of recruitment is specified as lowes.important tonote
that the likelihood comes from contributions of time series of recruitment
deviations, rathethanthe penalty applied to the difference between the log of
recruitment in the initial equilibrium regime and log of. Rdditionally, the
observed variability of recruitment deviations, which was 0.51, is slightly lower
than the assumed recruitment variabi

Composition data from Fleet assuming an asymptotic selectivity shape
(Taiwanese longline in the southern fishing ground), had the most impact on the
log Ro profile andfit best at 9.44, which was close to the MLE of the bzese
model (Figure 54). The composition data from most fleets showed a gradual
slope of relaive likelihood around a loBo value of 9.5, indicatingessinfluence
to the logRo estimation. This is expected as fleets without indices were fit using
time-varying selectivity, redung their direct influence on the global scale.
Exceptions were noted in Fleets 2 (Japanese longline in other seasons), 5
(Japanese tuna purse seine in the Pacific Ocean), and 21 (EPO Commercial
fisheries after 2000). A sensitivity run was conducted to assess the impact of
these fleets on the estimatiohpopulation dynamics, revealing a limited impact
(see section 5.5.1).

All abundance indiceshowed a gradual slope of relative likelihoods around
a log Ro value of 9.5, indicating consistent estimates of population scale.
However, the abundance index for S1 (Japanese longline) indicated a gradual
improvement in relative likelihood as I&y decreased (Figure4).
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Given the complexity of the biology and fleet structure, the PBFWG
considers the basmse model tpossesghe desirable property of internal
consisteny regarding population scale. Furthermore, timelueinfluence of
composition data on the population scale has been reasceddigssedas
evidenced by relative likelihood values for the composition component being
less tharl.5units from the base model estimate of g

5.2.3. Goodnessof-fit to Abundance Indices

Predicted and observed abundance indices (section 3.5.2) by fishery for the
basecase model are shown in Figuré5The fits generally fall within 95%
confidence intervals (CI) for all the observed abundance indices. In particular,
the basecase model f& very well with the S2ndS3 indices (Japanese longline
for the early period and Japanesdljrarhe root meaisquareeerrors (RMSE)
between observed and predicted abundance indices were less tican€l2ent
with the input CVs for these indices.

Additionally, the model fitswell with the S1 and S5 indices (Japanese
longline for the late period and Taiwanese longline CPUESs) with RMSEs of 0.28
and 0.24, respectively. Therefore, the PBFWG consluteth the data and model
structure to provide a good prediction of recent changes in population
abundance.

5.2.4. Goodnessof-fit to Size Compositions

The basecase modelgenerally captureshe size modegpresent inthe
aggregated data by fishery and season (Figtirartd Table &). Theharmonic
means of effective sample sizes (effNs, estimates of the thaedgbected
precision) exceeds the average input sample sizes for all fleets. This indicates
thatthe assessment modsitimates greater precisitor these data thamitially
assumed.

Residuals in Fleet 2 (Japanese longline in other seasons) and RIEE(22
sports after 2013) haveubstantially decreased compared to the previous
assessment (Figured. This rediction can be attributed the aggregation of
observed size composition data over ylar or season and subsequent down
weighting.Although the aggmgationof these data ignored the annual or seasonal
variation in size, ihas beewonfirmed that the amount of catch from these fleets
was not substantialThis suggests that the impact of the lack of fit on the
dynamics was minimaAl so, the model 6s fit to the
data of Japanese PS fleets (Fleet0pand Korean OLSPS (Fleet 11) were
improved compared to the previous assessment by adding additional model
process, including timearying selectivity, separaltyi of selectivity, and age
specific availability in the local fishing ground (see section 4.3.2).
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The current basease model, whichintegrated detailed geaspecific
selectivity and spatial and temporal (seasonal) variation of availability, could
replicate the observed size composition data for all the fleets.

5.2.5. Retrospective Analysis

The retrospective analysis showetighly consistent estimation of terminal
SSBoverthe past 10 years, with Mobns  r-Gi0% This aspect was a focal
point for improvement in the previous assessnardthe PBFWG socessfully
resolved the negative systematic retrospective pattern by reducing the residuals
for the size composition data and eliminating the recruitment index during 2011
2016 (Fukuda 2023).

In the retrospective recruitmenhetexclusion of datdrom 20202022 FY
likely led to higher recruitmentduring 20192021 than those estimated the
full data series modegsthe terminal year recruitment tentb be around the
expected value based on the spaweeruitment relationship (Figure-&.
Conversely the exclusion of data from 204819 FY resulted in lower
recruitments during 2012018 than those estimated by the full data series
model. This retrospective pattern in recruitment might result from the absence
of the recruitment index during these years in the model, causing instability in a
few terminal recruitment estimates. The PBFWG recognized this as a subject for
future researchOverall,the PBFWG concluded that the retrospective analysis
of SSB did not indicate significant model misspecification.

5.2.6. Hindcasting

A 7-year hindcasting model, fitted to CPUE observatigmto 205, using
the agestructured production model (ASPM) successfully predicted the
abundance indices from Taiwanese longline CPUE over the last 7 years (from
2016 to 2022) with accuracy (kige 5-9). Thisrobust predictioncapability
stems fron the PBF assessment médépsoduction function,consisting of
growth, natural mortality, and the spawinecruitment function which
effectively capturethe net effectsfacatches at agecrossa range of stock sizes.
Consequently, the model can provide reliable predictions of stock dynamics
based on historical data. The results sugtjestthe PBF assessment model,
evenwhen extraplated beyondhe observed dataccurately reflectihe recent
recovery trends in the abundanceerd

5.3. Model Parameter Estimates
5.3.1. Recruitment Deviations
A BevertonHolt relationshipwith a steepness value of h=0.999 was used
for the basecase model, and stock and recruitment plots are presented in Figure
5-10. The estimated recruitment deviations waasiderablyprecisebetween

62



1993 and 2012, indicating that data well informed these estirdatdgionally,
smaller confidence intervals podi993 compared to piE993 suggests the
influence of the size composition data, which became available for most fleets
since 1994. Conversely, the recruitment deviations-po$P were less precise
compared t o t hdkelg affected by the elirdii@abod 6fsthe
recruitment index from the model after 20TBe uncertainty notably increases
in the most recent two years (262022) due tdimited information available
for those cohorts from catch and size d&mnsequentlythe PBFWG opted to
exclude these recruitments from future projections although these were used to
assess the stock status

The variability of recruitmeBO®2 devi at.
0 R= 0.51) is close to, but slightly lower than, the assumed recruitment
vari abi | i Giyen theair RroximityGhe és)imated population scale and
recruitment are unlikelyo be substantially affected by the recruitment penalty.

5.3.2. Selectivity

The estimated selectivity curvésr each fleetin the basecase model are
shown in Figures-A1 and 512. Both lengtkbased and ageased selectities
were estimated for Fleets 5, 6, 9, 11, 16, 17, and 18 (TabjeL&ngthbased
selections weranodekd as asymptotic or dorshaped, whereas apased
selections were estimated for each age. Temporal variations in timsepk
selectivity wereobservedfor Fleets 5, 6, 9, 11, and 18mong fleets with
estimated lengtivased selectivity (Fleets 1, 2, 3, 4, 7, 8, 10, 12, 20, 21,3nd 2
domeshaped patterns were predominant, with the exception of Fleet 3 with the
asymptotic patternTemporal variations were captured for Flegtsand 22. A
combination of length and age selectiomas used to approximate the gear
specific contact selectivity and the spatial and temporal (seasonal) variation in
availability, respectively. This modeling approgmtimarily contributed tahe
increased number of estimated parameters since the 2016 assetsale,

372 selectivity parameters in the basse model.

Overall the length or agebased selectivity of fleetwith time-varying
selection indicated a graduadr distinct changein selection patterns,
transitioning from catching small (young) fish to large (old) fish in recent years
(Figures 511 and 512). Particularly, the larger (older) fish have become more
available in recent years for Fleet®511, 21, and 22.

5.4. Stock Assessment Results
5.4.1. Bridging analysis from the 2022 stock assessment
As noted in the above sections, the 2024 ltase model incorporated
several key modifications aimed at enhancing its quality compared to the
previous assessment. These included: 1) updating the fishery data up to 2022 FY
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5.4.2.

if available, 2) changing the assessment start year from 1952 to 1983, 3)
eliminating the Japanese troll CPWased recruitment index (S3) for 2011
2016 from the model, 4) using newly available size composition data and catch
data in units of numbers foaganese tuna PS farming operations, 5) improving
the residuals for size composition data by adding model processes, aggregating
the observed data, and/or adjusting the weighting. Among these changes, the
data update was a necessary step, while alteringtdhieyear and removing the
recruitment index for 2022016 were the major modifications likely to affect
the demographic estimates. Here, five model runs were conducted to bridge the
results from the 2022 assessment to the 2024 assessment (Fi)re 5

Model 1: 2022 PBF assessment base case;

Model 2: Simple data update on the 2022 PBF assessment base case;

Model 3: Shorterm model of the model 2;

Model 4: Based on model 3, elimination of the recruitment index for

2011-2016;

Model 5: 2024 PBF assessment base case.

Comparison between models 1 and 2 highlighted the effect of the simple
data update, revealing a downscaling of the relative SSB during the historical
period (1950s to 1970s) and a slightly higher SSB in model 2 after 2010. This
indicates a pessimistic lsian the 2022 stock assessment base case, which was
confirmed by a retrospective diagnostic conducted in the previous assessment
(ISC 2022). Comparison between models 2 and 3 indicated that the assessment
start year did not affect the estimated relativB &8 this assessment. Similarly,
comparison between models 3 and 4 showed a slightly higher SSB in model 4.
The decision to eliminate the recruitment index for 28016 aimed to reduce
the pessimistic retrospective bias seen in the 2022 stock assegasidyig
the slightly higher SSB in Model 4. Additionally, Model 5 showed a slightly
elevated relative SSB during the late 1990s to the early 2000s compared to model
4 but a slightly smaller relative SSB in the terminal year. Based on these results,
the PBFWG concluded that each difference resulting from adjustments in the
assessment model was justified in light of the modifications objectives.

Total and Spawning Stock Biomass

Thepoint estimates of total stock biomass from the fzzs® model showed
long-term fluctuations (Table-2 and Figure 84), ranging from aboutZ3000
t in 1983 to about 187,000 t in 2022. Téstimated total stock biomass showed
a gradual increase since 1@ Spawning stock biomass (SSB) estimates
mirrored this longterm fluctuation pattern (Figure-B4). The highest SSB,
reaching about 160,000 t, occurred in the early $96@he 2022assessment
This assessment confirmed tHa6B peaked at about 80,000 t in 1995 and
declined to aistorical low of about 12,000 t in 2010able 52). Since 2011,
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therehas been a consistent increas83B, resulting in a resurgesio a historic

high of about 144,000 in 2022 Particularly, moderately strong cohorts that
emerged in 2016 and 2017 accelerated the rapid recovery of the biomass at age
5 and older after 2020 (Figurel®). The increasan total and spawning stock
biomass coincides with an overall decline in fishing mortality over the last
decade (e section 5.4.5)

The quadratic approximation to the likelihood function at the global
minimum, using thélessian matrix, indicated that the CV of SSB estimates was
about 17% on average for 198822 and 24% for 2022. The notable high CV
in the terminal yeacouldresult from limited datan the reent recruitments

The unfished SSB (S$B) was estimated by extrapolating the estimated
spawneirecruit relationship under the equilibrium assumpttorebout 622,000
t (Ro = 13.2 million fish). The depletion ratios (SSB/SSB during the
assessment period ranged from 2.0% to 23.2%. Specifittady1,995, 2010, and
2022 SSB corresponded to 12.7%, 2.0%, and 23.2% of-538spectively.

5.4.3. Recruitment

Recruitment estimates (a@efish on July 1st) fluctuated widely without an
apparent trend. Recent strong cohorts were obd@m2007 (23.6 million) and
2008 (21.0 million)while moderate cohorts occurred in 2010 (17.6 million) and
2016 (16.0 million) (Table 2 and Figure 84). The average estimated
recruitment was approximately 12.8 million fish for the entire stock assessment
period (1983022). However,the 2009, 2012, 2014, 2019, and 2020
recruitments were relatively low (8.0, 7.6, 4.9, 7.5, and 6.8 million fish,
respectively).

Recruitment estimates were relatively more uncertain at the start of the
assessment period until 1993 (average CV = 22%, maximum CV = 31%).
Precisionimproved(average CV =.3%) during 19942010with the initiation
of comprehensive size data collection for Japanese fisheries and availability of a
recruitment index. Howevethe recruitment estimates for the past nine years
(20122022) were more uncertain due to the lac& @fcruitment index (average
CV = 25.5%, maximum CV = 53%).

5.4.4. Catch at Age
The catch numbers of PBF at each ageasstimated internally in the stock

assessment model based on growth assumptions, observed catch, and selectivity.
PBF catches haygedominantlypeen comprised of juveniles (age2)XFigure
5-16) throughout the assessment peridplaying distinct phase#®rior to
1994, the catch aage 0 was less than 1 million fish. However, the significant
difference in the amount of composition information available before and after
1994 (Figure 3l) has led to greater uncertainty in the estimated catch numbers
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5.4.5.

5.4.6.

at younger ages before the early 1990s. From the early 1990s to the B800s, t
catch of ag) PBF experieced a substantiahcrease, resulting in fluctuag
estimates averagirground 4 million fish.

After the introduction of management measures by the RFMOs (WCPFC in
2011 and IATTC in 2012), the catch in the number of fish decreased to less than
2 million on average. Subsequent to this, recent management measures,
strengthened since the 2015 calengr (i.e., WCPFC CMM 20102, IATTC
Resolution €18-01), have maintained the catch number at about 1.5 million fish
on average. The catch of age 0 PBF, which has the largest fishery impact on
future biomass, has also significantlgcreasedince the mieR010s due to
stricter controls njuvenile catch in both the EPO and the WCR£3ulting in a
decline in total catch weight

Fishing Mortality

Historically, thePBF stock has experienced a very higihing mortality
(Table 52). SPR values from 1983 to 2014 were consistently below 20%,
leading to a low likelihood of the stock being above 20%S&SEable 52).
Particularly, SPR during the late 2000s averaged about 1%-@@¥). This
very low SPR was caused by the high fishing mortality rate for ageésée
F20022004 in Figure 817).

After 2010, SPR gradually increased, coinciding with the implementation of
the first catch upper limit on both sides of the Pacific Ocean (2011 in the WCPFC
and 2012 in the IATTC). The fishing mortality for age& during 20122014
declined compared todahduring 2002004 (Figure 51L7). Snce 2015, SPR has
increased above 20%, indicating the effectiveness of the strengthened
managemenneasures conjunction with a couple of moderate recruitments in
20152017.

Fishery Impact

The cumulative impact of the different fishery groups on the S@B w
evaluated by simulating the population dynamics while removing each fishery
using the basease model (Wang et al. 200Figure 518 showed (a)the
historical fishery impact on the SSB of PBF and (b) the ratio of fishery impact
within each fishery group. It should be noted thaséhplots weraleveloped
using the longem basecase model to illustrate the historical trajectories of the
fishery impact.

Historically, the WPO coastal fisheries group has had the greatest impact on
the PBF stock. However, since the early 1990s, the WPO purse seine fishery
group targeting small fish (agesl) has had a greater impact. The effect of this
group in 2018 was gater than any of the other fishery groups. The impact of
the EPO fisheries group was large before the b880s, decreasing significantly

66



after that. The WPO longline fisheries group has had a limited effect on the stock
throughout the analysis period. This is because the impact of a fishery on a stock
depends on both the number and size of fish caught by each fleet; i.e., catching
a high nunber of smaller juvenile fish can have a greater impact on future
spawning stock biomass than catching the same weight of larger mature fish.
The impact of discards is more uncertain than other impacts as it is not based on
observed data.

5.4.7. Biological Reference Points

The base case results show that the point estimate cbh&'SBB--0 was
23.2%. As shown in the Kobe pldFigure 519), there vas a continuous
recovery in SSB and shetgrm fluctuationsin fishing mortality (SPR) athe
levels below 20% of SPR is noteworthy that the SPR, at least in the terminal
two years, might be skewed higher. This is because the estimated recruitments
for recent years have high uncertainty due to limited information in the data and
are lower than average, which is onet@f main causes of the recent increase in
SPR..SSB reached the initial rebuilding target (the median of SSB point
estimates during 1952014; 6.3%SSB.g) in 2017, as well as the second
rebuilding target (20%SSEy) in 2021.Additionally, fishing mortality in the
most recent years (204822) is F23.6%SPR, which is a lower rate than some
commonly used ¥ased reference points such as<er F20%SPR (Table 83).

5.5. Sensitivity Analyses
5.5.1. Sensitivity runs assuming alternativeobservation processes
a. Different data-weighting of size composition data

Given the abundance of fleebmposition data, data weighting is an
important topic that could pentially impact the stock assessment results
In the 2024 assessmettte harmonic mean values of the estimated effective
sample sizes for all fleets fitted in the model were higher than the inputted sample
sizes. This indicates a higher predictability of the base case model than initially
anticipated.

A sensitivity run was conducted using an alternative weiglappgoach
on size composition dat@his approaclinvolved downweighing the size
composition datafrom Fleets 2 (Japanese longline in seadetd), 5
(Japanese Purse seine operating in the Pacific Ocean), and 21 (EPO
commercial fishery after 2001). &g fleets were chosen becausethe
likelihood profile diagnostics over the logo Bparameter,they had a
relatively steep slope around tlog Ro value estimated as MLE by the base
case model.

Comparatively, lte fits to the abundance indices were slightiproved
in the dowrRweighting model, resulting ia decrease of @nits of negative
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log-likelihood whenaggregatedcrossall indices.However there was no
improvement in the fits to theze composition data. Overalljslalternative
weighting modehad minimal impact othe estimated spawning biomass
(Figure 520). The PBFWG concluded that the basse results remained
robust to thesize composition data that exhibited potential influence on the
global scale estimat&he PBFWG recommeed further exploration and
research into the nuances of data weighting.

b. Doubling amount of unseen mortality

Recent management measures may hletv&omore discards or releases
for certainfleets. Although data on discaraelimited, the basease model
assumed unseen mortality levels for these fleets (see section 3.6.13). The
implication of ths assumptiorremained uncertajrthus, a sensitivity run
was conducted, assuming that unseen mortal@seouble the assumed
values. Thanodel results were nearly identical to the base case, with the
model able to predict the catches in the discard fleets (Fig@d§.5This
result wasanticipated,as undocumered mortalities have only arisa in
recent years. The PBFWG concluded that the uncertainty in the discard
levels is not critical for this assessment but couifluence future
assessments.

c. Fitting the troll recruitment index for the whole period (19832016)

In previousassessments, the recruitment index based on the Japanese
troll CPUE proved to be a good indicator of recruitment trends 2IE8k3).
However, this continuity was disrupted because of changes in catchability
following the introduction of the new fishery management schemes after
2016 (e.g., individual quotas) (Nishikawa et al. 20Additionally, the
model dignostics suggested potential catchability changes due to shifts in
fishing practices after 2010 (Fukuda 202@pnsequentlythe PBFWG
decidedto exclude the Japanese troll index after 2010 from the 2024
assessment. A sensitivity run was conducted that included the troll
recruitment index for the whole period (198316). This model estimated
lower recruitment levels in 2013022 compared to theasecase model,
resulting in lower estimated SSB (Figur@8). However, this run showed
a degraded fit to the Taiwanese longline CPUE based index (1.4 NLL unit).
This further supported findings from Fukuda (2023), suggesting that
Japanese troll CPUE datathe 2010s could contribute to the pessimistic
bias shown in the retrospective diagnostics of the 2022 assessment.

5.5.2Sensitivity runs assuming alternative system dynamics processes
a. Steepness
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The convergencefdhe previous assesgentmodels were found to be
sensitive to changes in the assumed level of steepness. dmadh
adjustmentsto the specified steepness level resulted in a-pusitive
definite Hessian. To develop a more flexible model capable of
accommodating alternative assumptions for steepness and other
productivity assumptions, the PBFWG developed the short-g&nies
model (Fukuda 2021, Fukuda et al. 2022)ppting it as the basmse model
for the 2024 assessment

Varioussteepness values (I8=9~1.0) were meticulously applied to the
basecase model to illustrate the likelihood profif the steepness
parameterThe base case model converged for almost all runs tested, with
the Hessian being positive definite, except for the runs with h=0.905 and
0.950. The total likelihood had the lowest value within the range of
steepness values from 0.991 to 0.995 (Figurg3), athough the
improvement in the total likelihood was marginal (0.3 NLL unit).

Both size compositions and recruitment penalty components showed
informative gradients (convex function in the negative-likglihood
context) on both low and high sides of the Rigwith the lowest steepness
value at around 0.97 (FigureX3). On the other hand, the CPUE component
showed a onavay decreasing trend in NLL as steepness increased. Given
the presence of both spawner and recruitment indices during the same time
period wth internal consistency among these data as indicated by model
diagnostics, the CPUE component might have information regarding the
steepness. However, the profile likelihoods on steepness did not show any
preference regarding the strength of the stockurggent relationship.

In the run with a lower steepness value at h=0.97, where the recruitment
penalty component showed the lowest NLL, the estimated SSB was similar
to the base case, although relative SSB (SSBESpB®as slightly lower
due to the higher S$B associated with the lower steepness (Figu28%

The PBFWG concluded that further investigation into this area was
warranted, although there was no indication of the critical model
misspecification in this regard.

b. Higher and lower natural mortality for age 2 and older

While the agespecific M used in the assessment is mostly based on
empirical evidence, there is still uncertainty in the M value for older fish.
Sensitivity runsvereconductedassunng either higher or loweralues(by
20%) for age 2 and older. The higher and lower M for agee2tilted in
higher and lower relative SSB than the bease model (Figuré-24),
respectively, aanticipated The PBFWG concluded that the current base
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case modelexhibits insensitivty to the assumptions regarding natural
mortality for age 2 iad older

c. Higher and lower expected variation in the recruitment (sigma R)

Although the estimated variation in recruitment values (0.51) was smaller
than the assumed variation (sigmaR.6) in the base case, the likelihood
profile over the log Rshowed that the recruitment penalty seems to be
pushing the population scale higher. To assess the effect of different
strengths of constraint on the assumed recruitment variation, both higher
(1.0) and lower (0.52) sigmaR values were tested.

A run with higher(1.0) recruitment variation showed an apparently
higher negative logikelihood (12 NLL units) in the recruitment penalty
component than the base case, despitites or dightly smaller NLL values
for both CPUE and size composition components (Taldle Bdditionally,
the estimated population scale was higher than the base case (Fip)re 5
On the other hand, a run with a lower recruitment variation assumption
showed aslightly lower NLL value {1.5 units) in the recruitment penalty
component than the base case, although it showed slightly higher NLL for
the CPUE and size composition components. Thus, it was evident that there
existed a tradeff among likelihood components stemming from the
recruitment penalty and data. Consequettiy,PBFWG chose to retain the
recruitment variation selected in the basse model.
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6. Future Projection

The WCPFC and IATTC defined the median SSB from MLE point estimates
between 1952 and 2014 the initial rebuilding target and 20% SSBas the second
rebuilding target The 2024PBF assessment base castmated that the PBF stock
achieved these rebuilding targets in the 2017 and 2021 fishing years, respectively.
Then, the PBFWG evaluat¢he probability of the stock remaining above the second
target or dber candidate target reference poimgg simulatiorbased projections.

The projected SSB estimatespresentthe medians of 6,000 individual SSB
calculated for each of the 300 bootstrap replicates, followed by 20 stochastic
simulations based on different future recruitment time series. The projecti@dstart
in the 2021FY, since the estimated recruitments for 2021 and 2022 were unreliable
to include in the projection (sections 5.3.1 and 5.4.3). Ayedr demography
projection was conducted, artetprobability of the stock remaining abaveertain
biomass level in 204Was calculated based on 6,000 replicates.

Tables 61 and 62 summarize the resultsf the future projections for each
harvesting scenario and provide the probability of recovery and future expected
yields, respectively. All examined scenarios show that the probability of the stock
being above 20%SSH in 2041 Table 61) is higher than 60%. He expected
fisheryimpact on the projected SSBeach scenariare illustrated in Appendix 1.

Scenario 1 approximates the current management measures, indicating that the
stock would achievéhe relative biomass associated wétlh the candidate target
reference point&20%, 25%, 30%, and 40%f SSBr=o) by the 2041 FY. This scenario
shows a gradual increaseSSB, reaching a levetherethe 2034 SSB is higher than
40%SSB= (Table6-1, Figure 61). The expected fishery impact on the projected
SSB for most fishery groups in scenario 1 generally remains constant throughout the
projected period (Figure-B), with the exception of WPO purse seiners.

Scenario 2, whiclappliesthe conversion of smalfish quota to large fish quota
at the current conversion factor of 1.47ojects asimilar trend but digher SSB in
2034 compared tecenario 1 (Figure-8). In senario 3, wherao fishing is allowed
the SSB would achiewehigher biomass than 80% of SSgby 2034 (Table € and
Figure 64). This scenario highlights the potential productivity of the population. The
expected fishery impact on the projected SSB in scenarios 2 and 3 are shown in
Appendix 1.

3 The F=0
the WCPFC Harvest Strategy is conceptually different from the Based (expected
recruitment at unfished biomass), which has been done by the PBFWG, alththughwo
estimates were close.
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In scenariog-11,as requested lihe RFMOs, the specified recovery probability
and/or impact ratio was approximated during the search for the appropriate increase
levels. More specifically, #e scenarios were fistaned to achieve the 20%SSB
with a 60% probability in 2041. As a result, the catch increases in these scenarios are
notably more aggressive than in otheexhibiting a decreasing trend from a peak
biomass in the late 2020s to the end year of the projecTiom balancef quota
between small and large PBF categories in scenaridsc®nfirms that measures
restricting the catch of small fish are more effective than those on large fish to
maximize the total yieldsT@able 62). The expected fishery impact on the projected
SSB varies among catch increase scenarios, especially when the catch distribution
between small and large PBF is altered (Appendix 1).

Scenario 12, which applies a constant fishing mortality of F30%SPR, leads to the
2034 SSB achieving 30%SS$h. Unlike scenarios-41, this scenario does not show
any decreasing trend in the stock because of the nature of the constant fishing
mortality (Figure 64). This scenario achieves a higher biomass level compared to
scenarios 4.1, with a better total yielthan some of those scenarios (e.g., scenarios
4, 8, and 9) (Figure-8, Table 62).

The projection results assume that the CMMs are fully implemented and are
based onspecifiedbiological and other assumptions. For example, these future
projection results do nancorporateassumptions about discard mortality. Although
the impact of discards on SSB#ativelysmall compared to other fisheries, discards
may need to be considered as part of future increases in catch
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7. Resolvedissues andM ajor Unresolved orFuture Issues

This section highlights the major issudsntified bythe PBFWG in the previous
assessmentategorzedinto 1) resolved issues and 2) unresolved issues or areas for
futureconsiderationThese unresolved issues requaiteentionin future assessments.
This list is not meant to be an-aticlusive list.

Resolvedi ssues

The Proliferation of Fleets,Parameters, andM odel Convergence

The number of countries and fisheries fishing for PBF combined with the
spatial disaggregation of the population age groups has resulted in a proliferation
of fleets modeled since the 2016 assessment. Matching the length composition
data in the assessmambdel requires estimating both lendthsed and age
based selection. Thissulted in 368electivity parameters estimated in the 2022
assessmenSubsequently, ahort timeseries model starting in 1983 limited
issues associated with composition misfit in the early years {1982) and
reduced the number ektimatedpbarameters. This short tinseries model also
resolved the convergence issue with lower steepness values (Fukuda 2021).

Although the cuent basecase model did not encounter serious
convergence issues, given that the increasing trend in the number of parameters
is expected to continue as more years are included, ongoing efforts to reduce the
number of parameters might mitigate the riskcofivergence issues in future
assessments.

SizeComposition Data for Key L ongline Indices

The current assessment relies on two
represent annual changes in the abundance of large mature PBF. To limit the
impacts of migratory patterns, which potentially change the availability of
different size/age groups tak, data analysis has proceeded on seasonal and area
subsets of those fleets (see section 3.6Rfent composition data suggested
that even with these data analysis considerations, the Japanese longline (Fleet 1),
which associated with CPUE, is seeing an influx of new migrants in the observed
size compositions and CPUE (Tsukahara et alL02e influx of new migrants
is smaller in size and may represent newly recruited spawners to this fleet as the
population rebuilds, changes in how fishermen fished making smaller fish more
likely to be caught caused by management, or seasonal migrantisetttzita
preparation, as mentioned earlier, attempted to remove. To addresukhis,
setting ofrecent composition data aremoval of smaller sizes of fish froteet
1 wereconductedso that the observed CPUE would be a reliable indicator of
changes in abundance with a consistent selectivity pattern.

73



Additionally, areaweighted size composition data for Fleet 1 (Tsukahara e
al. 2024) were presented to estimate the selectivity of the S1 Japanese longline
index during the 2024 assessment meeting, and the PBFWG considered that
standardization of the sizmmposition data by the index value would further
improve the internal consistency of the observation model. This approach is also
applicable to the Taiwanese longline index (S5).

Unresolved or future issues

Fisheries with aStrong Modal Distribution of Length

Several fisheries with observed length compositions indicated a steep
increase in selection on the first few sizes taken. Given the parametric selectivity
currently used, parameters associated with describing the ascending limb of
selectivity have littlennformation on their values because selectivity is changing
rapidly within a single size birExploration ofalternative model structures or
data preparation methods (e.g., smaller size bins) may be necessary to resolve
this issue. This issue is somewhat related to isdug, &as these poorly informed
parameters can cause convergence issues.

CPUE for KeyLongline Indices

The current assessment relies on two
represent annual changes in the abundance of large mature PBF. Changes in the
catchability of longlindleets, particularly due to management measures such as
Individual Quota (IQ), pose challenges for the reliability of CPUE indices. This
is why the Japanese longline Index (S1) halted in 2Alt8ough theTaiwanese
longline fleet has not reached its catch upper limit so far, their future catch is
expected to approach their limit more rapidly than before, given the rapid
recovery of the SSBn future assessments, the WG may need tonoueeffort
into ensuing that any new regulations féileet 3 do not cause the changes in
catchability. Additional efforts should be made to develop a new index of
abundance for large, mature PBF.

UnseenM ortality or Discards

Management measures enacted over the last 7 years have resulted in the
increasing abundance of juvenile age classes. More restrictive management,
coupled withthe potential for rapid increases in local abundance, may result in
increased bycatch andsequenteleaseof unwanted sized PBF. The working
group attempted to deal with this potential problgradddngunseen mortalities,
but its magnitude is poorly understood. Depending on the relative magnitude of
this unseen fishery mortality, this issue, unless adequately understood, may
potentially weaken the strong relationship between observed catches, the
produ¢ i on function, and the model s abil it
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of fishes taken in the I ongline fleets.

backbone of the current assessment and has allowed for strong model stability
and improved its predictions. Measures to either account for this unseen
mortality or elimirate it should be explored.

Recruitment Estimates in the Terminal Decade

To resolve the negative systematic retrospective pattern, the recruitment
index during 20142016 was eliminated from the 2024 basse model. While
this action improved the consistency of the bease model, it resulted in the
absence of a recruitmentdex for the last 12 annual cohorme of these
cohorts have already been subject to selection by the longline fleets associated
with the abundance index fdarge PBF, allowing for estimation of their
strength. However, there is only catch and size data about the cohorts recruited
in the terminal several years, leading to a data gap and large CVs in the estimated
recruitments after 2012 in the bassgse model

The current PBF assessment applied SPR to characterize the fishing
intensity, which is impacted by the F at young ages (e.g., agesDlie to the
large CVs in several terminal recruitments, there was also a large CV in the
terminal SPR. To more precisebharacterize the status of the stock in the
terminal year, there is a strong need for an alternative recruitment index that can
maintain the internal consistency of the model. Fujioka et al. (2024) presented
updated results of the recruitment monitoringgsgam conducted in Japan.
Although there was a clear difference in the catchability between the monitoring
results of conventional operations and chartered operations, this survey could be
a step towards resolving terminal recruitment uncertainty. Thgrgmoshould
be continued with additional evaluation of the catchability difference issue as
well as ensuring the internal consistency within the stock assessment model.
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TABLES and FIGURES

Table 1-1. Definitions ofcalendar year, fishing year, and year class used in the Pacific bluefifitunaus orientalistock assessment.
Note the2024assessmeriitase casmodelends in fishing year 2022.

Fishing year 2020 2021 2022
Season Seasonl; Season2| Season3; Season4| Seasonl; Season2] Season3; Season4| Seasonl; Season2; Season3; Season4
Fishngmonth {1 2 3 4 5 6 7 8 9 1011121 2 3 4 5 6 7 8 9 1011121 2 3 4 5 6 7 8 9 10 11 12
SSB SSBin 2020 SSBin 2021 SSBin 2022
Zgy of birth in Birthday of 2020 yr class Birthday of 2021 yr class Birthday of 2022 yr class
Recruitment Recruitment in 2020 Recruitment in 2021 Recruitment in 2022
Year class 2020 yr class 2021 yr class 2022 yr class
Calender year 2020 2021 2022 2023

7 8 9 1011 12;1 2 3 4 5 6

Month

7 8 9 10 11 12;1 2 3 4 5 6

7 8 9 10 11 12i1 2 3 4 5 6
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Table 2-1. Age-lengthweight relationship at the beginning of the fishing year derived
from the von Bertalanffy growth curve and lengtkight relationship used in the Pacific
bluefin tunaThunnus orientalistock assessment.

Age Length(cm) Lt+SD Lt-SD Weight (kg)

0 19.1 24.3 13.8 0.2

1 58.6 69.4 47.9 4.4

2 91.4 101.0 81.8 16.1
3 118.6 123.3  113.8 34.4
4 141.1 146.7 1354 58.4
5 159.7 166.1  153.3 85.1
6 175.2 182.2  168.2 112.7
7 188.0 1955 180.5 139.6
8 198.6 206.6 190.6 165.0
9 207.4 215.7 199.1 188.2

[EEN
o

214.7 223.3 206.1 209.0
11 220.7 229.6 2119 227.3
12 225.7 234.8 216.7 243.4
13 229.9 239.1  220.7 257.2
14 233.3 242.7  224.0 269.1
15 236.2 245.6  226.7 279.2

16 238.5 248.1  228.9 287.7
17 240.5 250.1 230.8 294.9
18 242.1 251.8 2324 301.0
19 243.4 253.2  233.7 306.1
20 245.7 255.5 235.8 314.7
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Table 3-1. Definition of fleets in the stock assessment of Pacific bluefin Timmnus orientalis

Fleet # Fleet name Unit of : Gears included .-ihl.mdance
Catch Representative component Component 2 Component 3 Component 4 index

Fleet 1 JPN LL (Seas 4) Weight |JPN Longline (1952-1992) JPN Longline (1993-2016, Season 4) 51,82

Fleet 2 | JPN LL (1993-) (Seas 1-3) | Weight |JPN Longline(1993-2016, Season 1-3 ) JPN Longline(2017-2020 )

Fleet 3 TWN_LLSouth Weight |TWN Longline (South area) Out of ISC members (NZ, AU, e‘rc_)"‘j S59

Fleet 4 TWN LLNorth Weight |TWN Longline (North area)

Fleet 5 JPN TPS PO Weight |JPN Tuna Purse seine in Pacific Ocean

Fleet 6 JPN_TPS_SO7J Weight |JPN Tuna Purse seme in the Sea of Japan TWN Purse seine*’

Fleet 7 | JPN TPS SOJ (Farming) | Number |JPN Tuna Purse seine in the Sea of Japan for Farming

Fleet 8 JPN SPPS (Seas 1.3.4) Weight |JPN Small Pelagic Purse seine (Season 1.3.4)

Fleet 9 JPN SPPS (S2) Weight |JPN Small Pelagic Purse seine (Season 2)

Fleet 10 JPN _SPPS (Farming) Number |JPN Small Pelagic Purse seine for Farming

Fleet 11 KOR LPPS Weight |KOR Large Pelagic Purse Seine KOR Trawp! KOR Setnet™ KOR Troll'!
Fleet 12 JPN Troll (Seas 2-4) Weight |JPN Troll (Season 2-4) S3, 54
Fleet 13 JPN Troll (Seas 1) Weight |JPN Troll (Season 1)

Fleet 14 JPN_Troll (Faming) Number |[JPN Troll for Famming

Fleet 15 JPN PokLine Weight |JPN Pole-and -Line JPN Driftnet*3 TWN Driftnet*3 TWN Others*4
Fleet 16 JPN Setet (Seas 1-3) Weight |JPN Setnet (Season 1-3) JPN Mis cellaneous (Season 1-3)

Fleet 17 JPN Setnet (Seas 4) Weight |JPN Setnet (Season 4) JPN Mis cellaneous (Season 4)

Fleet 18 JPN Semet (HK AM) Weight |JPN Semet in Hokkaido and Aomori

Fleet 19 JPN_ Other Weight |JPN Others

Fleet 20 EPQO COMM (-2001) Weight |USA Commercial Fisheries (PS, Others) MEX Commercial Fisheries (PS, Others)

Fleet 21 EPO COMM (2002-) Weight |MEX Commercial Fisheries (PS, Others) USA Commercial Fisheries (PS, Others)

Flest 22 EPQ Sports (2014-) Number |USA Recreational Fisheries (2014-)

Fleet 23 | EPO Sports early (-2013) | Number |USA Recreational Fisheries (-2013)

Fleet 24 WPO _Disc_Weight Weight |Discard amount for WPO

Fleet 25 WPO Disc Num Number |Discard number for WPO

Fleet 26 | EPO Sports Disc Num | Number |Discard number for EPO

*1 Catch for Korean Trawl, Korean Setmet and Korean Troll are inchluded in the input data until the 2022 stock assessment.
*2 Anmal catches for Taiwanese PS are put info the Season 1 in the input data.
*3 Anrmal catches for Japanese and Tatwanese Drifnets are put into the Season 1 in the input data.
*4 Anmal catches for Japanese and Tatwanese Others are put mto the Season 4 in the input data.
*35 Ammual catches of out of ISC PB FWG members are put imnfo Season 1 in the nput data.
Note: Seasons follow the fishing vear.
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Table 3-2. Pacific bluefin tunarhunnus orientali€atches (in metric tons) by fisheries,
for the calendar years 192922. Blank indicates no effoi0 dndicates thafishing

ef fort was r ep o rindieatks bdlowt499%ky eatclamdti-i imdicate§ + 0
unreported catch or cat@éhformationnot available

Calend Japan (JF)
dar

Y=r | Purse Seine Longline Troll Pok andLine  SetNet Others

1952 2594 667 2198 1.700)
1933 3040 160
1954 3088 2646
1953 2951 1.151]
1956 2672 385
1957 1683 414
19358 318 215
1959 3136 167
1960 5910 369)
1961 6364 599
1962 3,769 293
1963 6077 294
1964 3140 1884
1965 23569 1.106
1966 1370 129)
1967 878 302
1968 500 217,
1969 878 195
1970 607 224
1971 697 317
1972 512 197
1973 838 636|
1974 1177 734
1975 1061 308|
1976 320 1237
1977 338 1,052
1978 648 2276|
1979 729 2429
1930 811 1953
1981 390 2633
1982 718 1.709]
1983 217 1117
1934 142 368
1985 103 1175
1936 102 719
1987 21 443
1938 157 493
1939 209 283
1990 267 455
1991 213 630)
1992 313 1,081
1993 812 365
1994 1206 308
19935 678 386)
1996 201 570
1997 1300 811
1998 1235 T00)
1999 1157 709)
2000 933 L125 639
2001 7091 1366 782
2002 341 1,100 631
2003 1237 830 445
2004 1847 396 514
2005 1925 218 348
2006 1121 141 777
2007 1,762 1503 637
2008 1390 2358 770
2009 1,080 2236 375
2010 890 1.603 4953
2011 837 1651 283
2012 673 1,932 343
2013 784 1415 329)
2014 683 1907 499
2015 648 L2402 431
2016 601 1228 308
2017 913 2221 663
2018 700 in 9 643 431
2019 1,002 720 0 931 372
2020 1416 760 1 13482 332
2021 1551 633 0 L74 440
2022 1587 1079 13 2126 603]

1 Partof Japanese catch is estimated by the WG from best availible source for the stock assessment use
2 Japanese troll catch since 1998 includes catch for farming.
3 Catch of mostrecent year & provisional
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Table 3-2. Cont.

Korea (KB)' Taiwan (TW
Calendar i

Year |Pyrse Seine  Longline Setnet Troll Trawl TS;‘; Longlire Setnet  Purse Seine 2“;2’;:2)0[ g:;ﬁ[[ Others Sub Total
1932

1933

1934

1933

1936

1657

1938

1939

1960

1961

1962

1963

1964

1963 34 34
1966 0]
1967 33 33
1968 33 33
1969 23 23
1970 0
1971 0 1 1
1972 0 14 14]
1973 0 33 33
1974 1] 47 13 62
1973 3 61 3 66|
1976 b] 17 2 19
1977 0 131 2 133
1978 3 66 2 63
1979 0 38 - 38
1930 0 114 b 119
1931 0 179 - 179
1932 3 0 31 207 2- 209)
1983 13 0 13 175 9 2- 136|
1984 4 1 3 477 3 3 480
1683 1 0 1 210 30 11- 301
1986 344 0 344 0 16 13- 29
1687 3¢ 13 102 363 i 14- 400
1933 32 0 32 108 197 37 25 367
1039 n 1] mn 205 259 i1 3 518
1990 132 1] 132 189 149 209 16} 633
1991 263 0 263 342 - 107 12 461
1992 248 0 288 464 73 3 b 343
1993 40 0 40 471 1 3 473
1994 0 0 30 539 - 539
1995 a1 0 81 333 2 337
1996 102 0 102 936 - - - 036
1997 1,054 0 1034 1814 - - - 1814
1998 138 0 138 1910 - - - 1910}
1999 256 0 236 3089 - - - 3089
2000 2401 0 0 2401 2780 - 1 1 2,782
2001 1176 0 10 1.186) 1839 - 2 2 1343
2002 %52 0 1 933 1523 - 3 1 1527
2003 2,601 0 0 2601 1863 - 10 11 1884
2004 73 1] 0 773 1714 1 2 1717
2005 1318 1] 9| 1327 1368 1- - 1 1370)
2006 1,012 0 3 10135 1149 1- - - 1,150]
2007 1281 0 4 1285 1401 2- 3 - 141
2008 1,866 0 10 1576] 979 1- 1 - 031
2009 936 0 4 249 am 1- 10 - 213
2010 1.196 0 16 1212 ERE] 20 - 7 - 409
2011 610 0 + 14 634 202 16 - 7 1 316
2012 141 0 2 1423 210 2- - 2 214]
2013 604 - 1+ 0 603 331 2- 1 - 334
2014 1,305 ] 0- 1311 483 38 - 4 - 323
2013 676 1 0 677 352 23 - 1 - 378
2016 1,024 3 0 2 1,029) 434 - + - 434
2017 T34 3 6| 743 413 - - + 415
2018 323 7 3 333 381 - 3 + 384
2019 2 36 3 381 436 2- 2 2 462
2020 367 35 3 603 1149 1- - - 1150
2021 02 84 3 509) 1478 - + - 1478
202 634 21 6| 881 1496 - + - 1.496|

4 Catch statistics of Korea derived from Japanese Import statistics for 1982-1999.
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Table 3-2. Cont.

United States (US) Mezico (MX) Out of ISC member:
Gtz | bt Pok and Hook Purse Sub Puse | Sb | | e Grand
T iy Longlie T TollGTe Ofters LT Spat | i[Ot ST | o Zealand | Other’ Fotal
g NZ)

1552 2076 ] 2078 N N 2078 15162
1953 4433 48 4481 - ; 4431 20110
1854 9537 1| o548 - . 9548 20547
1955 6173 03| 6266 - . 6.266 31,088
1856 577 388 6113 - . 6.115 40144
1957 9215 73| 9288 - ; 9288 36543
1858 13934 10| 1304 - . 15044 28384
1050 36 3506 13| 3575 21| 203 378 10074
1560 + 4347 1| 4548 - ) 4543 25,885
1561 6 7989 23| sams - 130 130 8158 30310
1962 + 10769 25| 10704 - 204l 204 11,088 3278
1963 2 11832 7| 11887 -4l s o 35031
1964 39 9047 71 emes o3| 131 omd 28517
1863 1 + 6 6323 i| s - 2sel 23| 6.9 27.030
1966 12 15450 20| 15482 o 438|435 15017 30986
1967 + 5517 32| 5549 - 3| 3| so 20,701
1568 8 5173 2| 53 - 195|195 588 21615
1969 0 6637 15| 681 N . 16400
1670 + 3873 1o 380 - % 0| 304 11420
1071 + 7804 g 7802 o 3ss| sss| 8367 17.088
1972 3 £ 1165 15| 11716 - 1546 1646 13362 21190
1673 3 + 0 9s30 54 ems - 1084 1084 10802 19,360
1074 : + 0 5243 sg| 531 o | a4 sl 20641
1975 83 1 7353 3 7471 o 2145 2145]  og§ 20907
1576 n + 3 86% 2| 88 - 1968 1968 10.666 19298
1677 10 30 3230 1o 3201 - 2186 2186 5477 18789
1978 4 2 4863 5| a6m o sas| sas| 5219 26855
1970 5 1 5880 1| 52006 - a3l sl s 31679
1980 + u 2377 71 2358 - ossl s 294 22594
1981 4 + 10 + 867 ol %00 -8l 28 108 34612
1982 9 1 + 2630 1| 2660 - 508l sos|  3.166 20375
1983 31 59 2 60 Bl T4 - o4l 24 o8 20631
1984 6 1 5 8 673 I ) - 166  166| 18 11551
1985 8 w3320 go| 3437 - 67 676 4113 16078
1986 16 4 4851 2| 40 - 180 180 5109 19252
1087 2 8 861 34 015 - 19l 19| 104 15488
1988 4 %5 93 § o1 1 447 448 14m 8.960)
1980 3 8 1046 12| 1179 - 57 5711 1236 10912
1990 1 g 1380 65| 1.7 - 50) so|  1.587 8585
1991 4 2 + 410 92| 58 - 9 9 517 2 15.761
1992 9 3 4 1828 10| 2099 - 0 o 2009 0 13977
1903 32 2 o s 183 %6 0 %, 6 o 10787
1004 2 30 i 006 6| 1091 2 63 65| 111§ 2 i| 16304
1995 20 » + 67 M3 1 - 1 | w2 2 i| 2920
1996 43 3 2 + 4639 40| 479 - 37000 300 8449 4 23509
1907 58 % 1 £ 2240 131 2304 - e ser| 287 14 430
1908 0 5 128 0 171 4| 24 - 1 i| 2475 2

1999 n 5 20 8 184 408 77 3 2369 2404  3.180 21

2000 30 19 1 1 693 319 1073 % 3019 3118 4191 21

2001 35 6 6 1 200 344 4 - s s 1547 50

2002 7 2 1 2 50 613 675 21708 1710 2383 56

2003 14 1 3 2 355 %5 £ 3201 3254 369 4

2004 10 1 + 30 61 4 s8s0] 884l  agss &

2005 5 1 1 201 3 o 434|454 4®3 2

2006 1 1 + 04 26, - o306 o806 0002 %3

2007 2 + + 0 2 56, o 4147 4247 4203 14

2008 1 + + 63 64 15 4407 4422|4486 14

2008 3 1 0 2 40 158 s - 3019 3019 3.1 16

2010 1 0 0 88 89 - 7746|7746 7.835 14 7,

2011 8 0 0 100 23 3 12wt 273 30T 23 7102
2012 4 0 0 £ 400 a2 1 6668 6668 7.1 13 1| 14855
2013 7 1 0 3 wo| 0 3154 3154 3004 u 11348
2014 5 + + 2 -4 4200 w8 4362 4382|5600 ) g 17119
2015 4 + 7 - 86 400 497 3082 3082 3579 1 4 11240
2016 9 1 0 31 - 316 3| me 2708| 2708|3438 19 2| 13296
2007 1 1 + 18 + 466 463 o9 3643 3s43 4 14 8| 14763
2018 18 1 + 31 4 s 61 2840 2840 3441 0 of 10304
2019 10 2 1 36 1 26 4mf s 2240|2240 3004 3 3 11612
200 2 2 + 87 1 116 750 84 3285 3283 4269 % o 14081
2021 55 1 + 116 3 43 1248 1467 3027 3027 4404 0 o 15107
202 20 2 0 149 1 198 1367 1737 3194 3104 4831 3 4 17458

3 US in 1932-1938 contains catch from other countries - primarilty Mexico. Other includes catches from gillnet, troll pole-and-lne, and longline.
6 Catches by New Zealand from 1991 to 2006 are derived from the Ministry of Fisheries, Science Group (Compilers) 2006: Report from the Fishery Assessment
7 Catches by Other countries are provided by WCPFC vear book.
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Table 3-3. Quarterly catch of Pacific bluefin tuffdaunnus orientali®y fleet and for the fishing year 192822.

5 Number
Weight (mf) 1000 fish)
F;S:::g Season
Fleet1 | Fleet2 | Fleet 3| Fleet4 | Fleet5| Fleet 6| Fleet 8 | Fleet 9 | Fleet 11| Fleet 12| Fleet 13| Fleet 15| Fleet 16| Fleet 17| Fleet 18| Fleet 19| Fleet 20| Fleet 21| Fleet 24| Fleet 7 | Fleet 10 Fleet 14| Fleet 22| Fleet 23| Fleet 25| Fleet 26
1983 1 8 2262 570 3 21 897 143 113 631 1.4
1983 2 15 2 1925 131 210 74 310 125 11
1983 3 41 1 287 33 380 3 72
1983 4 94 477 2448 2 116 431 138 144 0.2
1984 1 20 1184 807 1 28 588 311 343 563 2.7
1984 2 9 1 1558 391 413 215 336 90 0.5
1984 3 24 0 538 1011 265 3 62
1984 4 74 210 2897 0 135 464 358 153 1572
1985 1 8 889 448 0 12 961 229 714 1264 4.9
1985 2 8 0 1165 120 352 488 447 1126 0.3
1985 3 19 84 224 74 369 3 109
1985 4 84 70 6340 130 460 547 118 428 0.1
1986 1 8 1072 16 70 5 668 375 564 3759 0.6
1986 2 5 60 1238 212 553 387 403 801
1986 3 20 22 354 1089 274 2 93
1986 4 195 365 4874 34 15 132 299 89 31
1987 1 20 3550 250 18 6 519 193 612 813 0.8
1987 2 9 15 505 98 297 432 187 63 1.2
1987 3 19 8 89 146 94 1
1987 4 123 108 1027 16 12 357 113 45 221
1988 1 35 2010 742 7 15 796 87 228 974 0.2
1988 2 10 6 6 1020 42 118 157 127 227 0.2
1988 3 27 3 17 259 68 86 0 7
1988 4 190 205 2134 3 27 27 356 125 24 0
1989 1 20 3623 580 88 15 88 411 81 186 988 5.2
1989 2 4 20 12 529 146 114 132 110 130 1.3
1989 3 21 32 166 17 165 1 16
1989 4 280 189 360 5 50 92 213 133 26 1
1990 1 24 2474 149 32 27 3 830 64 90 1311 3.5
1990 2 10 118 23 990 47 179 60 199 194 0.2
1990 3 16 99 65 636 30 421 1
1990 4 193 342 646 26 100 161 79 288 49 86
1991 1 14 2 3466 224 182 54 82 429 123 146 334 4.9
1991 2 14 5165 46 1191 103 363 95 414 5 0.4
1991 3 36 394 71 274 18 183 2
1991 4 462 464 1677 2061 109 35 332 68 11 0.1
1992 1 10 0 2183 469 255 59 944 173 116 1650 8.3
1992 2 20 198 50 642 65 269 66 193 328 0.2
1992 3 15 582 10 145 12 102 1
1992 4 708 471 1243 751 15 34 38 280 27 45
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Table 3-3. Cont.

5 Number
Weight (mf) 1000 fish)

F;S:::g Season

Fleet1 | Fleet2 | Fleet 3| Fleet4 | Fleet5| Fleet 6| Fleet 8 | Fleet 9 | Fleet 11| Fleet 12| Fleet 13| Fleet 15| Fleet 16| Fleet 17| Fleet 18| Fleet 19| Fleet 20| Fleet 21| Fleet 24| Fleet 7 | Fleet 10 Fleet 14| Fleet 22| Fleet 23| Fleet 25| Fleet 26
1993 1 62 6 3831 83 99 8 48 204 161 32 525 10.4
1993 2 37 12 7 320 36 230 16 207 113 0.1
1993 3 42 0 25 12 67 0 70 1 2
1993 4 1085 559 2677 562 19 15 17 481 16 4 0.1
1994 1 77 3 3973 694 14 10 458 206 168 36 967 2.1
1994 2 22 185 9 3570 65 356 31 272 58
1994 3 11 1 406 202 2475 9 132 0
1994 4 616 334 2040 254 309 733 136 256 23 0
1995 1 35 2 2798 496 4055 168 440 143 243 213 716 16.0
1995 2 25 8860 142 1130 94 788 205 476
1995 3 31 0 1355 25 136 5 84
1995 4 827 956 3124 140 38 57 1 253 16 757 1.6
1996 1 25 4 1967 450 451 21 256 90 129 142 7652 11
1996 2 26 0 158 18 3191 66 416 110 503 0
1996 3 27 1 594 259 846 1 114 1
1996 4 1215 1810 1402 1113 397 550 4 199 6 61 3.0
1997 1 27 17 4027 708 3000 215 224 113 165 20 2638 5.4
1997 2 44 2 2309 183 1120 25 246 53 702 41
1997 3 18 1 559 46 605 2 158 1 4
1997 4 1150 1899 13 518 71 515 2 131 15 8 0.7
1998 1 53 32 2376 326 549 38 131 108 114 29 2017 235 20.5 235
1998 2 46 1 1049 33 1613 64 359 68 609 24 0.8
1998 3 33 1 686 63 798 10 317 1
1998 4 1076 3076 5592 986 96 360 2 329 32 2280 0.6
1999 1 25 34 5448 579 2228 52 129 65 133 16 442 107.2 35.2 107.2
1999 2 41 4 653 44 2101 17 391 46 482 49 1.0
1999 3 39 3 651 747 1456 1 168 0 0.1 0.0
1999 4 893 2773 3403 2380 1597 770 83 164 5 669 8.0 0.0
2000 1 15 31 4042 747 3214 30 117 66 154 87 3204 190.9 12.6  190.9 0.0
2000 2 12 2 2048 27 2780 6 475 72 638 0.0
2000 3 8 6 898 963 934 358 1 0.1 0.0
2000 4 749 1807 5 981 2914 179 464 4 189 45 382 0.7 0.0
2001 1 13 75 1918 239 409 9 83 167 73 174 821 274.6 20.8 274.6 0.0
2001 2 26 3 261 37 1847 113 293 232 683 1.4 0.0
2001 3 76 10 62 160 988 17 113 0.1
2001 4 671 1479 10 556 2126 175 697 51 117 6 275 1.3 0.0
2002 1 45 82 2767 599 959 509 37 224 157 235 1497 358.2 309 358.2 0.0
2002 2 56 5 1835 88 706 24 231 251 409 1.9 0.0
2002 3 95 9 99 238 520 11 84 0.0
2002 4 992 1807 185 1771 394 824 34 87 54 590 0.5 0.0
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Table 3-3. Cont.

. Number
Weight (m() (1000 fish)

F)I/s:;r:g Season

Fleet1 | Fleet2 | Fleet3 | Fleet4 | Fleet5 | Fleet6 | Fleet8 | Fleet9 | Fleet11 | Fleet 12 | Fleet 13 | Fleet 15| Fleet 16 | Fleet 17 | Fleet 18 | Fleet 19 | Fleet 20 | Fleet 21 | Fleet 24 | Fleet7 | Fleet 10 Fleet 14 | Fleet 22 | Fleet 23 | Fleet 25 | Fleet 26
2003 1 78 95 200 571 783 88 80 58 96 291 2704 441.9 20.8 4419 0.0
2003 2 85 4 2159 1881 416 6 156 71 403 0.9 0.0
2003 3 116 6 38 53 182 5 109 3 0.0
2003 4 1380 1636 609 1144 556 54 15 266 47 3620 0.7 0.0
2004 1 154 148 2225 2100 10 59 78 114 136 81 5285 525.6 2.8 525.6 0.0
2004 2 205 2 2131 105 1868 94 186 68 421 0.0 0.0
2004 3 122 1 586 720 1173 164 379 15
2004 4 1602 1270 43 264 1888 264 906 321 572 217 1986 0.4
2005 1 106 96 7 3694 3280 222 293 171 414 137 2764 453.8 5.3 453.8 0.0
2005 2 108 1 3029 121 1034 30 346 102 413 0.1
2005 3 81 8 59 220 513 68 284 7 640 0.0
2005 4 873 1061 49 940 2412 339 85 23 356 135 4714 5.4 0.0
2006 1 115 59 692 2012 252 354 251 315 148 328 4573 632.6 2.3 632.6 0.0
2006 2 62 1 2513 102 695 17 229 69 331 1 0.0
2006 3 61 3 485 376 228 32 253 10 0.0
2006 4 1022 1250 95 479 1059 13 70 15 270 127 1424 0.3
2007 1 66 66 4 364 2123 363 121 101 238 150 381 2723 876.4 0.7 876.4 0.0
2007 2 71 0 1968 776 1985 105 314 52 1013 44 0.0
2007 3 99 6 214 581 619 12 268 2 0.0
2007 4 802 772 175 1 1610 1003 220 30 844 239 1794 0.5 0.1
2008 1 33 41 2 3028 3007 62 72 287 389 186 2613 607.0 10.0 607.0 0.1
2008 2 40 1 2361 230 1163 14 455 95 797 1 0.0 0.0
2008 3 39 6 702 518 868 1 449 1 0
2008 4 662 612 186 1 2177 213 241 13 1031 276 1209 0.5 0.0
2009 1 26 88 3 828 1299 2891 97 62 108 180 181 2221 255.8 11.6 255.8 0.0
2009 2 23 1 181 112 703 43 143 106 677 3 0.3
2009 3 35 4 718 617 264 0 342 1 0.0
2009 4 400 255 78 35 1390 424 38 36 566 264 2447 3.5 0.0
2010 1 27 48 35 1052 123 26 20 179 190 79 5300 563.4 4.2 563.4 0.0
2010 2 10 1 388 145 979 44 237 9 693 1 0.8
2010 3 25 3 67 191 492 29 374 4 0.0
2010 4 372 183 76 3058 429 298 34 380 384 451 1.9 0.0
2011 1 49 58 320 1906 611 21 39 38 158 148 2379 375.0 28.6 375.0 0.0
2011 2 32 1 2377 43 789 22 217 36 567 19 12
2011 3 20 2 9 163 242 70 360 5 1 0.0
2011 4 189 139 50 3 530 674 7 45 500 151 1286 4.0
2012 1 24 32 199 841 261 559 2 103 205 514 5421 180.4 35.0 180.4 0.0
2012 2 13 1 620 28 233 0 176 54 644 3 1.0 0.0
2012 3 28 4 9 76 256 2 273 4 0
2012 4 237 180 123 12 743 493 19 6 372 170 1368 3.0 0.0
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Table 3-3. Cont.

. Number
Weight (m() (1000 fish)

F)I/s:;r:g Season

Fleet1 | Fleet2 | Fleet3 | Fleet4 | Fleet5 | Fleet6 | Fleet8 | Fleet9 | Fleet11 | Fleet 12 | Fleet 13 | Fleet 15| Fleet 16 | Fleet 17 | Fleet 18 | Fleet 19 | Fleet 20 | Fleet 21 | Fleet 24 | Fleet7 | Fleet 10 Fleet 14 | Fleet 22 | Fleet 23 | Fleet 25 | Fleet 26
2013 1 28 a7 268 1729 10 1 22 81 132 204 1788 263.9 56.7 263.9 0.1
2013 2 15 1 0 2 35 a77 3 217 82 895 8 4.6 0.0
2013 3 9 2 79 518 789 0 306 2 2 0.0 0.0
2013 4 311 252 216 0 2459 783 60 43 818 285 4036 1.4 0.0
2014 1 21 24 1 a7 2203 654 5 40 125 92 231 1228 61.3 24.7 61.3 0.1
2014 2 26 1 14 0 97 1 107 110 679 2 1.7 0.1
2014 3 39 3 246 607 60 7 76 1 1 0.7 0.0
2014 4 191 315 237 939 86 5 18 12 388 261 3133 121.2 2.2 0.0
2015 1 25 16 0 1864 27 0 19 11 88 210 43 27.4 242.6 25.5 242.6 0.3
2015 2 47 1 7 65 233 6 7 167 808 3 0.2 0.0
2015 3 72 3 1 981 153 5 116 0 0 0.0
2015 4 217 246 215 1287 97 33 82 5 199 283 2716 267.4 24 0.1
2016 1 83 10 1772 463 6 224 8 135 183 329 15 260.5 8.1 260.5 0.2
2016 2 20 1 805 9 213 52 254 62 769 16 2.0 0.0
2016 3 50 1 83 738 178 31 479 1 1 0.1
2016 4 358 239 172 1620 131 0 6 64 368 175 3650 1.9 218.7 1.7 0.0
2017 1 37 24 1 1412 111 3 82 32 259 518 479 0 1.0 163.9 9.6 163.9 0.3
2017 2 35 1 375 2 299 1 109 316 1038 205 5.2 0.1
2017 3 59 3 11 530 81 30 148 1 418 27| 0.6 0.0
2017 4 354 269 115 1571 81 15 28 209 36 2429 171 2.9 245.5 1.9 12.3 0.0
2018 1 11 23 1229 124 42 5 98 37 40 0.6 0.6 217.9 6.6 217.9 0.4
2018 2 33 0 95 5 196 8 110 7 533 17 168 5.0 0.1
2018 3 195 8 8 542 375 36 312 1 2007 116| 0.0 0.0
2018 4 429 313 173 1567 152 16 51 12 233 52 7 1 4.3 232.1 5.2 12.1 0.0
2019 1 14 17 0 1072 449 10 39 7 101 171 248 0 2.1 33 155.0 10.3 155.0 0.0
2019 2 29 4 216 12 198 6 76 12 647 12 199 3.2 0.0
2019 3 126 19 9 447 293 20 433 0 3288 149 0.2 0.0
2019 4 740 968 194 1556 66 115 108 26 260 191 11 6| 3.4 182.8 19 10.9 0.0
2020 1 19 12 2 1308 2 32 55 8 146 124 165 2| 0.8 30.7 126.1 28.4 126.1 0.3
2020 2 110 0 289 12 246 4 147 43 907 47 194 7.3 0.0
2020 3 124 12 4 99 305 23 799 0 3029 193 0.1
2020 4 591 1170 320 1495 20 327 44 16 282 176 5 16| 4.2 240.0 18.5 12.7 0.1
2021 1 22 17 0 1210 35 a7 57 13 148 156 147 1.0 8.4 136.0 33.8 136.0 0.4
2021 2 279 1 370 37 197 3 159 27 972 56 191 4.8 0.0
2021 3 405 5 105 667 507 44 937 0 3200 203 0.2
2021 4 537 1017 490 1676 49 70 176 29 472 145 14 5.0 287.7 22.7 14.9 0.3
2022 1 47 17 1 1306 69 127 45 9 189 191 300 1.7 2.7 135.9 25.7 135.9 0.1
2022 2 111 4 257 17 273 4 162 58 1052 42 212 10.9 0.1
2022 3 340 29 61 404 441 34 766 0 3400 217| 0.1
2022 4 527 1560 588 716 41 108 254 34 451 170 15 7.8 244.0 16.1 12.6 0.3
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Table 34 (a). CPUEbased abundance indices used in the-base stock assessment model for Pacific bluefin Thl@nus orientalis

Available
CPUE . R Corresponding | Corresponding fleet for o Document for -
# Abundance index ] p.t‘l'loﬂ fisheries the selectivity setting Data quality reference Update
(fishing vear) )
S1 |Japanese coastal longline CPUE for spawning season. 1993-2019 JPN Longline Fleet 1 : JPN_LL(Seas4) Standardized by VAST ISC/22PBFWG-1/01
. . . . _ Standardized by Io 1 , ,
S2 |Japanese offshore and distant water longliners CPUE 1974-1992 JPN Longline Fleet 1 : JPN_LL(Seasd) m:ilel Teizec by oghorma ISC/08/PBFWG-1/05
$3 Japanese troll CPLI'E in Nagasaki prefecture (Sea of 1980.2016 JPN Trol Fleet 12 : JPN Troll (Seas 2-| Standardized by lognormal I1SC/20/PBFWG-1/04
Japan and East China sea) 4) model
S5 |Taiwanese longline GLMM CPUE (South area) 2002-2022 TWN Longlne | Fleet3 :TWN _LL (South) | Standardized by GLMM ISC/24PBFWG-1/05 X
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Table 3-4 (b). CPUEbased abundance indidd®T used in the basease stock assessment model for Pacific bluefinthoanus orientalis

CPUE . A\'ai].ahle Corresponding | Corresponding fleet for . Document for -
# Abundance index X p.enod fisheries the selectivity setting Data quality reference Update
(fishing vear) )
S4  |Japanese Recruitment monitoring in the East China Sea 2017-2022 JPN Trol Fleet 12 JP]Z)TTOH (Seas 2- Standardized by VAST ISC/24/PBFWG-1/0X X
S6 |Taiwanese longline GLMM CPUE (Whole area) 2002-2022 TWN Longline | Fleet4:TWN _LL (South) | Standardized by GLMM ISC/24/PBFWG-1/05 X
S7 |Taiwanese longline geo-stat CPUE (South area) 2006-2022 TWN Longline | Fleet4: TWN_LL (South) | Standardized by VAST ISC/24PBFWG-1/05 X
S8 |Taiwanese longline geo-stat CPUE (Whole area) 2006-2022 TWN Longline | Fleet4:TWN_LL (South) | Standardized by VAST ISC/24/PBFWG-1/05 X
89 [Taiwanese longline geo-stat CPUE (Allage, Whole area)| 2009-2022 TWN Longline | Fleet4:TWN _LL (South) | Standardized by VAST ISC/24PBFWG-1/05 X
S10 Z:;;anese longline geo-stat CPUE (A ge 6-8, Whole 20092022 | TWN Longline Standardized by VAST | ISC/24PBFWG-1/05 X
s11 I:;:;anese longline geo-stat CPUE (Age 9-11, Whole 20092022 | TWN Longline Standardized by VAST | ISC/24/PBFWG-1/05 X
s12 Z:;;anese longlne geo-stat CPUE (Age 12-14. Whole | 5505 2022 | TWN Longline Standardized by VAST | ISC/24PBFWG-1/05 X
s13 Z:;;anese longlne geo-stat CPUE (Age 15-17.Whole | 5305 7022 | TWN Longline Standardized by VAST | ISC/24PBFWG-1/05 X
S14 I:;;anese longine geo-stat CPUE (Age 18+ Whole 20092022 | TWN Longline Standardized by VAST | ISC/24/PBFWG-1/05 X
§15 |Taiwanese longline GLMM CPUE (South area S5T) 2006-2022 TWN Longline Standardized by GLMM ISC/24/PBFWG-1/05 X
S16 |Taiwanese longline GLMM CPUE (Whole area, SST) 2006-2022 TWN Longline Standardized by GLMM ISC/24/PBFWG-1/05 X
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Table 3-5. Available abundance indices (CPUE) of Pacific bluefin tdraunnus
orientalis. Indices S1, S2, S3, and S5 were fitted to the-base model (numbers in bold).

Fishing | JPLL | JPTrol Lﬁﬂzﬂg TWLL

vear sy [ s2 | s3 sS4 s5 | s6 ] s7]ss|so] swo | su | s1i2]s13]su
1983 036 0.91

1984 039  0.92

1985 036  0.86

1986 0.42|  0.98

1987 042 071

1988 048]  0.82

1989 0.73|  0.65

1990 0.73) 127

1991 117 132

1992 126]  0.58

1993 | 2.29 0.48

1994 | 1.67 2.00

1995 | 2.03 1.09

1996 | 2.09 1.60

1997 | 1.93 0.94

1998 | 1.49 0.82

1999 | 1.06 1.51

2000 | 0.77 1.14

2001 | 0.92 115

2002 | 1.40 0.74 170 176

2003 | 1.50 0.64 1.65 159

2004 | 1.53 1.28 114 114

2005 | 0.88 1.41 138 127

2006 | 0.96 0.73 1.04 082 149 124

2007 | 0.60 1.41 085 079 081 0.78

2008 | 0.35 1.44 073 074 052 055

2000 | 022 1.14 041 041 030 029 026 006 014 08 148 068
2010 | 0.18 111 033 034 021 026 024 006 008 084 150 092
2011 | 0.14 0.97 061 025 024 018 020 020 003 006 040 133 150
2012 | 0.30 0.49 046| 030 035 019 023 019 007 005 042 111 138
2013 | 0.30 0.89 099 055 067 027 037 030 019 010 039 136 208
2014 | 0.38 0.42 023| 055 064 033 044 038 036 020 037 08 207
2015 | 0.40 0.49 042| 0.54 065 032 044 039 029 032 032 08 170
2016 | 0.65 1.08 146/ 0.69 065 042 046 042 028 045 053 050 082
2017 | 0.66 187 0.66 054 071 063 062 050 065 092 046 066
2018 | 0.90 126 0.64 071 065 073 076 074 078 081 084 054
2019 | 1.38 051 131 127 220 214 205 198 234 194 091 064
2020 064 1.54 138 226 211 210 270 212 136 070 036
2021 218 226 227 265 256 254 234 316 192 094 034
2022 137 247 275 350 357 354 440 355 292 116 034
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Table 3-6. Coefficient of Variations for CPUbBased abundance indices of Pacific
bluefin tunaThunnus orientalisindices S1, S2, S3, and S5 were fitted to the-base
model.

Fishing JPLL TP Troll _\‘,Tfolr\];tg;l]‘lg TWLL

s e [ s s4 ss | se [ s7 | ss | so [ swo [ su | s s3 [ su
1983 0.20 0.20

1984 0.20 0.20

1985 0.20 0.20

1986 0.20 0.20

1987 0.20 0.20

1988 0.20 0.20

1989 0.20 0.20

1990 0.20 0.20

1951 0.20 0.20

1992 0.20 0.20

1993 0.20 0.20

1994 0.20 0.20

1995 0.20 0.20

1996 0.20 0.20

1957 0.20 0.20

1998 0.20 0.20

1959 0.20 0.20

2000 0.20 0.20

2001 0.20 0.20

2002 0.20 0.20 0.20 0.20

2003 0.20 0.20 0.20 0.20

2004 0.20 0.20 0.20 0.20

2005 0.20 0.20 0.20 0.20

2006 0.20 0.20 0.20 0.20 0.20 0.20 0.20

2007 0.20 0.20 0.20 0.20 0.20 0.20 0.20

2008 0.20 0.20 0.20 0.20 0.20 0.20 0.20

2009 0.20 0.20 0.20 0.20 0.20 0.21 0.20 0.20 020 0.20 0.20 0.20
2010 0.20 0.20 0.20 0.20 0.21 0.23 0.21 0.20 020 0.20 0.20 0.20
2011 0.20 0.20 0.20 0.20 0.20 0.20 0.23 0.20 0.20 020 0.20 0.20 0.20
2012 0.20 0.20 0.20 0.20 0.20 023 0.23 023 0.20 020 0.20 0.20 0.20
2013 0.20 0.20 0.20 0.20 0.20 0.21 0.20 0.21 0.20 020 0.20 0.20 0.20
2014 0.20 0.20 0.20 0.20 0.20 0.21 0.20 0.21 0.20 020 0.20 0.20 0.20
2015 0.20 0.20 0.20 0.20 0.20 0.20 0.21 0.20 0.20 020 0.20 0.20 0.20
2016 0.20 0.20 0.20 0.20 0.20 0.21 0.20 0.21 0.20 020 0.20 0.20 0.20
2017 0.20 023 0.20 0.20 0.20 0.22 0.20 0.20 020 0.20 0.20 0.20
2018 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 020 0.20 0.20 0.20
2019 0.20 0.21 0.20 0.20 0.20 0.20 0.20 0.20 020 0.20 0.20 0.20
2020 0.22 0.20 0.20 0.20 0.20 0.20 0.20 020 0.20 0.20 0.20
2021 0.20 0.20 0.20 0.20 0.20 0.20 0.20 020 0.20 0.20 0.20
2022 0.20 0.20 0.20 0.20 0.20 0.20 0.20 020 0.20 0.20 0.20
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Table 3-7. Characteristics of thavailablesize composition dat@r the stock assessment for Pacific bluefin tlihannus orientalis

Catch-at-size data

Size data included

Fleet # Fleet name . . e Available period (Fishing year) Source of sample size Update
(Size bin de finition) Component 1 Component 2
i 2
Fleet 1 JPN_LL (Seas 4) Length bin iPN Loj‘jglmc (1993-2016. - 1952-1968, 1993-2016 Scaled Number of fish measured X
CAS Ol 4
Fleet 2 JPN_LL (1993-) (Seas 1-3) Length bin TPN Longlme(2021-2022 ) - 1993-2022 Scaled Number of fish measured X
Fleet 3 TWN_LLSouth Length bin TWN Longline (South area) - 1992-2022 Scaled Number of fish measured X
Fleet 4 TWN_LLNorth Length bin TWN Longline (North area) - 2009-2022 Scaled Number of fish measured X
Flect 5 IPN_TPS_PO Length bin JPN Tum Purse seioe in ; 1995-2006 and 2014-2022 Number of landing well measured x
- - Pacific Ocean
JTPN Tuna Purse semne in th
Fleet 6 IPN_TPS_SO7 Length bin A Furse seme inthe ; 1987-1989, 19912022 Number of landing wel measured X
- - Sea of Japan
. . TPN Tuna Purse seine in th .
Fleet 7 JPN_TPS_SOIJ (Farmmg) Length bin 1A Furse seme inte - 1987-1989. 1991-2022 Number of operation well measured X
Sea of Japan for Farming
JPN Small Pelagic Purs:
Fleet 8 JPN_SPPS (Seas 1.34) Length bin pmarehglc Tuse - 2002-2022 Number of landing well measured X
- seine {ﬁcaslgm 134)
JPN S Pelagic Purs
Fleet 9 IPN_SPPS (52) Length bin Al g e - 2012-2022 Number of landing well measwed X
- seime (Season 2)
JPN Small Pelagic Purs:
Fleet 10 JPN_SPPS (Farming) Length bin ma ege tlrse - 2016-2022 Number of operation well measured X
- ___seme for Farming
Fleet 11 KOR_LPPS Length bin KOR ng:: l.’elagu: Purse - 2010-2022 Number of landing well measured X
SEME
Fleet 127! IPN_Troll (Seas 2-4) Length bin JPN Troll (Season 2-4) - 1994-2022 Total month of well sampled port X
4-2004. 2006-2008. 2011.2012. 2
Fleet 13 JPN_Troll (Seas 1) Length bin JPN Troll (Season 1) - 1954-2004, -006-;%(;88- 2011.2012,2016, - X
Fleet 14 JPN_Troll (Farming) Age (age-0 only) JPN Troll for Farming - -
Fleet 157 JPN_PoleLine Length bin JPN Pole-and-Line - 1994-1996, 1998-2004, 2006-2010 -
Fleet 16 JPN_Setnet (Seas 1-3) Length bin JPN Setnet (Secason 1-3) - 1993-2018 Total month of well sampled port
Fleet 17 JPN_Setnet (Seas 4) Length bin JPN Setnet (Season 4) - 1993-2018 Total month of well sampled port
o . . JPN Setnet in Hokkaido and
Fleet 18 - JPN_Setnet (HK_AM) Weight bin < :Am ) oa JPN Others 1994-2022 Total month of well sampled port X
omori
Fleet10 2 JPN_Other Weight bin TPN Others - 1994-2022 Total month of well sampled port
USA C reial Fisheries
Fleet 20 EPO_COMM (-2001) Length bin ?1‘::“;;: j“ Ties - 1952-1965, 1969-1982 Number of haul well measured
S. rs
MEXC reial Fisheries
Fleet 21 EPO_COMM (2002-) Length bin {';;m;’;': j“ eres ; 2005-2006, 2008-2022 Number of haul well measured
. TS
Fleet 227 EPO_Sports (2014-) Length bin USA Recreational Fisheries B 20142022 Average number of landng well measured
- (2014-) by season
3 . USA Recreational Fisheries
Fleet23? |  EPO_Sparts carly (-2013) Length bin = fi{;‘l”; shienies - 1993-2003, 2005-06, 2008-11 - .
*1 Size compotision data of Fleet 15 was not used in the assessment model. The selectivity pattern estimated for fleet 12 was mirrored.
*2 Size composition data of Flect 18 and 19 were combined. A selectivity pattern was estimated and shared by those two fleets.
*3 Size composition data of Fleet 23 was not used in the assessment model. The selectivity pattern estimated for Fleet 22 was mirrored.
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Table 4-1. Fisheryspecific selectivity and their attributes used in

orientalis

the fmase stock assessment model for Pacific bluefin Timenus

Fleet # Fleet Main Ages ]:“"r_“'-" Type of Samo it CPUE | Catchin | Length-based contact Age based . . ey arsine Onti
ee cet name of fish caught n;:t:fe size data ampiing qualtiy index | number sele ctivity availability lme-varying process tme-varying Option
Fleet 1 TPN_LL (Seas 4) Spa\‘xzs 1 High* | Length Good Yes Low (ﬁﬁi?ﬁr::l) Constant on length-based
Fleet 2 JPN_LL (1993-) (Seas 1-3) Migratory ages Low™* Length Good Low Dome-shaped Constant on length-based
& Spawner (double normal)
Fleet 3 TWN_LLSouth Spa\:j:;:s m High* Length Very Good Yes Low Asymptotic (logistic) Constant on length-based
Spawners i Dome-shaped
Fleet4 TWN LLNorth PAWIESIN | Low* | Length Good Low ome-shape
WPO (double normal)
Fleet 5 IPN_TPS_PO Migratory ages Medium®* | Length Fair to Good (1mpr§x’anm[.aﬁer High-Med Asymptotic (logistic) Age-specific Constant on length-based; time-varying Block
(ages 1-T) 2014 by systematic sampling) (ages 1-11) on ages 1-2, 4.7 after 2004
Fleet 6 JPN_TPS_SOJ Migratory 2S5 | High* Length Very Good High-Med Asymptotic (logistic) Age-specific Constant on length-based fime-varying Deviation
(ages 1-5) (ages 3-10) on ages 3-7 for 2000-2022
Fleet 7 JPN_TPS_SOJ (Farming) Migratory ages Medum* | Length Very Good Med Dome-shaped Deviation
(ages 1-5) (double normal)
Fleet JBN_SPPS (Seas 13.4) | A0 ENE bt | Length Good High-Med Dome-shaped Age-specific Constant on length-based
- WPO (double normal) (age 0-1)
Mi v ages . Dome-shaped Age-specifi Cons 1 -based; Ti varyi -
Fleet9 TPN_SPPS (52) IEratOn 2265 | fedium® | Length Good HighMed ome-shape ge-spectic onstant on length-based; Time-varying Deviation
(ages 1-5) (double normal) (age 0-2) on ages 1-2 for 2004-2022
Good (improvement after 2016 due
" . A . . Dome-shaped
Fleet 10 JPN_SPPS (Farming)  |Age 0-1 in WPO| Medum* | Length | to the stereo-camera); Catchin # of Med
; (double normal)
fish are available
Fleet 11 KOR LPPS ‘Age 0 and Medium** | Length Fair (opportunistically sampling was Med Asymptotic (1 Age-specific Constant on length-based; time-varying Deviation
- Migratory ages conducted for 2004-2009, - (ages 1-6) on ages 1-2 for 2007-2020
Age 0 fish i . . Full selection at
Fleet 12 JPN_Troll (Seas 2-4) EEWPt; " High* Length Good Yes High Dome-shaped (double normal) = EEU :n * Constant on length- and age-based
ages 92
Fleet 13 JPN_Troll (Seas 1) Age D fishin | Medim- Length Good High Full selection at Constant on age-based
WPO Low™* age 0
Fleet 14 JPN_Troll (Farming) AgeOfishin | o Catch in # of Age-0 fich are Med Full selection at Constant on age-based
WPO available age 0
Fleet 15 PN PoleLine "\i’e\‘?Pﬁ;h B ow | Lengh Bad Historic Mirror to Fleet 12
Fleet 16 JPN_Setnet (Seas 1-3) Migratory ages Low™* Length Fair Med Asymptotic (logistic) Age-specific Constant on length-based:
(ages 1-5) (ages 1-4)
Fleet 17 PN Seimet (Seas4) | VEEFEONAZES | | ot Fair Low Asymptotic (logistic) Age-specific Constant on length-based:
(ages 1-5) (ages 1-5)
Migratory ages Age-specifi Constant on | -based: Time blocks
Fleet 18 IPN_Setnet (HK_AM) SACY A | Medum* | Weight Good Low Asymptotic (logistic) ge-specinc onstant on length-based: Time blocks Block
(ages 1-6) (ages 1-6) on ages1, 4-5 for 2004-2013, 2014-2022)
Fleet 19 PN Other M‘Em“"?l' ?;“E Medinm®* | Weight Good Low Mirror to Fleet 18
ages 1-5
Fleet 20 EPO_COMM (-2001) Migratory 22| Medum® | Length Fair (many samples) H‘ghr Dome-shaped Constant on length-based
(ages 1-5) historic (double normal)
Fleet 21 EPO_COMM (20022) Migratory ages High Length Fair to Good (improvement after High Dome-shaped Time—varying on length-based for 2006 Block
(ages 1-5) 2013 due to the stereo-camera) (double normal) 2022
i : ages i s: s . ] selecti ime—varyi -bas: 2014-
Fleet 22 EPO_Sports (2014) Migratory ages Low Length Fair (Good samples are available Low Dome-shaped Full selection at | Time—varying on length-based for 2014 Block
- (ages 1-5) after 2014) (double normal) ages 0-7 2022
Migrat X
Fleet 23 EPO_Sports early (-2013) lfra nr§1 5 Low Length Fair Low Mirror to Fleet 22
ages 1-5
Fleet 24 WPO_Disc_Weight Not Available NA Mirror to Fleet 16
Fleet 25 WPO_Disc_Num Not Available NA Mirror to Fleet 16
Fleet 26 EPO_Sports_Disc_Num | Migratery ages | Not Low Mirror to Fleet 22
(ages 1-5) Awailable
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Table 4-2. Harvest scenarios used in the projection for Pacific bluefinTim@nus orientalis

The numbering of Scenarios is different from those given by the IAWKPFC NC Joint WG meeting.

*

Harvesting scenarios
Scenarios Catchlimitin the projection Specified
fishery impact
Reference No WCRQ EPO WCRO ERO at 2034 Note
Small Large Small Large Small Large Small Large WCPO EFO
1 Status quo (WCPFC CMM2023-02, IATTC Resolution 21-05) 4,475 7,859 3,995 - - JWG'srequest 1{NC19 Summary Report, Attachment E; Maintaining the current CMM)
5 Maintaining the current CMM assuming maximum transfer utilizing the conversion 3236 | 9709 3805 a a IWG's request 02 (Maximum utilization of transfer from small fish catch limit to large fish catch
factor ’ ’ ’ limit using the conversion factor).
3 Mo fishing allowed 0 1] 1] - - JWG's request 03 (Nofishing)
4 Status guo Status guo Status guo 7,310 12,424 6,392 _ _ JWG's request 04-1 (scenario achieving 20%55B0 with 60%probability by pro-rata change in
+60% +60% +60% catchy).
Status guo Status quo IWG's request 04-2 (scenario achieving 20%55B0 with 0% probability by proportional change in
5 Status quo +180% +180% 4475 2555 11,186 catch among the WCPO large fish catch limit and EPO total catch limit).
Status quo Status quo Status quo JWG's reque.sc 04-3 [scenario achieving 20%5SB0 with ED% pr?b?t.)lllw by mamtgm}ng the total
B 20% 163% +108% 5,420 20,235 8,310 - - catch proportion between WCPO and EPO as status quo while limiting the catch limit increase for
WCPO small fish as 20% of its original catch limit).
IWGE's request 04-4 [scenario achieving 2095580 with 60% probability by maintaining the total
7 Sta:;;;“” Stj;:sl;m sm:;;;“” 5,893 | 17,789 7,670 - - | catch proportion between WCPO andEFO s status guo while limiting the cateh limit increase for
'WCPO small fish as 30% of its original catch limit).
Status quo Status quo Status quo IWG's reque.st 051 [ex.ploredcanstant catch scenario achieving EO%SISBDw.lth BD% probability
8 305 300 100% 5,893 10,142 11,586 70 30 and fisheryimpact ratio between WCPO and EPO as 70% and 30% while maintaining the catch
proportion of small and large fish in WCPO as status quo).
Status quo Status quo Status quo JWG's request 05-1 [explored constant catch scenario achieving 20%55B0with 60% probability
g +55%% +55%% 805 7,074 12,044 7,191 80 20 and fisheryimpact ratio between WCPO and EPO as 80% and 20% while maintaining the catch
proportion of small and large fish in WCPO as status quo).
Status quo Status quo status guo IWG's request 05-2 (explored constant catch scenario achieving 20%55B0with 60% probability
10 +10% +130% +100% 4,548 | 17,751 11,586 70 30 and fisheryimpact ratio between WCPO and EPO as 70% and 30% while maint aining the catch
proportion of small fish in WICPO lower thanthat of status quo).
Status quo Status quo Status quo JWG's request 05-3 (explored constant catch scenario achieving 20%S5SB0with 60% probability
11 +40% +120% 80% 6,015 17,540 7,151 B0 20 and fisheryimpact ratio between WCPO and EPO as 80% and 20% while maintaining the catch
proportion of small fish in WCPO lower thanthat of statusquo).
12 SPR30% - - SPR30% Scenario F1719 multiplied 1.4

Fishing mortality in scenario 3 was kept at zero. The catch limit for scenaricaRugated to achieve SPR 30% and allocated to fleets proportionately.

The Japanese unilateral measure (transferring 250 mt of the catch upper limit from that for small PBF to that for langegPEBR22034) is reflected in the projections.
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Table 51. Mean input variances (input N after variance adjustment), restfiehated

mean variance (meaaffN), and harmonic means of thefN by composition data
component for the basmse model, where effective sample size (effN) is the models
estimate of the statistical precision. A higher ratio of mefeito mean input N indicates

a better model fit. The number of observations corresponds to the number of quarters in
which size composition data were sampled in a fishery.

Fleet Number.of Mean inputN MeaneffN Harmonic
observations after var adj meaneffN
1 24 9.4 56.6 34.6
2 4 8.9 29.5 25.7
3 31 12.1 101.5 40.5
4 14 3.8 81.9 48.5
5 20 12.5 57.3 38.3
6 35 10.9 29.8 15.2
7 6 4.8 16.5 11.3
8 44 10.1 32.1 15.9
9 18 9.2 17.8 10.4
10 7 17.1 22.1 19.8
11 20 12.9 51.9 24.4
12 63 7.9 37.0 16.5
13 20 6.0 10.4 6.9
16 76 6.5 18.5 12.0
17 26 7.0 19.8 14.0
18 29 8.4 47.5 16.2
20 1 6.5 401.3 401.3
21 20 10.6 31.0 18.6
22 9 14.3 130.1 84.3
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Table 5-2. Total biomass, spawning stock biomass, recruitment, spawning potential ratio,
and depletion ratio of Pacific bluefin tuff&unnus orientali®stimated by the basmase
model for the fishing years 19&922.

Total Biomass Spawning Stock Recruiment Spawm‘ng Relative biomass

Year ] ] Potential

(mt) Biomass (mt) (%1000 fish) . over S5Be
Ratio

1983 31,993 15,429 11,827 3.7% 2.5%
1984 34,852 13,898 8,176 7.1% 2.2%
1985 38,514 14,280 9,207 4.6% 2.3%
1986 38,713 15,925 8,094 1.8% 2.6%
1987 36,385 16,934 6,956 10.4% 2.7%
1988 40,630 19,967 8,977 16.4% 3.2%
1989 47,141 20,590 4,187 18.1% 3.3%
1990 57,723 26,079 21,138 22.1% 4.2%
1991 75,302 34,208 7,400 13.2% 5.5%
1992 84,406 43,037 4,375 16.8% 6.9%
1993 93,667 55,854 3,985 19.0% 9.0%
1994 103,163 64,267 30,951 12.0% 10.3%
1995 116,349 79,269 15,247 71.3% 12.7%
1996 109,419 75,121 17,967 9.2% 12.1%
1997 108,955 68,311 11,344 7.5% 11.0%
1998 104,534 66,696 15,469 5.2% 10.7%
1999 100,748 60,915 21,993 5.6% 9.8%
2000 94,830 57,366 13,910 1.9% 9.2%
2001 82,675 54,907 16,944 9.6% 8.8%
2002 83,931 51,822 13,375 6.3% 8.3%
2003 79,217 49,650 6,748 2.3% 8.0%
2004 70,699 41,296 27,619 1.3% 6.6%
2005 65,488 33,668 15,323 0.6% 5.4%
2006 51,886 26,737 13,854 1.1% 4.3%
2007 45,705 20,791 23,619 0.5% 3.3%
2008 44,337 16,082 21,038 1.0% 2.6%
2009 39,232 12,526 7,983 1.7% 2.0%
2010 37,537 12,275 17,593 2.8% 2.0%
2011 39,632 14,236 13,822 5.8% 2.3%
2012 43,506 17,447 7,663 9.6% 2.8%
2013 48,901 19,711 14,239 7.6% 3.2%
2014 54,166 22,690 4,882 15.9% 3.6%
2015 62,945 28,019 13,367 20.9% 4.5%
2016 77,523 37,762 16,040 21.5% 6.1%
2017 94,213 44,541 11,417 31.4% 7.2%
2018 118,007 56,986 9,991 37.1% 9.2%
2019 146,407 74,734 7,485 29.5% 12.0%
2020 168,571 104,243 6,828 28.4% 16.8%
2021 182,567 131,729 8,275 20.5% 21.2%
2022 186,632 144,483 11,467 21.9% 23.2%
Median (1983-2022) 73,000 35,985 11,647 8.4% 5.8%
Average (1983-2022) 78,528 44,112 12,769 11.5% 7.1%
Unfished (Equilibrium) 785,281 622,254 13,261 100% 100%
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Table 5-3. Ratios of the estimated fishing mortalities (Fs af#8PRs for 20004, 2012

14, 20202022) relative to potential fishing mortalibased reference points, and terminal
year SSB (t) for each reference period, and depletion ratios for the terminal ylear of
reference period for Pacific bluefin tudunnus orientalisSrom the base&ase model

Fmax represents the fishing mortality (F) that maximizes equilibrium yield per recruit
(Y/R), while Fxu%sprrepresents F that produces a given % of the unfished spawning
potential (biomass) under equilibrium conditions.

(1 SPR)/{1 SPR....) Estimated S3B for Depletion rate for
Reference Period T terminal year of each terminal vear of each
Fmax SPRom, SPRos, SPRjp, SPRypy, period (ton) period (%)
2002 2004 1.88 1.21 1.29 1.38 1.61 41,296 6.6%
2012 2014 1.24 1.11 1.19 1.27 1.48 22,690 3.6%
2020 2022 0.84 0.95 1.02 1.09 1.27 144 483 23.2%
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Table 54. Likelihood table for the base case, the run with low sigmaR (0.52), and the
run with high sigmaR (1).

SigmaR
Base case 0.52 1
TOTAL 1247.7 1247.2 1257.9
Catch 0.3 0.3 0.3
Survey -84.5 -84.3 -85.2
SizeFreq 1309.2 1310.0 1308.4
Recruitment -4.0 -5.4 7.8
InitEQ_Regime 0.2 0.2 0.5
Parm_softbounds 0.0 0.0 0.0
Parm_devs 26.5 26.4 26.0
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Table 6-1. Future projection scenarios for Pacific bluefin tinunnus orientalisnd their probability of achieving various target levels by
various time schedules based on the {zase model.

Harvesting scenarios Performance indicators
Seenarios 5:“""" Protabityof | o e | Prebsbiftyof | Provabiityof | Probabilityof | Probabilty of
WCRO EPO .smry Median S8 at Fishery impact | Fishery impact achiving 58 ar overfishing overfishing overlishing overfihing
Reference N impact Iznu ratioof WPQ | ratioof EPO the 2nd o ;::b\r comparedto | comparedto | comparedto | comparedto
Smal La amall B weo| epo fisheryat 2024 | fsheryat 2034 rebuilding 2041 20%SSB0 at 25%S55B0 at 30%5580at A0%SSBO at
* g e target at 2041 2041 2081 2041 2041
1 Status quo (WICPFC CMIM2023-02, IATTC Resolution 2105)[ - - 287,844 78% 22% 100% 0% 0% 1% 4% 20%
Maintaining the current CMM assuming maximum
2 transfer utilizing the conversion facter 308,868 7% 2% 100% 0% o o w 0%
3 No fishing allowed - - 536,653 BE% 14% 100% 0% 0% 0% 0% 0%
Statusquo | Status quo Statis quo
4 % 0% 6% - - 158,658 82% 18% 61% 8% % 57% 71% 89%
5 stat Statis quo Statis quo 143,21 71% 20% 6% 1% % 7% 71% 90%
il ST +180% '
Status quo | Status guo Status quo
3 a0% +1E3% 108% 148,312 78% 22% i 1% A% 56% 6% 8%
Status quo | Status quo Statis quo
7 +30% +131% 0% 156,324 80% 20% 63% 14% % 53% 67% 87%
Status quo | Status quo Statls quo
8 +30% +30% +190% 70 30 158,245 9% 31% 61% 8% E 55% 68% 88%
Status quo | Status quo Status quo
] +55% +55% ~B0% 80 | 20 162,242 9% 2% 63% %% 7% Y B5% 8%
Status quo | Status quo seatus quo
10 +10% +130% 190% 70 | 20 147,85 70% 30% 60% 1% A% 57% 70% 89%
Status quo | Status quo stats quo
1 +A0% +120% +80% 80 | 20 153,985 0% 20% 61% 1d% 3% 6% 69% 8%
12 SPR30% - - 190,088 T 23% G5 0% 1% 4% 43% 21%

* The numbering of Scenarios is different from those given by the IAWITPFC NC Joint WG meeting and is the same as TaBle 4

* Recruitment is resampled from historical values.

111



Table 6-2. Expected yield for Pacific bluefin tufidunnus orientalisinder various harvesting scenarios based on thedaasemodel.

Harvesting scenarios Expectedcatch
Scenarios Catch Emit inthe projection 208 034
Refererce No WCPO EPD WCPO EPO WPO EPOD WPO EPD
Smda Large Smal Large Smal Large Smal Large Smal Large Commercial Spart Smal Large Commercia Sport
1 Status quo (WCPFC CMM2023-02, IATTC Resdlution 21-05) 4,475 7,859 3,995 4,184 B, 219 4,010 1,797 4179 8,232 4,011 2,005
2 Maimainig the current CMM =g miaxim.m trarsfer utiizing 3,236 9,799 3,995 3,256 9,884 4016 1,933 3,256 9,895 4,018 2,189
theconversion factor
3 Nofehing aliowed 0 0 0 0 0 0 0 0 0 0 0
Statusquo S Fusquo Statusquo - _ _
4 7 424 A
50% B0 0% 7,310 12,42 6,392 6,509 13111 6,348 96 6,540 12,969 6,332 926
Sausquo Statusquo
5 Stat! 4,475 21,555 11,186 4,386 21,718 11,223 1,033 4383 20,799 11,224 1,055
usquo +180% S180% s + ¥ + s s , " s s
Statusquo Sausquo Statusquo
6 5,420 20,235 8,310 5,388 20,361 B3 1,030 5,394 19,989 B,330 1,035
+20% +163% +108% ’ ’ ! ’ ! ! ! ! ’ ’ !
Statusquo Sausquo Statusquo -
7 7,78 7,670 727 7, 7, 0 7 7,717 7,67 0
7 30% 1313 T, 5,893 17,789 67 572 17,911 660 1,035 5739 17,71 673 1,026
Statusquo Sausquo Statusquo _ o oan -~ A A -
8 B 0,14: 11,586 488 0,540 8 0,420
300 300 +190% 5,893 10,142 5, 10,5 11,562 993 5,50 10,42 11,556 950
Statusquo Sausgquo Statusguo
g +55% +55% wqé 7,074 12,044 7,191 6,594 12,521 7,194 1,011 6,620 12,456 7,196 953
Statusquo Saus q.un Statusquo
10 +10% +130% 100% 4,948 17,751 11,586 4704 18,017 11,581 1,020 4707 17,667 11,589 1,025
Statusquo Sausquo Statusquo
1 +40% +120% _g,fﬁ 6,015 17,540 7,191 5,991 17,424 7197 1,027 5,006 17,233 7,205 1,000
12 PRI0% 4820 18,001 5,607 715 4812 19,436 5,668 733

* Korean catch reflects the recent catch proportion for small and large, thus expected catches do not match withatitoh. alloc
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Figure 2-1. Generalized spawning grounds for Pacific bluefin thannus orientalis
Red areas represent a higher probability of spawning.
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Figure 2-3. The von Bertalanffy growth curve for Pacific bluefin turfaunnus orientalis
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Figure 2-4. Lengthweight relationship for Pacific bluefin tufdunnus orientalisised
in this stock assessment.
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Figure 2-5. Assumed natural mortalityM) at age of Pacific bluefin tun&hunnus
orientalisused in this stock assessment.
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Figure 2-6. Annual catch (in tons) of Pacific bluefin tuffdunnus orientalidy ISC
member countries from 1952 through 2022 (calendar year) based on ISC official statistics.
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Figure 2-7. Annual catch (in tons) of Pacific bluefin tumaunnus orientaliby gear type
by ISC member countries from 1952 through 2022 (calendar year) based on ISC official

statistics.
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Figure 3-1. Data sources and temporal coverage of catch, abundance indices, and size
composition data used in the stock assessment of Pacific bluefifitunaus orientalis
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Figure 3-3. Abundance indices of Pacific bluefin tufunnus orientalisubmitted to
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Figure 3-4. Aggregated size compositions of Pacific bluefin tlihannus orientaligor
each fleet used in the stock assessment. The data were aggregated across seasons and
years. Thesaxis is in fork length (cm) for all fleets except for Fleetlll0in weight kg).
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Figure 5-1. Effects of random perturbations of initial values (top panel) and phases of
selectivity parameters (bottom panels) on estimated log (RO) and total likelihood by the
basecase model for Pacific bluefin tuffdunnus orientalisRed triangle represents the
value of the basease model. Gray shaded area shows a range of log (RO) in which the
model explorations for the starting value of log (RO) were conducted.

131



Log index

Base_case
ASPM
ASPMR_fix

T I T T I T T
1995 2000 2005 2010 2015 2020 2023

-2
|

Year

o |
wn
g
x o
g o]
£
g wv |
- <
e |
v — Base_case
N — ASPM
— ASPMR_fix
T T T T T
2005 2010 2015 2020 2023

Year

Figure 5-2. Comparisons of the (a) Japanese longline index and (b) Taiwanese longline
index predicted by the basase model (blue), aggructured production model

(ASPM,; red), and ASPM with annual recruitment deviations specified at those
estimated in the basmsemodel (ASPMR; green). Black closed circles with error bars
represent the observed abundance indices with a 95% CI.
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Figure 5-3. Spawning stock biomass (upper) by the besse model (blue), age
structured production model (ASPM; red) and ASPM with specified recruitment
deviations (ASPM Rfix; green) and the fit for the Japanese troll index (S3) (bottom).
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Figure 5-5. Predicted (blue lines) and observed (open dots) abundance indices for the
basecase model of Pacific bluefin tuffdunnus orientaliswhere vertical lines
represent the 95% CI of observations.
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