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1. Stock Identification and Distribution

Pacific bluefin tuna (Thunnus orientalis) has a single Pacific-wide stock managed by both the
Western and Central Pacific Fisheries Commission (WCPFC) and the Inter-American 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 trans-Pacific migrations from the 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 catch is estimated 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 II. PBF catches increased
significantly in 1949 as Japanese 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 1952-2022 (Figure 1). During this period reported
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, including non-member countries of the
International Scientific Committee for Tuna and Tuna-like 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 been used to catch PBF, the majority of the catch is currently
made by purse seine fisheries (Figure 2). Catches during 1952-2022 were predominantly composed
of juvenile PBF; the catch of age 0 PBF has increased significantly since the early 1990s but
declined as the total catch in weight declined since the mid-2000s and due to stricter control of
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juvenile catch (Figures 1 and 3).
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Figure 1. Annual catch (tons) of Pacific bluefin tuna (Thunnus orientalis) by 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 tuna (Thunnus orientalis) by 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 catch-at-age (number of fish) of Pacific bluefin tuna (Thunnus
orientalis) by fishing year estimated by the base-case model (1983-2022).
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3. Data and Assessment

Population dynamics were estimated using a fully integrated age-structured model (Stock Synthesis
(SS) v3.30) fitted to catch (retained and discarded), size-composition, and catch-per-unit of effort
(CPUE) based abundance index data from 1983 to 2023, provided by Members of (ISC), Pacific
Bluefin Tuna Working Group (PBFWG) and non-ISC countries obtained from the WCPFC official
statistics. Life history parameters included a length-at-age relationship from otolith-derived ages
and natural mortality estimates from a tag-recapture study and empirical-life 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 on country/gear/season/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 standardized CPUE from the Japanese distant water, off-shore, 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 likelihood-based statistical framework. 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, the adoption 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 that the 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
stock assessment with new data estimated slightly higher relative biomass after 2011, reflecting an
underestimating tendency of the past model (Figure 4). Other changes include refined
parameterization of selectivity to reduce model residuals and shortening of the recruitment index
from 1983-2016 to 1983-2010. 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 bias (Mohn’s p for 10 years-retrospective analysis in the base case is
-0.06), which was observed in several previous assessment models. After these modifications, the
base-case model fits better to the input data and shows good prediction skill (the root mean square
error of the Taiwanese longline CPUE for the predicted 7-year period was 0.24, 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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Figure 4. Comparison of the trajectory of relative biomass (SSB/SSBr=o, depletion ratio) of the
assessment models bridging from the 2022 base-case to the 2024 base-case (2022 base-case, 2022
base-case with data-update, 2022 base-case with data-update Short (1983-), and the 2024 base-case
model). The 2022 base-case with data-update and 2022 base-case with data-update Short (1983-)
almost overlap towards the end. SSB is spawning stock biomass and SSB r=o is the expected SSB
under average recruitment conditions without fishing. The horizontal line represents 20%SSBr-o
(the second biomass rebuilding target).
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Figure 5. Result for hindcasting of the recent 7 years (2016-2022) based on the catch at age. The
expected (blue solid line) and predicted (blue dashed lines) Taiwanese longline CPUE index from
the age-structured production model, where CPUE observations were removed for the recent 7 years.
The solid circles represent the observations used in the model, and open circles represent the missing
values.
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After conducting thorough reviews and implementing necessary modifications, the PBFWG found
that the 2024 base-case model is consistent with the previous assessment results, that it fits the data
well, that the results are internally consistent among most of the data sources, and that the model
has improved overall by addressing the issues previously identified. The model diagnostics have
confirmed that the base-case model captures the production function of PBF well, thus its estimated
biomass scale is reliable, 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 base-case model results show that: (1) spawning stock biomass (SSB) fluctuated throughout the
assessment period (fishing years 1983-2022); (2) the SSB steadily declined from 1996 to 2010; (3)
the SSB has rapidly increased since 2011; (4) fishing mortality (Fuspr) decreased from a level
producing about 1% of SPR! in 2004-2009 to a level producing 23.6% of SPR in 2020-2022; and
(5) SSB in 2022 increased to 23.2% of SSBr-0%, achieving the second rebuilding target by WCPFC
and IATTC in 2021. Based on the model diagnostics, the estimated biomass trend throughout the
assessment period is considered robust. The SSB in 2022 was estimated to be 144,483 t (Table 1
and Figure 6), more than 10 times of its historical low in 2010. An increase in immature fish (0-3
years old) is observed in 2016-2019 (Figure 7), likely resulting from reduced fishing mortality on
this age group. This led to a substantial increase in SSB after 2019. The method to estimate
confidence interval was changed from bootstrapping 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
(1983-2020 FY) average recruitment level. Previously, no significant 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 recovered to 23.2%SSBg-o, the PBFWG
considers the assumption that 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 long-term model (1952-2022) and the present base-case model (1983-2022) are comparable.

" 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 produced by an average recruit over its lifetime if the stock was unfished.
Fospr: F that produces % of the spawning potential ratio (i.e., 1-%SPR).

2 SSBF=0 is the expected spawning stock biomass under average recruitment conditions without fishing.
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Table 1. Total biomass, spawning stock biomass, recruitment, spawning potential ratio, and
depletion ratio of Pacific bluefin tuna (Thunnus orientalis) estimated by the base-case model, for
the fishing years 1983-2022.

Year Total Biomass Spawning Stock Recruiment Spp;\g:tlir;? Relative biomass
(mt) Biomass (mt) (x1000 fish) . over SSBg-g
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 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 tuna (Thunnus orientalis) (1983-2022) estimated from the base-case
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 to the normal approximation of the Hessian matrix.
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Figure 7. Total biomass (tons) by age of Pacific bluefin tuna (Thunnus orientalis) estimated from
the base-case model (1983-2022). Note that the recruitment estimates for 2019-2022 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 new licensing system 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 prediction skill and increased the SSB retrospective pattern. Therefore, for
this assessment, the PBEFWG 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 (2019-2022) are more uncertain than other years (Figure 6), which is also
shown in the retrospective analysis of recruitment. The recruitment 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 for 2011-2023
(Figure 8). Although the PBFWG concluded that it was premature to include this index 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 the base-case model (2019-2021), the
monitoring index showed relatively low recruitment in 2019 and 2020, but relatively high
recruitment in 2021-2023. Based on this evidence and the uncertainty in the retrospective analysis
of recruitment previously noted, the PBFWG considered the 2021 recruitment estimate from the
base-case model to be less reliable. Therefore, the PBFWG decided to start using resampled
historical recruitment from 2021, rather than 2022, for the
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Figure 8. Standardized CPUE index from the Japanese recruitment monitoring program (2011-
2023). The bar represents the 95% confidence interval.

projections. 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 near-term projection results would become more pessimistic.

Estimated age-specific fishing mortalities (F) on the stock during the periods of 2012-2014 and
2020-2022, compared with 2002-2004 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 (20%SSBr-o under
average recruitment) but not a fishing mortality reference level. The previous (2022) assessment
estimated the initial rebuilding biomass target (SSBmep1952-2014) to be 6.3%SSBr-0 and the
corresponding fishing mortality expressed as SPR of Fe3%spr (Table 2). The Kobe plot shows that
the point estimate of the SSB2022 was 23.2%SSBr-o and that the recent (2020-2022) fishing mortality
corresponds to F23e6%spr (Table 1 and Figure 10). The apparent increase in F in the terminal period
compared to the historical low in 2018 (F37.1%spr) 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 base-case 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 (ages 0-1) has had a
greater impact and the effect of this group in 2022 was greater than any of the other fishery groups.
The impact of the EPO fisheries group was large before the mid-1980s, decreasing significantly
thereafter. The WPO longline fisheries group has had a limited effect on the stock throughout the
analysis period because the impact of a fishery on a stock depends on both the number and size of

10
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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 between WPO 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% of the reported release in EPO and 5% of the catch in WPO, lacking reliable data.

1.2

--------- F2002-2004

[EEY
L

----- F2012-2014
——F2020-2022

o
[0
I

©
~

Fishing mortality
o
(@)}

o
N

Age
Figure 9. Geometric means of annual age-specific fishing mortalities (F) of Pacific bluefin tuna

(Thunnus orientalis) for 2002-2004 (dotted line), 2012-2014 (dashed line), and 2020-2022 (solid
line).

Table 2. Ratios of the estimated fishing mortalities (Fs and 1-SPRs for 2002-04, 2012-14, 2020-
2022) relative to potential fishing mortality-based 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-case model. Fmax: Fishing mortality (F) that
maximizes equilibrium yield per recruit (Y/R). Fxxwsper: F that produces a given % of the unfished
spawning potential (biomass) under equilibrium conditions.

) (1-SPR) /(I'SPRXX%) Est?mated SSB for Depletion rate for
Reference Period terminal year of each terminal year of each
Fmax  SPRygy,  SPRgsy,  SPRgpy,  SPRygy, 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 tuna (7hunnus orientalis) estimated from the base-case
model from 1983 to 2022. The X-axis shows the annual SSB relative to 20%SSBr-o0 and the Y-axis
shows the spawning potential ratio (SPR) as a measure of fishing mortality. Vertical and horizontal
dashed lines show 20%SSBr-0 (which corresponds to the second biomass rebuilding target) and the
corresponding fishing mortality that produces SPR, respectively. Vertical and horizontal dotted lines
show the initial biomass rebuilding target (SSBmep = 6.3%SSBr-0) and the corresponding fishing
mortality that produces SPR, respectively. SSBumep is calculated as the median of estimated SSB
over 1952-2014 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 and this result needs to be interpreted with caution. Contour plots represent 60% to 90%
of two probability density distributions in SSB and SPR for 2022. The method used to estimate the
confidence interval was changed from bootstrapping in the previous assessments to resampling from
the multi-variate log-normal distribution. The probability distribution for the area where SPR is
below zero is not shown as such SPR values are not biologically possible.
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Figure 11. The trajectory of the spawning stock biomass of a simulated population of Pacific bluefin
tuna (Thunnus orientalis) when zero fishing mortality is assumed, estimated by the base-case long-
term model. (top: absolute SSB, bottom: relative SSB). In 2022, the estimated cumulative impact
proportion between WPO and EPO fisheries is about 83% and 17%, respectively. Fisheries group
definition: WPO longline fisheries: F1-4. WPO purse seine fisheries for large fish: F5-7. WPO purse
seine fisheries for small fish: F8-11. WPO coastal fisheries: F12-19. EPO fisheries: F20-23. WPO
unaccounted fisheries: F24, 25. EPO unaccounted fisheries: F26. For exact fleet definitions, please
see the 2024 PBF stock assessment report. Although larger PBF have been caught by the Korean
offshore large-scale purse seine in recent years, this fleet is included in “WPO PS (small)” because
of their historical selectivity.
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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 to be 23.2% of SSBr=o and the probability that it is above
20%SSBr-0 is 75.9%. Based on these findings, the following information on the status of the Pacific
bluefin tuna stock is provided:

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

2. No fishing mortality-based reference points have been adopted for PBF by the IATTC
and WCPFC. The recent (2020-2022) Fo,spr is estimated to produce a fishing intensity
of 23.6%SPR and thus the PBF stock is not subject to overfishing relative to some of
F-based reference points proposed for tuna species (Table 2), including SPR2¢v.

Conservation Advice

After the steady decline in SSB from 1996 to the historically low level in 2010, 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 rebuilding target 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 2017-02) was implemented in 2014. The fishing mortality
(Fuspr) in 2020-2022 is at a level producing 23.6%SPR. 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 results, “future Kobe plot”, and “future impact plot” are
provided as Tables 3-5, Figures 12, 13, and 14, respectively.

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%SSBr=o). The risk of SSB falling below 7.7% SSBr=o
at least once in 10 years is negligible;

2. The projection results show that increases in catches are possible, but the risk of
breaching 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
do not contain assumptions about discard mortality. Discard mortality may need to be
considered as part of future increases in catch; and
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4. 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.

15
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Table 3. Future projection scenarios for Pacific bluefin tuna (Thunnus orientalis).

Harvesting scenarios

Scenarios Catch limit in the projection 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 CMM)
) Maintaining the current CMM assuming maximum transfer utilizing the conversion 3236 9799 3.995 . R JWG's request 02 (Maximum utilization of transfer from small fish catch limit to large fish catch
factor ! ! ! limit using the conversion factor).
3 No fishing allowed 0 0 0 - - JWG's request 03 (No fishing)
4 Status quo Status quo Status quo 7310 12,424 6,392 ; R JWG's request 04-1 (scenario achieving 20%SSB0 with 60%probability by pro-rata change in
+60% +60% +60% catch).
; . - — " y > ™ - -
5 Status quo Status quo Status quo 4,475 21,555 11,186 ) _ JWG's request 04-2 (scenario achieving 20/:;SSBO Wlth Gpﬁprobablllty by propo.rtl_onal change in
+180% +180% catch among the WCPO large fish catch limit and EPO total catch limit).
JWG's request 04-3 (scenario achieving 20%SSB0 with 60% probability by maintaining the total
Status quo Status quo Status quo ) L o
6 5,420 20,235 8,310 = - catch proportion between WCPO and EPO as status quo while limiting the catch limit increase for
+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 the total
7 Status quo Status guo Status Guo 5803 | 17,780 7,670 catch proportion between WCPO and EPO as stat hile limiting the catch limit i f
+30% +131% +92% 3 ) . ch proportion between an | assta U.S quo.\n./ ile limi |r§g. e catch limit increase for
WCPO small fish as 30% of its original catch limit).
JWG's request 05-1 (explored constant catch scenario achieving 20%SSB0 with 60% probability
8 Status quo Status quo i 5,893 | 10,142 11,586 70 30 d fishery i iob WCPO and EPO as 70% and 30% while maintaining the catch
+30% +30% +190% 3 , y and fishery impact ratio between ani as70% an %6 while maintaining the catc
proportion of small and large fish in WCPO as status quo).
Status quo Status quo Statufouo JWG's request 05-1 (explored constant catch scenario achieving 20%SSB0 with 60% probability
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 the catch
A
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% probability
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 the catch
b
proportion of small fish in WCPO lower than that of status quo).
Status quo Status quo StattRguo JWG's request 05-3 (explored constant catch scenario achieving 20%SSB0 with 60% probability
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 the catch
%
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 IATTC-WCPFC NC Joint WG meeting.

Fishing mortality in scenario 3 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 large PBF during

2022-2034) is reflected in the projections.
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Table 4. Future projection scenarios for Pacific bluefin tuna (Thunnus orientalis) and their probability of achieving various
target levels by various time schedules based on the base-case model.

Harvesting scenarios Performance indicators
Scenarios Specified Probability of . Probability of Probability of Probability of Probability of
fishery . . . . - Risk to breach . X -~ .
WCPO EPO impact Median SSB at Fishery impact | Fishery impact achiving ssB at overfishing overfishing overfishing overfishing
Reference No B 2034 ratio of WPO ratio of EPO the 2nd } [7‘7%H’ b compared to compared to compared to compared to
east once
Small L small L wero| epo fishery at 2034 | fishery at 2034 rebuilding 2041 4 20%SSBO at 25%SSBO0 at 30%SSBO at 40%SSBO at
ma arge ma arge target at 2041 2041 2041 2041 2041
1 Status quo (WCPFC CMM2023-02, IATTC Resolution 21-05)( - - 287,844 78% 22% 100% 0% 0% 1% 4% 20%

Maintaining the current CMM assuming maximum
2 . X - - 308,868 77% 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%
Status quo Status quo Status quo
4 +60% +60% +60% - - 158,658 82% 18% 61% 8% 39% 57% 71% 89%
b b b
Status quo Status quo
5 Status quo +180% +180% - - 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%
b 6 6
Status quo Status quo Status quo
7 +30% +131% +92% - - 156,324 80% 20% 63% 14% 37% 53% 67% 87%
b b b
Status quo Status quo Status quo
8 +30% +30% +190% 70 30 158,245 69% 31% 61% 14% 39% 55% 68% 88%
b b 6

Status quo Status quo
q 9 Status quo

9 +55% +55% +80% 80 20 162,242 79% 21% 63% 9% 37% 54% 69% 88%
b

Statusquo | Statusquo
q a Status quo

10 +10% +130% +190% 70 30 147,825 70% 30% 60% 19% 40% 57% 70% 89%
6

Status quo Status quo
a g Status quo

11 +40% +120% +80% 80 20 153,985 80% 20% 61% 14% 39% 56% 69% 88%

12 SPR30% - - 190,088 77% 23% 99% 0% 1% 14% 43% 91%

The numbering of Scenarios is different from those given by the IATTC-WCPFC NC Joint WG meeting and is the same as Table 3.
*  Recruitment is resampled from historical values.
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Table S. Expected yield for Pacific bluefin tuna (Thunnus orientalis) under various harvesting scenarios based on the base-case

model.
Harvesting scenarios Expected catch
Scenarios Catch limit in the projection 2029 2034
Reference No WCPO EPO WCPO EPO WpPO 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 21-05) 4,475 7,859 3,995 4,184 8,219 4,010 1,797 4,179 8,232 4,011 2,005
Maintaining the current CMM assuming maximum transfer utilizing
2 . 3,236 9,799 3,995 3,256 9,884 4,016 1,933 3,256 9,895 4,018 2,189
the conversion factor
3 No fishing allowed 0 0 0 0 0 0 0 0 0 0 0
4 Status quo Status quo Status quo 7,310 12,424 6,392 6,509 13,111 6,348 996 6,540 12,969 6,332 926
+60% +60% +60% ! . ’ . ! . . ! !
5 stat Status quo status quo 4,475 21,555 11,186 4,386 21,718 11,223 1,033 4,383 20,799 11,224 1,055
atus quo +180% +180% g . , g ) ) ) 2 2 ) )
6 status guo status quo Status quo 5,420 20,235 8,310 5,388 20,361 8,321 1,030 5,394 19,989 8,330 1,035
+20% +163% +108% ' ' ! . ' . . . ' . !
7 Status quo Status quo Status quo 5,893 17,789 7,670 5,727 17,911 7,669 1,035 5,739 17,717 7,673 1,026
+30% +131% +92% ! ! ’ . ! ’ . ! ! ! !
8 Statusquo | Status Guo Status quo 5,893 10,142 11,586 5,488 10,540 11,562 993 5,508 10,420 11,556 950
+30% +30% +190% . ! . . ' ! . ' !
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
b
Status quo Status quo
Status quo
10 +10% +130% +190% 4,948 17,751 11,586 4,704 18,017 11,581 1,020 4,707 17,667 11,589 1,025
b
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
b
12 SPR30% - 4,820 18,091 5,607 715 4,812 19,436 5,668 733

* Korean catch reflects the recent catch proportion for small and large, thus expected catches do not match with catch allocations.
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Figure 12. Comparisons of various projection results for Pacific bluefin tuna (Thunnus orientalis)
obtained from projection results. (Top) Median of scenarios 1 and 2 (solid lines) and their 90%
confidence intervals (dotted lines). (Bottom) Median of all harvest scenarios examined from Table
3. The horizontal line represents the second rebuilding target.
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Figure 13. “Future Kobe Plot™ of projection results for Pacific bluefin tuna (Thunnus orientalis)
from Scenario 1 in Table 3. Vertical and horizontal dashed lines show 20%SSBr-o (which
corresponds to the second biomass rebuilding target) and the corresponding fishing mortality that
produces SPR, respectively.
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Figure 14. “Future impact plot” from projection results for Pacific bluefin tuna (Thunnus orientalis)
from Scenario 1 in Table 3. The top figure shows absolute biomass and the bottom figure shows
relative impacts. The impact is calculated based on the expected increase of SSB in the absence of
the respective group of fisheries.
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