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1.1 ABSTRACT

This report details the assessment of the Pacific blue marlin (Makaira nigricans) stock conducted in 2026
by the International Scientific Committee for Tuna and Tuna-like Species in the North Pacific Ocean (ISC)
Billfish Working Group. The 2026 stock assessment consisted of applying a Stock Synthesis (553) model
with the updated best-available life history parameters and catch estimates, abundance indices, and size
composition data for 1971-2024. The results indicated population biomass (age 1 and older) of Pacific
blue marlin declined from an initially fished level of 217,857 mt in 1971 to 183,150 mt in 1993, then
123,318 mt in 1999. Population biomass exhibited a steady further decline to average 102,490 mt in
2021-2023, with a terminal year increase to an estimated 127,300 mt in 2024. Estimated fishing
mortality rate (F, expressed as exploitation rate of biomass) increased through the 1970s—1990s peaking
at 0.23, then fluctuated around 0.20 before declining to 0.12 in 2023 and 0.14 in 2024. Fishing mortality
rates have been below Fusy (Fmsy = 0.26) for the entire assessment period. The recent (average for 2021-
2023) female spawning stock biomass of 42,038 mt was greater than SSBusy (SSBmsy =31,651 mt) and the
recent F of 0.13 (average for 2021-2023) was 50% below Fusy. The base model indicated under current
conditions, the Pacific blue marlin stock was not overfished (>99% probability) and was not subject to
overfishing (>99% probability) relative to MSY-based reference points.

2 EXECUTIVE SUMMARY: PACIFIC BLUE MARLIN (IMAKAIRA NIGRICANS) STOCK ASSESSMENT

Stock Identification and Distribution: The Pacific blue marlin (Makaira nigricans) is assessed as a pan-
Pacific stock caught primarily in tropical and sub-tropical waters (Figure S1). All available fishery data
from ISC Members, the Inter-American Tropical Tuna Commission (IATTC), and the Western and Central
Pacific Fisheries Commission (WCPFC) were used for this stock assessment. For modeling observations
of catch-per-unit-effort (CPUE) and size composition data, it was assumed that there was instantaneous
mixing of fish throughout the stock area on a quarterly basis.

Catches: Pacific blue marlin catches increased from 9,345 mt in the first year of the assessment
(1971) to a maximum of 27,161 mt in 1995 (Figure S2). Catches were highly variable from 1996—
2015, ranging from 18,287 to 27,073 mt and averaging about 22,150 mt. Since 2016, catches of
Pacific blue marlin declined by almost half to less than 13,000 mt in 2023, and catch increased
to an estimated 17,738 mt in 2024. Overall, longline gear has accounted for the vast majority of
Pacific blue marlin catches (>80%) with Japanese fleets dominating the catch before 2000, and
Chinese Taipei and other longline fleets dominating thereafter.
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Data and Assessment: Catch and size composition data were compiled from ISC members
(Japan, Chinese Taipei, and United States), other WCPFC members, and other IATTC members
(Table S1). Standardized CPUE data used to measure trends in relative abundance were
provided by Japan, Chinese Taipei, and U.S.. The size composition of Pacific blue marlin catches
was included in the model for several fishing fleets, including data compiled from longline,
driftnet, and purse seine gear. Life history parameters for sex-specific growth, longevity, and
natural mortality were updated for this stock assessment. The value for the Beverton-Holt
stock-recruitment steepness (h) in the base model was 0.87. An age-structured assessment
model was fit to relative abundance indices (CPUE) and size composition data in the likelihood-
based integrated statistical modeling framework Stock Synthesis (SS3). A large number of
sensitivity analyses were conducted to evaluate the influence of the model specification and
data streams on population biomass and fishing mortality trajectories. Model specifications and
input parameters investigated in the sensitivity analyses included natural mortality, stock-
recruitment steepness, growth, maturity, uncertainty in the input data (e.g., spatial definitions
of CPUE indices, additional error added to input CPUE data, the first year of catch estimates,
over- or under-estimation of catch, or the inclusion of size composition data in terms of either
weight or length), and variations in model structure (e.g., fleet selectivity and catchability, initial
catch and fishing mortality, and estimation of recruitment deviations from the stock-
recruitment relationship).

Status of the Stock: The base model indicated the Pacific blue marlin stock was likely not overfished and
likely not subject to overfishing. Estimates of population biomass (age 1 and older) for the Pacific blue
marlin stock declined from 183,150 mt in 1993 to 123,300 mt in 1999, with a steady further decline to
average 102,490 mt in 2021-2023, and a terminal year increase to an estimated 127,300 mt in 2024
(Figure S3). Estimated fishing mortality rate (F, expressed as exploitation rate of biomass) increased
through the 1970s—1990s, and fluctuated around 0.20 before declining to 0.12 in 2023 and 0.14 in 2024.
Fishing mortality rates have been below Fusy for the entire assessment period. The recent spawning
stock biomass of 42,038 mt (average for 2021-2023) was greater than SSBusy (SSBwmsy = 31,651 mt) and
the recent F of 0.13 (average for 2021-2023) was 50% below Fusy. The base model indicated under
current conditions the Pacific blue marlin stock was virtually certain to be not overfished (>99%
probability) and was virtually certain to be not subject to overfishing (>99% probability) relative to MSY-
based reference points (Figure S4).

Biological Reference Points: MSY-based biological reference points and a depletion-based
reference point (20% of virgin population mature female biomass; denoted 20%SSBo) were
computed for the base model (Table S2). The point estimate of annual catch at Fusy was 24,306
mt and at 20%SSBo was 24,119 mt. The point estimate of the female SSB to produce MSY
(mature female biomass) was 31,651 mt. The point estimate of Fusy, the fishing mortality rate
to produce SSBmsy was 0.26 (when F is calculated as exploitation rate of total biomass) or 0.22
(when Fis calculated as average F for ages 1-10). Faoxssso, the fishing mortality rate to maintain
the population at 20%SSBo was 0.23 (F as exploitation rate of total biomass) or 0.20 (average F
for ages 1-10). The corresponding equilibrium value of spawning potential ratio (SPR) at SSBmsy
was 19.6%; SPR corresponding to 20%SSBo was 23%.
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Table S1: Reported catch (mt and numbers) used in the stock assessment along with annual
estimates of total catch (mt), population biomass (age-1 and older, mt), female spawning stock
biomass (SSB, mt), relative female spawning stock biomass (SSB/SSBwsy), recruitment
(thousands of age-0 fish), fishing mortality rate (F as exploitation rate of total biomass), relative
fishing mortality rate (F/Fusy), and spawning potential ratio of Pacific blue marlin (Makaira
nigricans).

Year 2019 2020 2021 2022 2023 2024 Mean' Min’ Max!
Estimated total Catch
(;tl;’na ea totaltate 20,407 16,827 13,692 14,336 12,958 17,738 18,967 9,345 27,161

Population Biomass 101,913 99,122 98,388 100,637 108,435 127,300 148,355 98,388 217,857
Spawning Stock
Biomass

Relative Spawning

39,065 39,099 40,365 42,117 43,633 47,244 71,486 38,868 133,084

: 123 124 128 133 138 149 222 1.23 4.03
Stock Biomass
Recruitment (age 0) 737 673 727 1,084 1,386 931 936 614 1,410
Fishing Mortality Rate 020 0.17 014 014 012 014 014  0.04 0.23
Relative Fishing 078 066 054 055 046 054 055  0.20 0.90
Mortality Rate
Spawning Potential 026 030 037 036 041 037 039 021 0.70

Ratio
1During 1971-2024
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Table S2. Estimated biological reference points derived from the base model for Pacific blue
marlin (Makaira nigricans) where F is the fishing mortality rate, expressed as exploitation rate
of biomass or instantaneous annual F of ages 1-10. SPR is annual spawning potential ratio, SSB
is spawning stock biomass (mature female biomass), SSBo is virgin unfished SSB, and MSY is
maximum sustainable yield.

Reference Point Estimate

F as exploitation(biomass)

Fmsy 0.26
Fao%ssso 0.23
F2003 0.23
F2021-2023 0.13
Average F ages 1-10

Fmsy 0.22
Fao%ssso 0.20
F2003 0.20
F2021-2023 0.11
Spawning Stock Biomass (SSB, mt)
SSBo 192,529
SSBmsy 31,651
20%SSBo 38,506
SSB2003 42,652
SSB2021-2023 42,038
Catch (C, mt)

Cwmisy 24,306
C20%ssBo 24,119
C2003 27,073
C2021-2023 13,662
Spawning Potential Ratio (SPR)
SPRmsy 0.196
SPR2o%ssBo 0.230
SPR2003 0.209
SPR2021-2023 0.381
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Table S3: Projected median values of Pacific blue marlin (Makaira nigricans) spawning stock

biomass (SSB, mt) and catch (mt) in 2025—-2034 under 4 constant fishing mortality rate

scenarios: (1) Frigh = F2003, Which is the highest fishing mortality rate (F) estimated for the model
time series; (2) Fusy; (3) Frecent = F(2021-2023) Which is the F corresponding to the average fishing
intensity (SPR) from 2021-2023; and (4) Fsoxser Which is the F corresponding to SPR = 30%.

Year 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Scenario 1: Fuigh

SSB 53,390 50,126 47,384 45,292 43,642 42,530 41,649 40,950 40,418 39,970
Catch 28,998 27,390 26,414 25,647 25,233 24,833 24,506 24,263 24,129 24,001
Scenario 2: Fusy

SSB 51,646 46,467 42,614 40,069 38,360 37,143 36,262 35,680 35,140 34,765
Catch 32,992 30,396 28,563 27,326 26,518 25,875 25,437 25,110 24,899 24,705
Scenario 3: Fgecent

SSB 56,574 60,297 62,837 65475 67,469 69,089 70,349 71,131 71,741 72,218
Catch 16,158 16,873 17,505 18,102 18,566 18,930 19,147 19,293 19,408 19,514
Scenario 4: F3oxser

SSB 54,642 54,136 53,702 53,663 53,502 53,386 53,290 53,090 53,045 53,019
Catch 23,256 23,050 23,009 22,901 22,902 22,874 22,861 22,873 22,863 22,874
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Figure S1. A diagram of the conceptual model developed by the ISC Billfish Working Group for
female Pacific blue marlin (Makaira nigricans). Arrows show general exchange of fish, not
directed movement. The red boundary represents approximate habitat range of Pacific blue
marlin.
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Figure S2. Total annual catch of Pacific blue marlin (Makaria nigricans) 1971-2024 by fleet in
the 2026 stock assessment. See Table 1 in the stock assessment report for descriptions of each
fishing fleet.
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Figure S3. Annual estimates of (a) female spawning stock biomass, SSB; (b) population biomass
(age 1+); (c) fishing mortality rate (F) as exploitation rate of biomass; and (d) recruitment (age-0
fish) for Pacific blue marlin (Makaria nigricans). The solid line represents the maximum
likelihood estimates by year for each quantity, the shaded areas are 95% confidence intervals,
and dashed lines indicate the static SSBuvsy and Fusy reference points.
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Figure S4: Kobe plot of the timeseries of estimates of mature female spawning stock biomass
(SSB) and fishing mortality rate (as exploitation of biomass) relative to MSY values (SSBusy and
Fusy, respectively) of Pacific blue marlin (Makaira nigricans) during 1971-2024. The earliest
white symbol indicates 1971, subsequent years are labeled in 5-year increments. Shading
indicates 50% (innermost), 80%, and 95% confidence intervals of terminal year (2024) stock
status.
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Figure S5. Historical and projected trajectories of mature female spawning stock biomass (SSB)
from the Pacific blue marlin (Makaira nigricans) base model based on 4 constant fishing
mortality rate (F) scenarios: (1) Fuigh = F2003, which is the highest F estimated for the model time
series; (2) Fusy; (3) Frecent = F(2021-2023) Which is the F corresponding to the average fishing
intensity (SPR) from 2021-2023; and (4) Fszoxser Which is the F corresponding to SPR = 30%. The
solid lines and symbols are the median value of the 100 bootstrap model runs and the shaded
ribbon is the 95% confidence interval. The dashed line indicates the spawning stock biomass at

MSY.
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Figure S6. Historical and projected trajectories of catch from the Pacific blue marlin base
(Makaira nigricans) case model based on 4 constant fishing mortality rate (F) scenarios: (1) Frign
= F2003, Which is the highest F estimated for the model time series; (2) Fusy; (3) Frecent = F(2021-2023)
which is the F corresponding to the average fishing intensity (SPR) from 2021-2023; and (4)
F3o%spr Which is the F corresponding to SPR = 30%. The solid lines and symbols are the median
value of the 100 bootstrap model runs and the shaded ribbon is the 95% confidence interval.
The dashed line indicates MSY.
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composition data were assumed to equal (mirror) the fitted selectivity for F5_TWN_LTLL. All survey
fleets in this assessment are fishery-dependent, hence were mirrored to the fishing fleets from which
the indices were calculated.

3.2.10 CONVERGENCE CRITERIA

The model was assumed to have converged if the standard error of the estimated parameters could be
derived from the inverse of the negative Hessian matrix. Various convergence diagnostics were also
evaluated. Excessive CVs (>50%) on estimated parameters would suggest uncertainty in the parameter
estimates or model structure. A gradient of >0.001 would suggest poorly fit parameter estimates. The
correlation matrix was also evaluated to identify highly correlated (>95%) and non-informative (<0.01)
parameters. Parameter estimates at or near numeric bounds were also indicative of poor model fit.

3.2.11 MoODEL DIAGNOSTICS

Several diagnostics have been evaluated for their utility to identify data conflicts and model
misspecification within integrated stock assessment models (Carvalho et al. 2017). However, Carvalho et
al. conclude there is no single diagnostic that can be used to identify a misspecified model, instead, the
authors suggest simultaneously considering a range of diagnostic results, such as goodness-of-fit
measures for indices of abundance and size composition data, runs tests, likelihood profiles of leading
parameters, retrospective analysis, hindcasting/cross-validation analyses, and comparison to results
from different population models (Carvalho et al. 2017, 2021).

3.2.11.1 Goodness-of-Fit Indices of Abundance
Residuals are examined for patterns to evaluate whether the model assumptions have been met. Many

statistics exist to evaluate the residuals for desirable properties. One way is to calculate, for each
abundance index, the root-mean-square-error (RSME) was used as a goodness-of-fit diagnostic, with
relatively low RMSE values (i.e., RMSE < 0.3) being indicative of a good fit.

3.2.11.2 Goodness-of-Fit Size Composition Data
Comparisons between the observed and expected mean values of composition data from Francis (2011)

were used for model diagnostics. Pearson residuals for size composition data fits were also used as a
model diagnostic.

3.2.11.3 Runs Test
The runs test evaluates the residuals of the CPUE indices and size composition mean length trends. This

is a nonparametric test for randomness in the sequence of residuals relying on a 2-sided p-value to
estimate the number of positive or negative residuals in a row (i.e., a “run”; Wald and Wolfowitz 1940;
Carvalho et al. 2021). The runs test can be applied to CPUE or size composition data. A p-value less than
alpha = 0.05 suggests residuals are not random and instead exhibit a pattern over time, hence the model
is unable to fit the data well and may be mis-specified.

3.2.11.4 Rq likelihood profile
An R likelihood component profile was performed by sequentially fixing the equilibrium recruitment

parameter, Ro, on the natural log scale, (In(Ro)), to a range of values. The relative change in negative log-
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likelihood units over the range of fixed values for In(Ry) (the Ro profile) was compared among the SS3
model likelihood components for CPUE, size composition, initial equilibrium catch, and recruitment
deviations using several criteria. First, a relatively large change in negative log-likelihood units along the
Ro profile was diagnostic of a relatively informative data source for that particular model. Second, a
difference in the location of the minimum negative log-likelihood along the R, profile among data
sources was diagnostic of either conflict in the data or model misspecification.

3.2.11.5 Retrospective analysis
Retrospective analysis is a way to detect bias and model misspecification (Hurtado-Ferro et al. 2015). A

retrospective analysis was implemented by sequentially eliminating the five most recent years of data
from the full stock assessment base model (a 5 year “peel”) and then re-estimating all stock assessment
model parameters from each peel and from the full model. Then Mohn’s rho was calculated for the
biomass and fishing mortality peels, which measures the severity of the retrospective pattern. Values
higher than 0.20 and lower than -0.15 can indicate problematic retrospective patterns and may point to
model misspecification, data conflicts, or poor fits to the data.

3.2.11.6 Prediction skill
In addition to evaluating the retrospective patterns of the model, understanding how well a model

predicts future years is key to evaluating projections. To do so, hindcasting cross-validation was used to
predict the next years’ observed data from the retrospective peel (Carvalho et al. 2021). Then the
forecast bias is estimated by comparing the forecasted values from the retrospective peel to the full
model. To evaluate the predictive skill, the mean absolute scaled error (MASE) is used to determine if
the predicted value improves the model forecast compared to the baseline. A MASE score of >1
indicates that the average model forecasts are worse than a random walk model, and a value of 0.5
indicates the model has prediction skill. The hindcasting cross-validation and MASE scores were
calculated for the five CPUE indices in the last five years of the assessment.

3.2.11.7 Age-structured production model

An age-structured production model (ASPM: Maunder and Piner 2015; Carvalho et al. 2017) was
implemented by fixing selectivity to the estimated values from the SS3 base model, fixing recruitment
equal to the stock recruitment curve obtained from the fully integrated stock assessment model, and
then estimating the remaining parameters of the stock assessment model. Trends in relative spawning
stock size were compared from the fully integrated stock assessment model and the ASPM.

Carvalho et al. (2017) suggests that if the ASPM is able to fit well to the indices of abundance
that have good contrast (i.e. those that have declining and/or increasing trends), then this is
evidence of the existence of a production function, and the indices will likely provide
information about absolute abundance. On the other hand, Carvalho et al. (2017) suggests that
if there is not a good fit to the indices, then the catch data alone cannot explain the trajectories
depicted in the indices of relative abundance. This can have several causes: (i) the stock is
recruitment-driven; (ii) the stock has not yet declined to the point at which catch is a major
factor influencing abundance; (iii) the base model is incorrect; or (iv) the indices of relative
abundance are not proportional to abundance.
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Table 1. List of fleets with catch, CPUE indices, and size composition data in the base model for the 2026 Pacific blue marlin stock
assessment. Catch and CPUE units are either biomass (B) or numbers (N). Size data were available as combined sex (U), female (F),

and male (M), in either length or weight.

Fleet name Fleet Member Description Units Size data Source
number
Coastal, offshore, and
distant water longline, Length (U), 1971- . . .
F1_JPN_EarlyLL 1 Japan other gears, 1971 B 1993 ljima (2021); Jusup and Kai (2026b)
1993
Offshore and distant
F2_JPN_LatelL 2 Japan water longline east, B ;%gith (U), 1994~ Jusup and Kai (2026b)
1994-2024
eemereh e 0)some
F4_JPN_DRIFT_BAIT 4 Japan . ’ . B years from 1977—  Jusup and Kai (2026b)
driftnet, and bait 1998
fishing 1972-2024
Chinese Large tonnage Length (U), 2014—
F5_TWN_LTLL 5 Taipei longline, 19712024 B 2024 Yeh and Chang (2026b)
Chinese Small tonnage NA: Selectivity
mirrors
F6_TWN_STLL 6 Taipei longline, 1971-2024 B Yeh and Chang (2026b)
F5_TWN_LTLL
Chi C_O”aSt:I Iotnglltne, NA: Selectivity
F7_TWN_Other 7 inese Elinet, setnet, B mirrors Yeh and Chang (2026b)
Taipei harpoon, and others,

1971-2024

F5_TWN_LTLL
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Fleet name Fleet Member Description Units Size data Source
number
. NA: Selectivity
Various . ; .
F8 IATTC_LL 8 flags Longline, 1983-2024 B mirrors Minte-Vera, pers. com.
& F5_TWN_LTLL
. NA: Selectivity
Various . .
F9_WCPFC_LL 9 flags Longline, 1971-2024 B mirrors WCPFC
& F5_TWN_LTLL
All gears and flags not Length (U), 2006—
Various otherwise included: 2024 from IATTC
F10_VAR_PS_Other 10 flags purse seine, troll, B purse seine (only  Minte-Vera, pers. com.; WCPFC
& handline, harpoon, fleet w/ a priori
others, 1971-2024 logistic selectivity)
American Samoa and
Hawaii, longline Length (U/F/M),
F11_US_LL 11 u.S. shallow and deep Num 2004-2024. Sex- Sculley (2026b)
combined, 1993- specific selectivity
2024.
UsS Troll, handline, 1971- NA: Selectivity
F12_US_Other 12 (I-ia;/vaii) 2024, and longline, B mirrors Sculley (2026b)
1971-1992 F11_US_LL
Offshore and distant NA: Selectivity
S1_JPN_EarlyLL 13 Japan water longline, 1975—- Num mirrors ljima (2021)
1993 F1_JPN_EarlyLL
Chi L ; NA: Selectivity
inese arge tonnage .
mirrors
S4 TWN_LTLL_Early 16 Taipei longline, 1971-1978 Num Yeh and Chang (2026a)

F5_TWN_LTLL
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Fleet name Fleet Member Description Units Size data Source
number
Chi L ; NA: Selectivity
. inese arge tonnage .
mirrors
S5_TWN_LTLL_Mid 17 Taipei longline, 1979-1999 Num Yeh and Chang (2026a)
F5_TWN_LTLL
. NA: Selectivity
U.S. Longl deep-set .
$8_US_LLdeep 20 (Hawail o‘:l‘g Tgeés_e;g’zze Num  mirrors Sculley (2026a, 2026b)
v F11_US_LL
Offshore and distant NA: Selectivity
S9_JPN_LateLL 21 Japan water longline, 1994— Num mirrors Jusup and Kai (2026a)
2024 F2_JPN_LatelL
Chi L ; NA: Selectivity
inese arge tonnage .
mirrors
S10_TWN_LTLL Late 22 Taipei longline, 2000-2024 Num Chang, Pers. Comm.

F5_TWN_LTLL
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Table 2. Timeseries of catch by fleet submitted for the 2026 Pacific blue marlin stock assessment. Catch units are thousands of fish for
fleet F11 and metric tons for all fleets. Fleets are F1_JPN_EarlyLL, F2_JPN_LateLL, F4_JPN_DRIFT_BAIT, F5_TWN_LTLL, F6_TWN_STLL,
F7_TWN_Other, F8_IATTC_LL, F9_WCPFC_LL, F10_VAR_PS_Other, F11_US_LL, F12_US_Other, and described in more detail in Table
1

Year Season F1 F2 F4 F5 F6 F7 F8 FO_ F10 F11 F12
1971 1 1938.189 26 332.75 151 15 42.5 13.637
1971 2 1707.881 26 332.75 151 15 42.5 12.929
1971 3 1934.985 26 332.75 151 15 42.5 16.156
1971 4 1444.607 26 332.75 151 15 42.5 7.688
1972 1 2612.648 3.689 50.75 301.25 138.5 15.75 44.5 4.697
1972 2 2307.136 3.689 50.75 301.25 138.5 15.75 44.5 8.033
1972 3 2189.031 3.689 50.75 301.25 138.5 15.75 44.5 9.903
1972 4 1647.288 3.689 50.75 301.25 138.5 15.75 44.5 2.394
1973 1 2949.208 71.574 56.25 412.5 138 18.75 54 8.664
1973 2 2694.06 71.574 56.25 412.5 138 18.75 54 4.258
1973 3 1745.656 71.574 56.25 412.5 138 18.75 54 17.303
1973 4 2087.311 71.574 56.25 412.5 138 18.75 54 7.91
1974 1 2553.676 71.82 40.25 534.75 127.75 21.75 60.25 6.451
1974 2 2142.61 71.82 40.25 534.75 127.75 21.75 60.25 9.04
1974 3 1797.688 71.82 40.25 534.75 127.75 21.75 60.25 28.342
1974 4 1807.085 71.82 40.25 534.75 127.75 21.75 60.25 12.922
1975 1 1722.561 231.939 37 657 157.75 29.5 61.25 13.848
1975 2 1405.744 231.939 37 657 157.75 29.5 61.25 11.345
1975 3 1745.073 231.939 37 657 157.75 29.5 61.25 14.749
1975 4 1323.689 231.939 37 657 157.75 29.5 61.25 7.856
1976 1 1659.145 192.832 44 322.75 170.5 197 52.25 5.4
1976 2 2006.91 192.832 44 322.75 170.5 197 52.25 5.366
1976 3 2237.052 192.832 44 322.75 170.5 197 52.25 36.81
1976 4 1995.421 192.832 44 322.75 170.5 197 52.25 38.863
1977 1 2272.466 293.183 36.25 293.75 128 163.25 72.5 31.814
1977 2 2199.572 293.183 36.25 293.75 128 163.25 72.5 32.467

38



DRAFT

Year Season F1 F2 F4 F5 F6 F7 F8 FO_ F10 F11 F12
1977 3 2001.008 293.183 36.25 293.75 128 163.25 72.5 72.454
1977 4 2045.534 293.183 36.25 293.75 128 163.25 72.5 29.341
1978 1 2645.89 266.619 15.75 408.25 96.75 191.75 46.25 23.156
1978 2 2933.715 266.619 15.75 408.25 96.75 191.75 46.25 87.912
1978 3 2427.544 266.619 15.75 408.25 96.75 191.75 46.25 105.154
1978 4 2012.679 266.619 15.75 408.25 96.75 191.75 46.25 27.46
1979 1 2527.729 167.498 105.5 406.5 137 347.25 58.75 25.619
1979 2 3020.767 167.498 105.5 406.5 137 347.25 58.75 68.214
1979 3 2401.972 167.498 105.5 406.5 137 347.25 58.75 79.98
1979 4 2448.51 167.498 105.5 406.5 137 347.25 58.75 24.844
1980 1 3625.266 247.926 122.5 283.5 162.25 267.75 53.5 23.439
1980 2 2974.496 247.926 122.5 283.5 162.25 267.75 53.5 58.56
1980 3 2351.92 247.926 122.5 283.5 162.25 267.75 53.5 76.264
1980 4 2287.105 247.926 122.5 283.5 162.25 267.75 53.5 42.585
1981 1 3032.218 332.782 115.75 453.25 104.5 316.75 59.75 38.507
1981 2 3337.029 332.782 115.75 453.25 104.5 316.75 59.75 56.196
1981 3 2522.765 332.782 115.75 453.25 104.5 316.75 59.75 86.69
1981 4 2194.676 332.782 115.75 453.25 104.5 316.75 59.75 37.412
1982 1 3321.002 277.195 76 532.25 108.25 349.25 54.25 31.084
1982 2 3409.028 277.195 76 532.25 108.25 349.25 54.25 61.635
1982 3 2781.276 277.195 76 532.25 108.25 349.25 54.25 75.359
1982 4 2293.791 277.195 76 532.25 108.25 349.25 54.25 38.597
1983 1 3377.449 285.804 68 530.25 223.5 197 60.5 15.511
1983 2 3125.871 285.804 68 530.25 223.5 7.74 197 60.5 40.869
1983 3 2294.869 285.804 68 530.25 223.5 0.22 197 60.5 66.238
1983 4 2512.001 285.804 68 530.25 223.5 197 60.5 37.909
1984 1 4425.009 105.516 95.5 447.25 273.25 283.5 110 19.892
1984 2 3742.992 105.516 95.5 447.25 273.25 283.5 110 25.246
1984 3 2973.921 105.516 95.5 447.25 273.25 283.5 110 81.734
1984 4 2898.345 105.516 95.5 447.25 273.25 283.5 110 30.89
1985 1 3559.643 173.155 53 296.75 202.5 327.25 128 30.995
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Year Season F1 F2 F4 F5 F6 F7 F8 FO_ F10 F11 F12
1985 2 3081.567 173.155 53 296.75 202.5 327.25 128 42.657
1985 3 2009.548 173.155 53 296.75 202.5 327.25 128 50.545
1985 4 2109.275 173.155 53 296.75 202.5 327.25 128 23.83
1986 1 3643.409 134.785 46 430.75 260 0.29 3125 135.5 35.908
1986 2 3903.544 134.785 46 430.75 260 1.99 3125 135.5 59.356
1986 3 2562.946 134.785 46 430.75 260 9.68 3125 135.5 82.965
1986 4 2337.911 134.785 46 430.75 260 11.21 3125 135.5 47.598
1987 1 3168.561 133.31 49.5 1154.25 249 72.9 901.75 116.5 36.205
1987 2 3948.979 133.31 49.5 1154.25 249 91.74 901.75 116.5 66.079
1987 3 3567.206 133.31 49.5 1154.25 249 65.72 901.75 116.5 96.252
1987 4 2734.977 133.31 49.5 1154.25 249 95.39 901.75 116.5 65.322
1988 1 4218.267 146.591 80 705.5 318.75 49.19 874.75 126.25 39.036
1988 2 3301.101 146.591 80 705.5 318.75 14.04 874.75 126.25 38.791
1988 3 2347.824 146.591 80 705.5 318.75 25.63 874.75 126.25 110.8
1988 4 1881.076 146.591 80 705.5 318.75 14.16 874.75 126.25 102.952
1989 1 2629.04 169.22 111.25 661 168.25 19.74 628 129.5 75.938
1989 2 2801.753 169.22 111.25 661 168.25 7.72 628 129.5 122.161
1989 3 2440.935 169.22 111.25 661 168.25 16.64 628 129.5 155.996
1989 4 2277.036 169.22 111.25 661 168.25 41.28 628 129.5 156.957
1990 1 2710.658 124.455 109.25 432.5 149.25 25.85 575 177.5 76.841
1990 2 2528.48 124.455 109.25 432.5 149.25 53.4 575 177.5 139.96
1990 3 1659.312 124.455 109.25 432.5 149.25 105.15 575 177.5 228.888
1990 4 2210.48 124.455 109.25 432.5 149.25 133.75 575 177.5 99.942
1991 1 2793.152 86.086 180 538 136 173.72 506.5 222.5 41.298
1991 2 3034.564 86.086 180 538 136 148.37 506.5 222.5 93.591
1991 3 1816.205 86.086 180 538 136 71.43 506.5 222.5 125.074
1991 4 2128.408 86.086 180 538 136 80.15 506.5 222.5 87.422
1992 1 3207.383 77.231 30.5 942.75 152.25 171.07 764.5 200.75 74.166
1992 2 3203.273 77.231 30.5 942.75 152.25 164.54 764.5 200.75 53.484
1992 3 2210.511 77.231 30.5 942.75 152.25 65.92 764.5 200.75 92.214
1992 4 2018.331 77.231 30.5 942.75 152.25 154.72 764.5 200.75 42.059
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Year Season F1 F2 F4 F5 F6 F7 F8 FO_ F10 F11 F12
1993 1 3165.133 82.642 112.25 969 141.75 113.67 813.75 200 3.9 24.624
1993 2 3260.163 82.642 112.25 969 141.75 132.71 813.75 200 9.24 39.27
1993 3 2560.441 82.642 112.25 969 141.75 42.07 813.75 200 7.18 140.183
1993 4 2649.125 82.642 112.25 969 141.75 30.13 813.75 200 6.64  109.407
1994 1 3266.94 73.542 150.75 751.75 63.75 96.84 919.5 267.5 4.19 70.875
1994 2 3390.493 73.542 150.75 751.75 63.75 35.05 919.5 267.5 6.22 67.671
1994 3 3046.626 73.542 150.75 751.75 63.75 18.33 919.5 267.5 109 131.785
1994 4 3057.104 73.542 150.75 751.75 63.75 12.88 919.5 267.5 53 29.82
1995 1 2941.082 77.723 815 955 237.75 60.47  1224.75 296 4.94 13.065
1995 2 3198.674 77.723 815 955 237.75 7494  1224.75 296 12.7 73.163
1995 3 2811.798 77.723 815 955 237.75 44,54  1224.75 296 13.2  136.585
1995 4 2263.451 77.723 815 955 237.75 51.44  1224.75 296 15.5 93.006
1996 1 1597.717 70.59 46.75 824.5 82 47.3 866.75 325.5 7.64 123.15
1996 2 1661.194 70.59 46.75 824.5 82 31.21 866.75 325.5 9.43 90.288
1996 3 1356.846 70.59 46.75 824.5 82 22.53 866.75 325.5 9.57 135.632
1996 4 1227.759 70.59 46.75 824.5 82 30.79 866.75 325.5 9.31 59.712
1997 1 1396.189 76.985 26 906.25 71.25 41.02 838.25 311.25 3.732 35.004
1997 2 1887.216 76.985 26 906.25 71.25 52.98 838.25 311.25 16.18 91.678
1997 3 1982.923 76.985 26 906.25 71.25 56.3 838.25 311.25 17.919 141.326
1997 4 1915.203 76.985 26 906.25 71.25 178.14 838.25 311.25 7.48  111.587
1998 1 1764.11 84.118 52.25 900.75 39.75 159.43  1334.75 368 4.524 58.937
1998 2 1922.456 84.118 52.25 900.75 39.75 113.57  1334.75 368 7.164 24.34
1998 3 1604.024 84.118 52.25 900.75 39.75 17.15 1334.75 368 8.048 93.24
1998 4 1379.239 84.118 52.25 900.75 39.75 17.74  1334.75 368 8.795 66.486
1999 1 1409.89 61.49 32.75 840.5 47.5 19.02  1340.25 398.75 5.004 61.662
1999 2 1335.951 61.49 32.75 840.5 47.5 21.02  1340.25 398.75 8.659 33.134
1999 3 1272.847 61.49 32.75 840.5 47.5 54.66 1340.25 398.75 8.255 138.973
1999 4 1230.688 61.49 32.75 840.5 47.5 59.69  1340.25 398.75 4.827 60.693
2000 1 1197.462 53.619 28.5 1934.25 63 16.87 1143.5 198.5 2.72 52.051
2000 2 1238.522 53.619 28.5 1934.25 63 25.1 1143.5 198.5 4.493 28.082
2000 3 1551.745 53.619 28.5 1934.25 63 33.46 1143.5 198.5 11.206 75.54
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Year Season F1 F2 F4 F5 F6 F7 F8 FO_ F10 F11 F12
2000 4 1319.071 53.619 28.5 1934.25 63 23.48 1143.5 198.5 6.343 41.575
2001 1 1086.394 73.788 146.25 2181.5 76 42.48 1549 192.25 2.564 20.059
2001 2 1463.463 73.788 146.25 2181.5 76 62.92 1549 192.25 8.822 67.925
2001 3 1387.675 73.788 146.25 2181.5 76 87.96 1549 192.25 12.87 143.643
2001 4 1334.622 73.788 146.25 2181.5 76 93.86 1549 192.25 12.48 48.608
2002 1 1260.516 63.211 123.75 2171.25 28.5 38.8 1677.75 227.75 8.17 41.44
2002 2 1399.692 63.211 123.75 2171.25 28.5 20.04 1677.75 227.75 8.01 65.622
2002 3 1062.324 63.211 123.75 2171.25 28.5 0.68 1677.75 227.75 6.12 89.773
2002 4 973.032 63.211 123.75 2171.25 28.5 3544 1677.75 227.75 5.27 14.103
2003 1 1402.109 52.881 301.75 1894.25 45.75 12.61 2342.5 258.75 6.69 10.027
2003 2 1257.097 52.881 301.75 1894.25 45.75 14.49 2342.5 258.75 12.5 60.468
2003 3 1004.038 52.881 301.75 1894.25 45.75 5.38 2342.5 258.75 4.75 75.968
2003 4 1077.036 52.881 301.75 1894.25 45.75 11.1 2342.5 258.75 10.85 33.479
2004 1 1287.348 52.881 364 1605.25 38 95.93 1816.25 256.75 7.171 49.782
2004 2 1164.564 52.881 364 1605.25 38 120.59  1816.25 256.75 7.35 49.51
2004 3 1062.343 52.881 364 1605.25 38 69.64  1816.25 256.75 6.01 54.33
2004 4 1086.79 52.881 364 1605.25 38 66.45 1816.25 256.75 6.84 14.556
2005 1 1231.145 57.062 376.5 1851 34.25 69.26 2105.5 421.5 5.827 17.419
2005 2 1029.065 57.062 376.5 1851 34.25 60.6 2105.5 421.5 8.787 64.63
2005 3 953.277 57.062 376.5 1851 34.25 17.14 2105.5 421.5 4.469 82.826
2005 4 715.445 57.062 376.5 1851 34.25 6.41 2105.5 421.5 6.2 18.986
2006 1 734.294 42.551 419.5 1437.75 14.25 41.3 1964 407.5 4.75 16.223
2006 2 1042.93 42.551 419.5 1437.75 14.25 73.71 1964 407.5 9.25 35.234
2006 3 923.813 42.551 419.5 1437.75 14.25 84.28 1964 407.5 9.41 57.005
2006 4 865.033 42.551 419.5 1437.75 14.25 30.38 1964 407.5 10.04 40.434
2007 1 962.555 58.538 317.75 1280 10 61.55 1463.25 468 4.54 24.961
2007 2 920.85 58.538 317.75 1280 10 45.79  1463.25 468 6.98 40.068
2007 3 748.014 58.538 317.75 1280 10 42.52  1463.25 468 4.71 47.385
2007 4 707.439 58.538 317.75 1280 10 20.59  1463.25 468 6.68 9.514
2008 1 761.425 57.8 227.5 1370.25 10.5 19.29  1422.25 382.25 5.43 14.481
2008 2 999.711 57.8 227.5 1370.25 10.5 11.37  1422.25 382.25 9.55 32.079
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Year Season F1 F2 F4 F5 F6 F7 F8 FO_ F10 F11 F12
2008 3 940.621 57.8 227.5 1370.25 10.5 11.6  1422.25 382.25 4.62 88.492
2008 4 724.275 57.8 227.5 1370.25 10.5 6.37 1422.25 382.25 7.17 44.084
2009 1 841.456 53.619 3345 1189 7.75 37.08 1553 328 5.27 35.032
2009 2 925.166 53.619 3345 1189 7.75 38.28 1553 328 9.91 40.766
2009 3 799.999 53.619 3345 1189 7.75 46.17 1553 328 7.23 69.496
2009 4 860.634 53.619 3345 1189 7.75 76.91 1553 328 3.76 21.608
2010 1 908.439 78.953 372.5 1423.5 12 66.59 1446 385.75 3.45 29.014
2010 2 1324.062 78.953 372.5 1423.5 12 153.87 1446 385.75 8.93 30.094
2010 3 1035.322 78.953 372.5 1423.5 12 79.54 1446 385.75 5.84 59.776
2010 4 793.931 78.953 372.5 1423.5 12 144.61 1446 385.75 3.47 18.442
2011 1 830.403 83.626 33275 1266.25 11.75 87.65 1384.75 417.25 6.259 19.882
2011 2 1141.486 83.626 332.75 1266.25 11.75 79.82  1384.75 417.25 8.48 36.833
2011 3 843.766 83.626 33275 1266.25 11.75 107.92  1384.75 417.25 4.284 99.699
2011 4 663.179 83.626 33275 1266.25 11.75 16.84 1384.75 417.25 6.05 35.819
2012 1 680.837 72.312 321 1217 10.5 370.12 1537 584.25 3.85 27.525
2012 2 931.594 72.312 321 1217 10.5 170.36 1537 584.25 7.243 27.483
2012 3 900.875 72.312 321 1217 10.5 230.53 1537 584.25 3.201 61.981
2012 4 724.471 72.312 321 1217 10.5 226.44 1537 584.25 4.98 14.522
2013 1 806.997 46.732 263.75 1402 6 321.98 1670.75 651.25 3.597 21.921
2013 2 1098.224 46.732 263.75 1402 6 385.7 1670.75 651.25 6.534 39.556
2013 3 888.656 46.732 263.75 1402 6 172.83 1670.75 651.25 4.808 71.463
2013 4 586.877 46.732 263.75 1402 6 94.68 1670.75 651.25 6.61 15.544
2014 1 677.288 46.24 306.25  1415.75 36 224.64  1986.25 762 5.23 20.46
2014 2 899.851 46.24 306.25  1415.75 36 130.16  1986.25 762 10.674 58.338
2014 3 736.728 46.24 306.25  1415.75 36 163.99 1986.25 762 4.954 52.15
2014 4 520.674 46.24 306.25  1415.75 36 274.46  1986.25 762 6.823 25.39
2015 1 590.868 49.684 507 1194 48.5 200.68  1942.75 819.75 5.626 13.582
2015 2 722.469 49.684 507 1194 48.5 177.92  1942.75 819.75 15.079 58.252
2015 3 661.903 49.684 507 1194 48.5 14532 1942.75 819.75 3.219 75.71
2015 4 556.801 49.684 507 1194 48.5 233.22  1942.75 819.75 13.172 45.874
2016 1 816.468 44.027 442 989.5 46.75 397.52 1824  1392.75 7.208 21.209
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Year Season F1 F2 F4 F5 F6 F7 F8 FO_ F10 F11 F12
2016 2 897.26 44.027 442 989.5 46.75 82.72 1824  1392.75 10.1 32.719
2016 3 578.669 44.027 442 989.5 46.75 72.02 1824  1392.75 4.378 58.113
2016 4 551.047 44.027 442 989.5 46.75 117.68 1824  1392.75 8.687 37.516
2017 1 524.664 33.942 314.75 1155.75 36.25 231.08  1265.25 769.5 7.35 25.998
2017 2 583.317 33.942 314.75  1155.75 36.25 262.84  1265.25 769.5 10.614 48.141
2017 3 632.392 33.942 314.75  1155.75 36.25 339.67 1265.25 769.5 10.538 47.537
2017 4 476.458 33.942 314.75  1155.75 36.25 224.64  1265.25 769.5 9.911 30.006
2018 1 407.709 44.273 227.5 969.5 29.75 250.3 1305.5 798.5 7.741 26.188
2018 2 603.367 44.273 227.5 969.5 29.75 252.3 1305.5 798.5 12.512 55.491
2018 3 505.213 44.273 227.5 969.5 29.75 326.99 1305.5 798.5 7.818 43.702
2018 4 397.805 44.273 227.5 969.5 29.75 409.08 1305.5 798.5 9.084 38.402
2019 1 355.438 43.781 171 949.75 30.25 253.69  1345.75 786 9.987 23.639
2019 2 614.39 43.781 171 949.75 30.25 111.29  1345.75 786 20.958 46.979
2019 3 482.637 43.781 171 949.75 30.25 94.75  1345.75 786 14.025 62.162
2019 4 335.606 43.781 171 949.75 30.25 235.83  1345.75 786 15.59 30.616
2020 1 283.106 30.253 111 603.75 36.75 440.09 996.17 1039.29 9.19 41.247
2020 2 397.416 30.253 111 603.75 36.75 298.23 996.17 1039.29 9.477 21.863
2020 3 290.137 30.253 111 603.75 36.75 281.59 996.17 1039.29 9.708 21.425
2020 4 227.499 30.253 111 603.75 36.75 386.72 996.17 1039.29 10.184 16.3
2021 1 255.263 41.567 93.5 581.25 35 411.8 891.82 681.89 6.912 20.973
2021 2 398.478 41.567 93.5 581.25 35 141.56 891.82 681.89 9.134 27.603
2021 3 309.551 41.567 93.5 581.25 35 56.5 891.82 681.89 6.46 36.822
2021 4 238.329 41.567 93.5 581.25 35 82.78 891.82 681.89 9.194 34.109
2022 1 210.038 32.958 91.75 650.75 54.75 117.52 885.08 786.05 7.511 54.954
2022 2 393.443 32.958 91.75 650.75 54.75 60.4 885.08 786.05 8.955 20.71
2022 3 307.612 32.958 91.75 650.75 54.75 133.41 885.08 786.05 7.98 27.597
2022 4 238.622 32.958 91.75 650.75 54.75 172.78 885.08 786.05 9.596 19.387
2023 1 290.273 40.583 97 669 28.75 62.44 1136.81 365.66 7.24 30.072
2023 2 366.868 40.583 97 669 28.75 80.21 1136.81 365.66 8.413 21.37
2023 3 269.304 40.583 97 669 28.75 75.64  1136.81 365.66 4.204 30.716
2023 4 306.66 40.583 97 669 28.75 84.5 1136.81 365.66 7.005 14.836

44



DRAFT

Year Season F1 F2 Fa4 F5 F6 F7 F8 FO_ F10 F11 F12
2024 1 310.978 40.583 151.5 907.75 87.75 78.02  1494.48 169.79 8.396 13.95
2024 2 492.787 40.583 151.5 907.75 87.75 106.84  1494.48 169.79 15.649 29.604
2024 3 441.405 40.583 151.5 907.75 87.75 67.31 1494.48 169.79 16.048 49.702
2024 4 362.652 40.583 151.5 907.75 87.75 86.34  1494.48 169.79 19.565 34.346
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Table 3. Standardized catch-per-unit-effort (CPUE; in number per 1000 hooks) indices and input standard error (SE) in natural log-

scale (i.e., In(SE)) of CPUE for the 2026 Pacific blue marlin stock assessment. See Table 1 for detailed descriptions of each survey

index.
S1_JPN_EarlyLL S4 TWN_LTLL Early S5 TWN_LTLL Mid  S8_US_LLdeep S9_JPN_LatelL S10_TWN_LTLL Late
Year CPUE SE CPUE SE CPUE SE CPUE SE CPUE SE CPUE SE

1971 0.77 0.22

1972 1.18 0.29

1973 0.79 0.19

1974 1.02 0.27

1975 0.33 0.19 1.11 0.35

1976 0.33 0.19 1.37 0.47

1977 0.25 0.19 0.64 0.21

1978 0.4 0.19 1.13 0.36

1979 0.46 0.2 1.77 0.27

1980 0.47 0.2 1.33 0.21

1981 0.55 0.2 1.43 0.21

1982 0.55 0.2 1.27 0.2

1983 0.44 0.2 1.01 0.17

1984 0.7 0.21 1.16 0.2

1985 0.48 0.2 1.43 0.27

1986 0.49 0.2 0.94 0.18

1987 0.48 0.2 0.8 0.13

1988 0.46 0.2 1.01 0.15

1989 0.48 0.2 0.77 0.14

1990 0.46 0.2 0.97 0.19

1991 0.44 0.2 0.91 0.17

1992 0.45 0.2 0.45 0.12

1993 0.57 0.2 0.74 0.14

1994 1.5 0.24 1.88 0.19
1995 0.72 0.15 0.29 0.35 2.22 0.18
1996 0.66 0.12 0.24 0.3 1.3 0.19
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S1_JPN_EarlyLL S4_TWN_LTLL_Early S5 TWN_LTLL Mid  S8_US_LLdeep S9_JPN_LatelLL S10_TWN_LTLL Late
Year CPUE SE CPUE SE CPUE SE CPUE SE CPUE SE CPUE SE

1997 0.52 0.11 0.23 0.29 1.22 0.19

1998 0.79 0.14 0.18 0.27 1.34 0.19

1999 0.84 0.16 0.17 0.25 1.16 0.21

2000 0.14 0.23 1.21 0.19 0.6 0.08
2001 0.21 0.28 1.11 0.19 0.82 0.15
2002 0.16 0.23 1.14 0.19 0.95 0.27
2003 0.2 0.26 1.11 0.19 0.94 0.14
2004 0.16 0.22 1.23 0.2 1.02 0.14
2005 0.16 0.21 1.25 0.2 1.24 0.15
2006 0.17 0.22 1.1 0.2 0.96 0.14
2007 0.11 0.18 1.07 0.21 0.83 0.14
2008 0.13 0.18 0.88 0.21 0.72 0.14
2009 0.13 0.18 0.95 0.21 0.74 0.09
2010 0.11 0.17 1.25 0.19 0.93 0.13
2011 0.12 0.18 1.02 0.2 0.85 0.12
2012 0.09 0.15 0.93 0.2 1 0.15
2013 0.11 0.16 1.13 0.19 1.15 0.16
2014 0.13 0.17 1.1 0.2 1.05 0.15
2015 0.16 0.19 1.04 0.2 1.16 0.07
2016 0.13 0.16 1.28 0.2 1.21 0.09
2017 0.15 0.17 1.06 0.21 1.15 0.12
2018 0.14 0.17 0.97 0.21 0.98 0.11
2019 0.17 0.19 1 0.21 1.12 0.16
2020 0.13 0.16 0.75 0.21 0.96 0.1
2021 0.11 0.14 0.72 0.22 1.02 0.12
2022 0.12 0.15 0.94 0.22 0.96 0.14
2023 0.1 0.14 0.84 0.22 0.9 0.15
2024 0.16 0.18 1.39 0.22 1.71 0.18
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Table 4. Life history and model specification parameter values for the Pacific blue marlin base
case stock assessment model.

Value
Parameter Reference
Female Male

Growth Age for L; 0.5
Growth Age for L; 27
Length at Amin 134.69 133.28 Chang et al. (2025)
Length at Anmox 267.54 199.52 Chang et al. (2025)
Von Bertalanffy K 0.22 0.12 Chang et al. (2025)
Richard th

¢ a'r . > grow 0.77 4x10* Chang et al. (2025)
coefficient
CV L, 0.08 0.07 Chang et al. (2025)
CV L, 0.09 0.08 Chang et al. (2025)
Weight-length alpha 1.844 x 107 1.37 x 10° Brodziak (2013)
Weight-length beta 2.956 2.975 Brodziak (2013)
Fraction female at 0.5
settlement '

() H .

Length at 50% 179.76 Shimose et al. (2009); Sun et al.
maturity (2009)
Maturity at length 0.2039 Shimose et al. (2009); Sun et al.

slope

Fecundity

Spawning timing

Settlement timing

Virgin recruitment (Ro)

Spawner-recruit
steepness (h)

Sigma R

Model start year

Initial fishing mortality

Proportional to mature female

spawning biomass

July
August

Estimated

0.87

0.4
1971

(2009)

Brodziak et al. (2015)

Estimated for F1_JPN_EarlyLL with input equilibrium catch equal to
average 1968-1972 (8,402 mt annually).
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Table 5. Natural mortality rate at age values and standard deviation for female and male Pacific
blue marlin in the base stock assessment model (Brodziak 2026).

Natural Mortality Rate o
Standard Deviation

at Age
Age Female Male Female Male
0 0.40 0.45 0.13 0.15
1 0.32 0.37 0.11 0.12
2 0.29 0.35 0.10 0.12
3 0.26 0.33 0.09 0.11
4 0.25 0.32 0.08 0.11
5 0.23 0.31 0.08 0.10
6 0.22 0.30 0.07 0.10
7 0.22 0.30 0.07 0.10
8 0.21 0.29 0.07 0.10
9 0.21 0.29 0.07 0.10
10 0.20 0.29 0.07 0.10
11 0.20 0.29 0.07 0.10
12 0.20 0.29 0.07 0.10
13 0.20 0.28 0.07 0.09
14-27  0.19 0.28 0.06 0.09

Table 6. Number of observations (N), mean input standard error (SE) in natural log-space (i.e.,
In(SE)), root-mean-square-errors (RMSE), additional additive In(SE), and total In(SE) for the
relative abundance indices in the Pacific blue marlin base model.

Fleet N Mean Input  RMSE Additional Total In(SE)
In(SE) In(SE)

S1_JPN_LL early 19 0.198 0.156 0.002 0.2

S4 TWN_LTLL_Early 8 0.295 0.281 - 0.295

S5_TWN_LTLL_Mid 21 0.174 0.326 0.176 0.35

S8_US_LLdeep 31 0.204 0.221 0.058 0.262
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S9_JPN_LatelL 31 0.202 0.13 - 0.202

S10_TWN_LTLL_Late 25 0.136 0.181  0.06 0.196

Table 7. Effective sample size (effN) adjustment values applied to size composition data by fleet
in the Pacific blue marlin base model. Size composition data were in weight for
F4_JPN_DRIFT_BAIT and length for all other fleets.

Suggested Scaled to

Francis T.A1.8 maximum Final effN
Fleet name value In(value) 0.2 adjustment values
F1_JPN_EarlyLL 3.807 1.337 0.189 0.189
F2_JPN_LateLL 1.038 0.037 0.005 0.1
FA_JPN_DRIFT_BAIT 1.944 0.665 0.094 0.1
F5_TWN_LTLL 2.463 0.901 0.127 0.127
F10_VAR_PS_Oth 3.294 1.192 0.168 0.168
F11_US_LL 4.126 1.417 0.200 0.2

50



DRAFT

Table 8. Selectivity assumptions by fleet for the Pacific blue marlin base case stock assessment.
The selectivity curves for fisheries lacking size composition data were assumed to be the same
as (i.e., mirrored to) closely related fisheries or fisheries operating in the same area. Survey
fleets (fishery-dependent catch per unit effort indices), which are denoted by S, were mirrored to
the fishing fleets from which the indices were calculated.

Fleet

Selectivity Function

F1_JPN_EarlyLL
F2_JPN_LatelL

FA_JPN_DRIFT_BAIT
F5_TWN_LTLL
F6_TWN_STLL
F7_TWN_Other

F8 IATTC_LL
F9_WCPFC_LL
F10_VAR_PS_Other
F11_US_LL
F12_US_Other

S1 JPN_EarlyLL
S4_TWN_LTLL_Early
S5_TWN_LTLL_Mid
S8 US LLdeep
S9_JPN_LatellL

S10_TWN_LTLL Late

Double-normal

Double-normal; time-varying (blocks 1994—
2003 and 2004-2024).

Double normal
Double-normal

Mirror F5_ TWN_LTLL
Mirror F5_ TWN_LTLL
Mirror F5_ TWN_LTLL
Mirror F5_ TWN_LTLL
Logistic
Double-normal, sex-specific
Mirror F11_US _LL
Mirror F1_JPN_EarlyLL
Mirror F5_ TWN_LTLL
Mirror F5_ TWN_LTLL
Mirror F11_US LL
Mirror F2_JPN_LatelL

Mirror F5_ TWN_LTLL
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Table 9. Complete list of sensitivity runs conducted for the 2026 stock assessment of Pacific blue
marlin.

Run name Run number Description

Catch estimates

Model start 1950s (as early as possible); complete catch

base_case_catch_1950 ! estimates for all fleets
base_case_catch_TWNearly 2 TWN_LTLL estimate missing catch from foreign ports.
base case catch misID 3 Adjust catch for discards and species mis-ID - decrease catch
- = - by 10% for all years/fleets
. Adjust catch for discards and species mis-ID - increase catch
base_case_catch_discards 4

Data inputs and error assumptions

by 10% for all years/fleets

base_case_estimateCPUEVar 5 Estimate additional CPUE variance within the model
base_case_eastwestSplit 6 Split TWN and JPN CPUE indices into East and West
base_case_TWNcatchabiltiy 7 Use time block on catchability for S10 starting in 2012
base_case_ TWNweight 8 Use weight composition data for TWN STLL and LTLL
Natural mortality

base_case_lowM 9 Updated Lorenzen NatM vectors -1stddev
base_case_highM 10 Updated Lorenzen NatM vectors +1stddev
base_case_metaanalysis 11 Updated meta-analysis

Stock recruitment steepness

base_case_h065 12 Alternative stock-recruitment steepness, lower h, h =0.65
base_case_h075 13 Alternative stock-recruitment steepness, lower h, h =0.75
base_case_h095 14 Alternative stock-recruitment steepness, higher h, h =0.95
Growth

base_case_75growth 15 25th percentile posteriors from Chang et al. 2025
base_case_25growth 16 75th percentile posteriors from Chang et al. 2025
base_case2021NewGrowth 17 Use biological parameters from the 2021 New Growth model
Maturity

base_case_high_L50 18 Alternative maturity, +10%(base): L50 = 197.7 cm
base_case_low_L50 19 Alternative maturity, -10%(base): L50 = 161.8 cm
Length-Weight

base_case_betahigh 20 Brodziak (2013) meta-analysis B high - increase by 10%
base_case_betalow 21 Brodziak (2013) meta-analysis B low - decrease by 10%
base_case_beta3 22 B=3

Initial conditions

base_case_FreeF 23 Estimate F freely in the model

base_case_LowCatch 24 Set equilibrium catch to 0.5x 1968-1972 average
base_case_HighCatch 25 Set equilibrium catch to 2x 1968-1972 average
base_case_MainRecDevs 26 Start main rec devs in 1990, early rec devs 1981
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Table 10. Relative negative loglikelihoods of abundance index data components in the base
model over a range of fixed levels of virgin recruitment in log-scale (In(Ro)). Likelihoods are
relative to the minimum negative log-likelihood (best-fit) for each respective data component.
Colors indicate relative likelihood (green: low negative log-likelihood, better-fit; red: high
negative log-likelihood, poorer-fit). Maximum likelihood estimate of In(Ro) was 6.98. See Table 1
for a description of the abundance indices.

In(RO) S1 S4 S5 S8 S9 S10
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Table 11. Relative negative log-likelihoods of length composition data components in the base

model over a range of fixed levels of virgin recruitment in log-scale (In(Ro)). Likelihoods are

relative to the minimum negative log-likelihood (best-fit) for each respective data component.

Colors indicate relative likelihood (green: low negative log-likelihood, better-fit; red: high

negative log-likelihood, poorer-fit). Maximum likelihood estimate of In(Ro) was 6.98. See Table 1
for a description of the composition data.

In(RO)

6.58
6.63
6.68
6.73
6.78
6.83
6.88
6.93
6.98
7.03
7.08
7.13
7.18
7.23
7.28
7.33
7.38
7.43
7.48
7.53
7.58
7.63
7.68

F1

3.53

F2

12.65
11.03
8.19
5.01

F5 F10 F11
7.43 5.86 8.12
7.34 4.97 7.73
6.05 4.57 7.57
4.58 4.00 6.57
5.11 3.46 4.98
3.18 3.87 8.93
2.21 3.73 5.22
1.90 3.19 4.66
1.86 2.67 4.22

2.27 3.57
1.69 2.67

1.80
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Table 12. Relative negative log-likelihoods of size frequency data components in the base model
over a range of fixed levels of virgin recruitment in log-scale (In(Ro)). Likelihoods are relative to

the minimum negative log-likelihood (best-fit) for each respective data component. Colors

indicate relative likelihood (green: low negative log-likelihood, better-fit; red: high negative log-

likelihood, poorer-fit). Maximum likelihood estimate of In(Ro) was 6.98. See Table 1Error!
Reference source not found. for a description of the composition data.

In(RO)

6.28
6.38
6.43
6.48
6.53
6.58
6.63
6.68
6.73
6.78
6.83
6.88
6.93
6.98
7.03
7.08
7.13
7.18
7.23
7.28
7.33
7.38
7.43
7.48
7.53
7.58
7.63
7.68

F4
0.01
0.18
0.13
0.16
0.12
0.12
0.02
3.65
0.03
0.01
0.00
0.01
0.02
0.04
0.05
0.06
0.07
0.08
0.09
0.10
0.11
0.12
0.12
0.13
0.13
0.14
0.14
0.15
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Table 13. Time series of mature female spawning stock biomass (SSB, metric ton), total biomass
(age 1 and older, metric ton), age-0 recruitment (thousands of fish), fishing mortality as annual
exploitation of biomass, and instantaneous fishing mortality (age 1-10) for the Pacific blue

marlin base model. SD = standard deviation.

Spawning Stock

Recruitment

Fishing Mortality

as Annual

Exploitation of

Instantaneous

Fishing

Mortality Ages

Biomass (mt) Age 1+ Biomass (mt) (1000 age-0 fish) Biomass 1-10
Year Estimate SD Estimate SD Estimate SD Estimate SD Estimate SD
1971 133084 14276 217857 22752 944 262 0.04 <0.01 0.06 0.01
1972 127466 14126 213388 22817 955 261 0.05 0.01 0.07 0.01
1973 122364 14081 209618 22836 878 229 0.06 0.01 0.08 0.01
1974 118698 14078 204002 22394 647 180 0.06 0.01 0.07 0.01
1975 115685 13943 194799 21460 738 201 0.06 0.01 0.07 0.01
1976 111250 13543 186007 20654 1001 270 0.06 0.01 0.08 0.01
1977 105124 13033 182653 20362 1048 306 0.07 0.01 0.08 0.01
1978 100650 12668 183512 20548 1141 328 0.08 0.01 0.09 0.01
1979 98720 12603 185903 21076 1169 328 0.08 0.01 0.1 o0.01
1980 98269 12797 189428 21703 982 289 0.08 0.01 0.1 o0.01
1981 99132 13152 189689 22158 1102 310 0.09 0.01 0.1 o0.01
1982 99043 13502 189193 22577 1410 360 0.09 0.01 0.11 0.01
1983 98573 13766 194951 23342 1010 293 0.09 0.01 0.09 0.01
1984 100066 14107 197794 23866 962 269 0.1 0.01 0.11 0.01
1985 101777 14525 192528 23677 970 266 0.08 0.01 0.09 0.01
1986 101394 14627 190283 23332 1073 281 0.09 0.01 0.11 0.01
1987 97508 14473 187503 23009 1085 284 0.13 0.02 0.14 0.02
1988 91861 14247 180230 22814 1062 288 0.12 0.01 0.13 0.02
1989 90042 14102 176877 22647 1053 285 0.1 0.01 0.11 0.01
1990 89791 13989 176483 22378 1005 277 0.09 0.01 0.1 o0.01
1991 90047 13847 177216 22076 1293 335 0.1 0.01 0.1 o0.01
1992 89290 13636 181646 21513 1099 326 0.11 0.01 0.11 0.01
1993 88524 13249 183150 20511 1093 319 0.13 0.01 0.14 0.01
1994 86403 12646 179048 18938 734 225 0.14 0.01 0.12 0.01
1995 82111 11793 168591 17812 814 232 0.16 0.02 0.15 0.02
1996 77332 11115 153212 16665 753 214 0.12 0.01 0.11 0.01
1997 73483 10484 146830 15623 624 178 0.14 0.02 0.13 0.01
1998 67379 9823 135582 14673 614 176 0.15 0.02 0.14 0.01
1999 61372 9250 123318 13847 941 254 0.15 0.02 0.14 0.02
2000 54952 8690 119659 13157 1000 282 0.18 0.02 0.15 0.02
2001 48886 8074 119522 12772 920 274 0.21 0.02 0.18 0.02
2002 44979 7648 115833 12477 1070 285 0.21 0.02 0.18 0.02
2003 42652 7395 116195 12284 1000 243 0.23 0.02 0.2 0.02
2004 41770 7269 114777 12297 806 194 0.21 0.02 0.18 0.02
2005 41845 7301 112571 12258 819 191 0.23 0.02 0.2 0.02
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Fishing Mortality  Instantaneous

as Annual Fishing
Spawning Stock Recruitment Exploitation of Mortality Ages
Biomass (mt) Age 1+ Biomass (mt) (1000 age-0 fish) Biomass 1-10
Year Estimate SD Estimate SD Estimate SD Estimate SD Estimate SD
2006 40789 7329 106563 12085 768 185 0.22 0.02 0.19 0.02
2007 39401 7272 101626 11912 849 197 0.19 0.02 0.17 0.02
2008 38954 7186 101440 11732 886 207 0.19 0.02 0.16 0.02
2009 38894 7063 103128 11661 880 208 0.19 0.02 0.16 0.02
2010 39168 6976 105190 11659 888 211 0.2 0.02 0.17 0.02
2011 39709 6956 105870 11653 925 221 0.19 0.02 0.16 0.02
2012 40517 6954 108568 11647 971 226 0.19 0.02 0.16 0.02
2013 40778 6932 111543 11714 951 224 0.2 0.02 0.16 0.02
2014 40920 6927 113210 11724 936 209 0.21 0.02 0.17 0.02
2015 40672 6926 112730 11750 759 185 0.22 0.02 0.18 0.02
2016 39594 6932 108443 11772 876 187 0.23 0.02 0.19 0.02
2017 38868 6983 104023 11845 777 175 0.2 0.02 0.16 0.02
2018 38946 7036 103193 12003 761 168 0.19 0.02 0.16 0.02
2019 39065 7126 101913 12137 737 171 0.2 0.02 0.17 0.02
2020 39099 7236 99122 12289 673 171 0.17 0.02 0.13 0.02
2021 40365 7370 98388 12461 727 190 0.14 0.02 0.11 0.01
2022 42117 7518 100637 12765 1044 268 0.14 0.02 0.11 0.01
2023 43633 7675 108435 13653 1386 440 0.12 0.02 0.09 0.01
2024 47244 8012 127300 16849 931 379 0.14 0.02 0.11 0.02
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Table 14. Estimated biological reference points derived from the base model for Pacific blue
marlin where F is the fishing mortality rate, expressed as exploitation of biomass or
instantaneous annual F of ages 1-10. SPR is annual spawning potential ratio, SSB is spawning
stock biomass (mature female biomass), SSBy is virgin unfished SSB, and MSY is maximum
sustainable yield.

Reference Point Estimate

F as exploitation(biomass)

Fmsy 0.26
Fao%ssso 0.23
F2003 0.23
F2021-2023 0.13
Average F ages 1-10

Fmsy 0.22
Fao%ssso 0.20
F2003 0.20
F2021-2023 0.11
Spawning Stock Biomass (SSB, mt)
SSBo 192,529
SSBmsy 31,651
20%SSBo 38,506
SSB2003 42,652
SSB2021-2023 42,038
Catch (C, mt)

Cwmisy 24,306
Coo%ssaio] 24,119
C2003 27,073
C2021-2023 13,662
Spawning Potential Ratio (SPR)
SPRmsy 0.196
SPR2o%ssBo 0.230
SPR2003 0.209
SPR2021-2023 0.381

58



DRAFT

Table 15. Projected median values of blue marlin spawning stock biomass (SSB, mt) and catch
(mt) in 2025-2034 for each future catch scenario.

Year 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Scenario 1: Fuigh

SSB 53,390 50,126 47,384 45,292 43,642 42,530 41,649 40,950 40,418 39,970
Catch 28,998 27,390 26,414 25,647 25,233 24,833 24,506 24,263 24,129 24,001
Scenario 2: Fusy

SSB 51,646 46,467 42,614 40,069 38,360 37,143 36,262 35,680 35,140 34,765
Catch 32,992 30,396 28,563 27,326 26,518 25,875 25,437 25,110 24,899 24,705
Scenario 3: Fgecent

SSB 56,574 60,297 62,837 65,475 67,469 69,089 70,349 71,131 71,741 72,218
Catch 16,158 16,873 17,505 18,102 18,566 18,930 19,147 19,293 19,408 19,514
Scenario 4: F3oxser

SSB 54,642 54,136 53,702 53,663 53,502 53,386 53,290 53,090 53,045 53,019
Catch 23,256 23,050 23,009 22,901 22,902 22,874 22,861 22,873 22,863 22,874
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Figure 1. A diagram of the conceptual model developed by the BILLWG for female Pacific blue
marlin. Arrows show general exchange of fish, not directed movement. The red boundary
represents approximate habitat range of Pacific blue marlin.
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represents approximate habitat range of Pacific blue marlin.
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Figure 3. Catch, CPUE index, and size composition data included in the 2026 Pacific blue marlin
stock assessment. The size of the bubble indicates the relative number of observations
available..
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Figure 4. Total annual catch of blue marlin 1971-2024. See Table 1 for descriptions of each
fishing fleet.
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Figure 5. Plot of CPUE index by fleet with a simple LOESS smoother fit to each time series.
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Figure 6. Time series of residuals from the overall LOESS smoother fit to each CPUE index.
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CPUE Pairwise Correlations
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Figure 7. Pairwise scatterplots with blue regression lines (lower left), correlation coefficients (top
right), and the range of observations to illustrate correlations among all CPUE indices (central
diagonal).
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Figure 8. Plot of the correlation matrix for CPUE indices. Blue indicates a positive correlation and

red indicates a negative correlation. The order of the indices and the rectangular boxes are

chosen based on a hierarchical cluster analysis using a set of dissimilarities for the indices being

clustered.
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Figure 9. Length composition data for 5 fleets in the 2026 Pacific blue marlin stock assessment.
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Figure 11. Length as a function of age for female (red) and male (blue) Pacific blue marlin in the
base model following the two-stanza growth model from Chang et al. (2025). Shaded areas are
the 95% distribution of length.
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Figure 12. Weight as a function of length for female (red) and male (blue) Pacific blue marlin in
the base model.
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Figure 13. Pacific blue marlin female proportional maturity as a function of length in the base
model.
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Figure 14. Estimated length-based selectivity of fishing fleets with constant selectivity over time

in the base model.
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Figure 15. Time-varying selectivity at length of F2_JPN_LatelLL. Selectivity was roughly logistic
1994-2003 and dome-shaped 2004-2024. Note F2_JPN_LatelL does not have data before 1994,
hence the apparent selectivity for years 1971-1993 is not applied within the model.
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Figure 16. Estimated annual deviations from the stock-recruit relationship for the base model.
Error bars show the 95% confidence interval.
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Figure 17. Spawning stock biomass (mt) timeseries for 28 jitter runs of the base model.
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Figure 18. Plot of In(RO) against total -loglikelihood for 28 jitter runs (blue circles) of the base

model (In(R0O) = 6.98437; red triangle).

74






DRAFT

F1_JPN_EarlyLL Sum of N adj.=863.3 F10 VAR PS Oth Sum of N adj.=387.4
- - Sum of N eff.=16057.9 - - - Sum of N eff. =19769.5

0.12 |
0.10 |
0.08 |
0.06 |
0.04 | ) )
0.02 el @+
0.00 |
0.02 |
0.04 -
0.06 |
0.08 |
0.10 |
0.12

0.12 -
0.10 |
0.08 |
0.06 |
0.04 - ) .
0.02 - 4 Q+
0.00 |
0.02 -
0.04 |
0.06 | d
0.08 |
0.10 |
0.12

0.12 -
0.10 -
0.08 |
0.06 |
0.04 |
0.02 | ¥4+
0.00 |
0.02 |
0.04 |
0.06 |
0.08 |
0.10 -
0.12 T T T T T T

50 100 150 200 250 300
Length (cm)

F2 JPN LateLL Sum of N adj.=510.11 F11 US LL Sum of N adj.=113.3
- - Sum of N eff.=13051.7| - - Sum of N eff.=3644.9|

Proportion

F5 TWN LTLL Sum of N adj.=508| T T T T T T
- - Sum of N eff.=19155.1 50 100 150 200 250 300

Figure 20. Aggregated length (cm) composition input data (gray) and base model fits, which are
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for combined sex for all other fleets (green lines).
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Figure 21. Aggregated weight (kg) composition input data (gray) and base model fits (green
lines) for F4_JPN_DRIFT_BAIT.
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Figure 23. Continued.
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