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ABSTRACT

We present the benchmark stock assessment for the Western and Central North Pacific Ocean
striped marlin (Kajikia audax) stock conducted in 2019 by the ISC Billfish Working Group
(BILLWG). The 2019 assessment consisted of applying a Stock Synthesis model with the best-
available catch, abundance index, and length composition data for 1975-2017. The results
indicated that biomass (age 1 and older) for the Western and Central North Pacific striped marlin
stock decreased from 17,000 metric tons in 1975 to 6,000 metric tons in 2017. Estimated fishing
mortality averaged F=0.97 during 1975-1994 with a range of 0.60 to 1.59, peaked at F=1.71
year? in 2001, and declined sharply to F=0.64 year™ in the most recent years (2015-2017).
Fishing mortality has fluctuated around Fmsy since 2013. Compared to MSY -based reference
points, the current spawning biomass (average for 2015-2017) was 76% below SSBmsy and the
current fishing mortality (average for ages 3 — 12 in 2015-2017) was 7% above Fmsy. The base
case model indicated that under current conditions the Western and Central North Pacific striped
marlin stock was overfished and was subject to overfishing relative to MSY-based reference
points.
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EXECUTIVE SUMMARY: WESTERN AND CENTRAL NORTH PACIFIC OCEAN
STRIPED MARLIN STOCK ASSESSMENT

Stock Identification and Distribution

The Western and Central North Pacific Ocean (WCNPO) striped marlin (Kajikia audax) stock
area consisted of waters of the North Pacific Ocean contained in the Western and Central Pacific
Fisheries Commission management area bounded by the equator and 150°W. All available
fishery data from this area were used for the stock assessment. For the purpose of modeling
observations of CPUE and size composition data, it was assumed that there was an instantaneous
mixing of fish throughout the stock area on a quarterly basis.

Catches

North Pacific striped marlin catches were high from the 1970’s to the 1990’s, and has decreased
to the present. The catch by Japanese fleets has decreased and catch from the US and Chinese
Taipei has varied without trend, while the catch by other Western and Central Pacific Fisheries
Commission (WCPFC) countries has increased (Figure S1). Overall, longline gear has accounted
for the vast majority of Western and Central North Pacific striped marlin catches since the
1990’s and the driftnet catch dominated from 1975 to 1993.

Data and Assessment

Catch and size composition data were collected from ISC countries (Japan, Chinese Taipei, and
USA) and the WCPFC. Standardized catch-per-unit effort data used to measure trends in relative
abundance were provided by Japan, USA, and Chinese Taipei. The Western and Central North
Pacific striped marlin stock was assessed using an age- and length-structured assessment Stock
Synthesis model fit to time series of standardized CPUE and size composition data. The value for
stock-recruitment steepness used for the base case model was h = 0.87. The assessment model
was fit to relative abundance indices and size composition 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. Several
sensitivity analyses were conducted to evaluate the effects of changes in model parameters,
including the natural mortality rate, the stock-recruitment steepness, the growth curve
parameters, and the female age at 50% maturity, as well as uncertainty in the input data and
model structure.

Status of Stock

Estimates of population biomass of the WCNPO striped marlin stock (Kajikia audax) fluctuated
without trend between 1975 and 1993. The population deceased substantially in 1994 and
fluctuated without trend until the present year. Population biomass (age-1 and older) averaged
roughly 17,969 t, or 54% below unfished biomass during 1975-1993 and declined to 4,508 t, or
89% below unfished biomass in 2008. The minimum spawning stock biomass is estimated to be
618 t in 2011 (76% below SSBwmsy, the spawning stock biomass to produce MSY, Figure S2a). In
2017, SSB =981 mt and SSB/SSBwmsy = 0.38. Fishing mortality on the stock (average F on ages
3-12) is currently around Fumsy (Figure S2b). It averaged roughly F = 0.64 during 2015-2017, or
7% above Fusy and in 2017, F=0.80 with a relative fishing mortality of F/Fmsy = 1.33. Fishing
mortality has been above Fumsy in every year except 1984, 1992, and 2016. The predicted value
of the spawning potential ratio (SPR, the predicted spawning output at current F as a fraction of
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unfished spawning output) is currently SPRzo1s-2017 = 17% and is approximately equal to the SPR
required to produce MSY. Recruitment averaged about 263,000 age-0 recruits during 1994-2016,
which was 34% below the 1975-2016 average. No target or limit reference points have been
established for the WCNPO striped marlin stock under the auspices of the WCPFC. Despite the
relative large Lso/Lins ratio for WCNPO striped marlin, the stock is expected to be highly
productive due to its rapid growth and high resilience to reductions in spawning potential. Recent
recruitments have been lower than expected and have been below the long-term trend since
2005. Although fishing mortality has decreased since 2000, due to the prolonged low recruitment
and landings of juvenile fish, the biomass of the stock has remained below MSY. When the
status of striped marlin is evaluated relative to MSY-based reference points, the 2017 spawning
stock biomass of 981 mt is 62% below SSBwmsy (2,604 t) and the 2015-2017 fishing mortality
exceeds Fmsy by 7%. Therefore, relative to MSY-based reference points, overfishing is
occurring and the WCNPO striped marlin stock is overfished (Figure S3).

Table S1. Reported catch (mt) used in the stock assessment along with annual estimates of
population biomass (age-1 and older, mt), female spawning biomass (mt), relative female
spawning biomass (SSB/SSBwsy), recruitment (thousands of age-0 fish), fishing mortality (average
F, ages-3 — 12), relative fishing mortality (F/Fmsy), and spawning potential ratio of Western and
Central North Pacific striped marlin.

Year 2011 2012 2013 2014 2015 2016 2017 Mean! Min! Max!
Reported Catch 2,690 2,757 2,534 1,879 2,072 1,892 2,487 5,643 1,879 10,862
Population Biomass 5,874 6,057 4,937 6,241 5,745 5,832 6,196 12,153 4,509 22,303
Spawning Biomass 618 809 743 864 1,073 1,185 981 1,765 618 3,999
Relative Spawning  0.24 0.31 0.29 0.33 0.41 0.46 0.38 0.68 0.24 154
Biomass

Recruitment (age 0) 196,590 87,956 330550 77,274 185438 195069 354,391 396,218 77,274 1,049,460
Fishing Mortality 111 1.06 0.86 0.63 0.62 0.51 0.80 1.06 0.51 171
Relative Fishing Mortality =~ 1.85 1.76 1.42 1.05 1.03 0.85 1.33 1.76 0.85 2.85
Spawning Potential Ratio 9% 11% 11% 16% 17% 20% 14% 12% 20% 6%

1 During 1975-2017

Biological Reference Points

Biological reference points were computed for the base case model with Stock Synthesis (Table
S2). The point estimate of maximum sustainable yield was MSY = 4,947 mt. The point estimate
of the spawning biomass to produce MSY (adult female biomass) was SSBmsy = 2,604 mt. The
point estimate of Fusy, the fishing mortality rate to produce MSY (average fishing mortality on
ages 3 —12) was Fmsy = 0.60 and the corresponding equilibrium value of spawning potential
ratio at MSY was SPRusy = 18%.

Projections

Stock projections for WCNPO striped marlin were conducted using the age-structured projection
model software AGEPRO. Stochastic projections were conducted using results from the base
case model to evaluate the probable impacts of alternative fishing intensities or constant catch
quotas on future spawning stock biomass and yield for striped marlin in the Western and Central
North Pacific Ocean. For fishing mortality projections, a standard set of F-based projections
were conducted. For catch quota projections, the set of rebuilding projection analyses requested
by the 14" Regular Session of the WCPFC Northern Committee were conducted. Two future

Vv
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recruitment scenarios were evaluated: (1) a short-term recruitment scenario based on resampling
the empirical cumulative distribution function of recruitment observed during 2012-2016 and (2)
a long-term recruitment scenario based on resampling the empirical cumulative distribution
function of recruitment observed during 1975-2016. The short-term recruitment scenario had an
average recruitment of 134,020 age-1 fish and the long-term recruitment mean was 306,989 age-
1 fish. The stochastic projections employed model estimates of the multi-fleet, multi-season,
size- and age-selectivity, and structural complexity in the assessment model to produce
consistent results. Fishing mortality-based projections started in 2018 and continued through
2037 under 5 levels of fishing mortality and the two recruitment scenarios. The five fishing
mortality stock projection scenarios were: (1) F status quo (average F during 2015-2017), (2)
Fumsy, (3) F at 0.2:SSBr-=0), (4) Fignh at the highest 3-year average during 1975-2017, and (5) Frow
at Fo.30%. For the F-based scenarios, fishing mortality in 2018-2019 was set to be F status quo
(0.64) and fishing mortality during 2020-2037 was set to the projected level of F. Catch-based
projections also ran from 2018 to 2037 and included 7 levels of constant catch for the long-term
recruitment scenario and 10 levels of catch for the short-term recruitment scenario. For the catch-
based scenarios, catch biomass in 2018-2019 was set to be the status quo catch during 2015-2017
(2150.6 mt) and annual catches during 2020-2037 were set to the projected catch quota. The ten
constant catch stock projection scenarios were: (1) Quota based upon CMM10-01, (2) 90% of
the quota, (3) 80% of the quota, (4) 70% of the quota, (5) 60% of the quota, (6) 50% of the
quota, (7) 40% of the quota, (8) 30% of the quota, (9) 20% of the quota, and (10) 10% of the
quota. Results show the projected female spawning stock biomasses and the catch biomasses
under each of the scenarios (Table S3 and Figure S4).

Conservation Advice

The WCNPO striped marlin stock has produced annual yields of around 2,173 mt per year since
2012, or about 40% of the MSY catch amount. Striped marlin stock status shows evidence of
substantial depletion of spawning potential (SSBcurrent is 62% below SSBwmsy), however fishing
mortality has fluctuated around Fumsy in the last 4 years. It was also noted that retrospective
analyses show that the assessment model appears to underestimate spawning potential in recent
years.

Special Comments

WG achieved a base-case model using best available data and biological information. However,
the WG recognized has uncertainty in input catch data including drift gillnet and initial catch
amounts, life history parameters including maturation and growth, and stock structure. The WG
considered an extensive suite of model formulations and associated diagnostics for developing
the base-case assessment model. Overall, we found issues with the base case model diagnostics
and sensitivity runs that indicated some data conflicts exist (see Assessment Challenges and
Sensitivity Analyses). To improve the stock assessment, the WG also recommends continuing
model development work to reduce data conflicts and modeling uncertainties, and reevaluating
and improving input assessment data. When developing a CMM to rebuild the resource, the WG
recommends that these issues be recognized and carefully considered.

Vi
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Table S2. Estimates of biological reference points along with estimates of fishing mortality (F),
spawning stock biomass (SSB), recent average yield (C), and spawning potential ratio (SPR) of
Western and Central North Pacific striped marlin, derived from the base case model assessment
model, where “MSY” indicates reference points based on maximum sustainable yield.

Reference Point Estimate
Fumsy (age 3-12) 0.60
Foo17 (age 3-12) 0.80
F200ssB(F=0) 0.47
SSBmsy 2,604 mt
SSB2017 981 mt
SSB20%(F=0) 3,610 mt
MSY 4,946 mt
C2015-2017 2,151 mt
SPRwmsy 18%
SPR2017 14%
SPR20%ssB(F=0) 23%

vii
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Table S3. Projected median values of Western and Central North Pacific striped marlin spawning
stock biomass (SSB, mt), catch (mt), and probability of reaching 20%SSBr=o under five constant
fishing mortality rate (F) and ten constant catch scenarios during 2018-2037. For scenarios which
have a 60% probability of reaching the target of 20%SSBr=o, the year in which this occurs is
provided; NA indicates projections that did not meet this criterion. Note that 20%SSBr=o is 3610

mt and SSBwmsy is 2604 mt.

Year when target

Year 2018 2019 2020 2021 2022 2027 2037 achieved with
60% probability

Scenario 1: Fstatus quo; LOng-Term Recruitment

SSB 1931.3 26053 3591 4288.3 4639.4 48934  4884.4

Catch 2229.8 3089.8 3911.6  4412.8 46449 4797.2 4790.9

Probability of reaching 0% 4% 44% 70% 79% 84% 84% 2021

20% SSB

Scenario 2: Fstatus quo; Short-Term Recruitment

SSB 1932.4  2556.5 3080 2786.9 24223 20714 2072.1

Catch 22246 2827 28717 25359 2260.7 2029.6 20304

gggzasf’s”gy ofreaching g 494 2% % 2% <0.5%  <0.5% NA

Scenario 3: FMSY'; Long-Term Recruitment

SSB 1935.1 2611.8 3650.5 4444 4860.6 5158.9 5203.5

Catch 2228.1 3092.7 3705.2 42416 4498.9 4666.4 47115

gggzagggy ofreaching g0, 495 47% 7%  83%  89%  89% 2021

Scenario 4: FMSY'; Short-Term Recruitment

SSB 19329 2557.7 3126.3 28955 2552.2 2207 2197

Catch 2230.8 2829.6 27246  2450.7 2209.9 1994.1 1984.9

gggzasbs”gy ofreaching g0, 496 2%  12% 4% <0.5%  <0.5% NA

Scenario 5: F 20%SSBe=o; Long-Term Recruitment

SSB 1933.7 2611.9 38134 49437 5631 6358.1 63485

Catch 2227.6 3091.3 2996.4  3588.7 3933.2 4271.7 4266.7

;’(ggzags”gy ofreaching g0, 496 55%  85%  93%  97%  98% 2021

Scenario 6: F 20%6SSBe=o; Short-Term Recruitment

SSB 1934 2560.5 3276.3 32748 3030.2 2697 2690.2

Catch 22249 2828.8 22116 21154 1969.7 1809.1 1804.7

gggzas?s”gy of reaching 0% 4% 29%  28%  17% 6% 7% NA

Scenario 7: Highest F (Average F 1975-1977); Long-Term Recruitment

SSB 1932.8 2611.8 2739.8 2299.1 2102 2028.4 2036.2

Catch 2226.4 30885  7520.7 6557.5 6184.4 6058 6084.1

ggg/fjasbs“gy of reaching g0, 495 9% % 2% 1% 1% NA

Scenario 8: Highest F (Average F 1975-1977); Short-Term Recruitment

SSB 19335 25594 2289.2  1330.7 968.3 858.7 859.2

Catch 22259 2827.6 53629 3399.3 27516 2564.6 25709

viii
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Year when target

Year 2018 2019 2020 2021 2022 2027 2037 achieved with
60% probability

Probability of reaching

20% SSB 0% 3% 2% <0.5% 0% 0% 0% NA

Scenario 9: Low F (Fso%); Long-Term Recruitment

SSB 1933.6 26125 4009.5 5603.2 6742.4 8287.5 8353

Catch 2228.6 30935 21176 26936 3075 3558.2 35778

Probability of reaching

20% SSB 0% 4% 63% 93% 98% >095% >99.5% 2020

Scenario 10: Low F (Fso%); Short-Term Recruitment

SSB 19325 2555.6 3453.8 3788.4 37474 35374 35253

Catch 2228.4 2832 1572.9 1623.8 1589 1515.8 1511.6

;’ggzasf’;'gy ofreaching g0, 495 37%  54%  54%  44%  42% NA

Scenario 11: Quota; Long-Term Recruitment

SSB 1946.7 2823 4141.1 52209 6074.7 81475 8715.3

Catch 2150.6 2150.6  3396.8 3396.7 3396.3 3396.1 3396.8

Probability of reaching

20% SSB <05% 17% 61% 76% 83% 93% 95% 2020

Scenario 12: Quota; Short-Term Recruitment

SSB 1948.8 2737.1 3279.8 25929 1781.9 524.2 436.7

Catch 2150.6 2150.6 3393.7 3377.1 3319.7 2954.7 2903

Probability of reachin

% SSBV g <0.5%  15% 36% 20% % <0.5%  <0.5% NA

Scenario 13: 10% Reduction; Long-Term Recruitment

SSB 19479 2826.1 42253 5467.3 64925 9096.5  9798.7

Catch 2150.6 2150.6 3057.1 3057.1 3056.8 3057.1 3057.1

PropbLOfreaching <oy 1796 63%  B1%  87% 9%  97% 2020

Scenario 14: 10% Reduction; Short-Term Recruitment

SSB 1948.6 2738 3390.9 2886.8 2162.9 763 587

Catch 2150.6 2150.6  3054.6 3052.8 30325 2846.7 2780.1

PPN OfTeaching <05y 1506 40%  26%  12%  <05%  <0.5% NA

Scenario 15: 20% Reduction; Long-Term Recruitment

SSB 1949.9 2829.1 4317.7 5750.4 6954.1 9928.4 10806.2

Catch 2150.6 2150.6 2717.4 27174 27174 2717.4 2717.4

Probability of reaching

20% SSB <0.5% 18% 65% 84% 90% 98% 99% 2020

Scenario 16: 20% Reduction; Short-Term Recruitment

SSB 1949.3 2739.2 34951 3176.4 2570.8 11755  883.3

Catch 2150.6 2150.6 2716.8 27143 2710.8 2648.8 2610.7

PropaIIyoTreaching <oy 159 43% 4% 1% 1% <0.5% NA

Scenario 17: 30% Reduction; Long-Term Recruitment

SSB 1947.6 28245 4381.5 5981.7 7356.2 10856' 11783.5

Catch 2150.6 2150.6 2377.8 2377.8 2377.8 2377.8 2377.8
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Year when target

Year 2018 2019 2020 2021 2022 2027 2037 achieved with
60% probability

Probability of reaching

20% SSB <0.5% 17% 67% 87% 94% 99% >99.5% 2020

Scenario 18: 30% Reduction; Short-Term Recruitment

SSB 19474 2733.8 3594 3479.2 3018.1 1736.6 1383.5

Catch 2150.6 2150.6  2377.8 2377.1 23771 23656  2355.3

Probability of reaching

20% SSB <0.5% 15% 45% 42% 29% 5% 2% NA

Scenario 19: 40% Reduction; Long-Term Recruitment

SSB 10492 28318 44868 62958 78689 ' 128513

Catch 2150.6 2150.6 2038.1 2038.1 2038.1 2038.1 2038.1

Probability of reaching

20% SSB <0.5% 18% 70% 90% 95% >99.5% >99.5% 2020

Scenario 20: 40% Reduction; Short-Term Recruitment

SSB 1949.9 2737.3 3689.5 3756 3445.9 24442 2124.2

Catch 2150.6 2150.6  2038.1 2038.1 20379 20376 2036.4

Probability of reachin

DO SSBV g <0.5% 15% 48%  49%  41% 16% 10% NA

Scenario 21: 50% Reduction; Long-Term Recruitment

SSB 19504 2829.7 45489 6512.1 8259.1 12654 13799.3

Catch 2150.6 2150.6  1698.4 16984 16984  1698.4  1698.4

Probability of reaching

20% SSB <05% 17% 71% 92% 97% >095% >99.5% 2020

Scenario 22: 50% Reduction; Short-Term Recruitment

SSB 1949.1 2737.4 37914  4065.7 3916.3 3214.4 3021.3

Catch 2150.6 21506  1698.4 1698.4 16984 16984  1698.4

zggzasbs"gy ofreaching 550, 150  51%  57%  53%  35%  29% NA

Scenario 23: 60% Reduction; Long-Term Recruitment

SSB 10499 28291 46313 67981 87411 ;3605' 14857.1

Catch 2150.6 2150.6 1358.7 1358.7 1358.7 1358.7 1358.7

;’(ggzags"gy ofreaching  _ns0, 180  73%  94%  98%  >99.5%  >99.5% 2020

Scenario 24: 60% Reduction; Short-Term Recruitment

SSB 19486 27377 3888.1 4364.3 43966 41101 39705

Catch 2150.6 2150.6 1358.7 1358.7 1358.7 1358.7 1358.7

Prop N Ofreaching <oy 1506 53%  65%  67%  63%  59% 2021*

Scenario 25: 70% Reduction; Short-Term Recruitment

SSB 1948.7 2736.4 3979.8  4667.7 4886 4960.9 4977

Catch 2150.6 2150.6 1019 1019 1019 1019 1019

gggzasbs"gy ofreaching 50, 1505  56%  72%  78%  85%  86% 2021

Scenario 26: 80% Reduction; Short-Term Recruitment

SSB 1948.7 2736.2 4071.1 49713 5380.3 5909.1 5977.5

Catch 2150.6 2150.6 679.4 679.4 679.4 679.4 679.4
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Year 2018 2019 2020 2021 2022 2027 2037

Year when target
achieved with
60% probability

Probability of reaching g 500 150, 585  79%  88% = 97%  97%

20% SSB

Scenario 27: 90% Reduction; Short-Term Recruitment

SSB 1950.6 27405 41703 5284.1 5881.7 6836.7 7009.4
Catch 2150.6 21506  339.7 339.7 339.7 339.7 339.7
Probability of reaching <0.5% 15% 61% 85% 94% >99.5%  >99.5%
20% SSB

2021

2020

* This scenario has a 60% probability of being at or above 20%SSBr=o in 2020 but drops slightly

below 60% starting in 2035.

Xi



FINAL

9000 1

Catch (mt)
3
8

3000+

1980 1990 2000 2010
Year

Figure S1. Annual catch biomass (mt) of Western and Central North Pacific striped marlin
(Kajikia audax) by country for Japan, Chinese Taipei, the U.S.A., and all other countries during
1975-2017.
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Figure S2. Time series of estimates of (a) population biomass (age 1+), (b) spawning biomass,
(c) recruitment (age-0 fish), and (d) instantaneous fishing mortality (average for age 3-12, year™)
for Western and Central North Pacific striped marlin (Kajikia audax) derived from the 2019
stock assessment. The circles represent the maximum likelihood estimates by year for each
quantity and the error bars represent the uncertainty of the estimates (95% confidence intervals),
green dashed lines indicate SSBmsy and Fusy.

xii



FINAL

-+ 1975
-0 2004
7o) -~ 2017
o~ O 50%C.l
O 80%C.l
B 95%C.l
Q
(]
n W0
= ~—
L
S
L
Q
w_|
o
(]
o | | |
0.0 05 1.0 15 20 2.

SSB/SSBysy

Figure S3. Kobe plot of the time series of estimates of relative fishing mortality (average of age
3-12) and relative spawning stock biomass of Western and Central North Pacific striped marlin
(Kajikia audax) during 1975-2017. The white square denotes the first (1975) year of the
assessment, the white circle denotes 2004, and the white triangle denotes the last (2017) year of
the assessment.
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Figure S4. Historical and projected trajectories of spawning biomass and total catch from the
Western and Central North Pacific striped marlin base case model based upon F and constant
catch scenarios: (a) F scenarios projected spawning biomass; (b) F scenarios projected catch; (c)
constant catch scenarios projected spawning biomass; and (d) constant catch scenarios projected
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projection scenarios can be found in Table S3.
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1. INTRODUCTION

The Billfish Working Group (BILLWG) of the International Scientific Committee for Tuna and
Tuna-like Species in the North Pacific Ocean (ISC) completed a benchmark stock assessment for
striped marlin (Kajikia audax) in the Western and Central Pacific Ocean (WCNPO) in 2011
(ISC, 2012) and updated the assessment in 2015 (ISC, 2015). The ISC BILLWG proposed to run
a benchmark assessment on western and central North Pacific (WCNPO) striped marlin in 2019.
The status of the WCNPO striped marlin stock was overfished and overfishing was occurring
relative to MSY-based reference points in the 2015 updated assessment using a Stock Synthesis
(SS) assessment model. The ISC BILLWG data preparatory meeting was held in January 2019 to
evaluate new stock structure, life history, catch, length composition, and CPUE data and
strategize for the assessment (ISC, 2019).

This report describes the 2019 stock assessment for the WCNPO striped marlin stock. The best
available scientific information including the up-to-date catch, catch-per-unit-effort (CPUE), and
composition data from 1975-2017 were provided by individual ISC countries, the Western and
Central Pacific Fisheries Commission (WCPFC), and the Inter-American Tropical Tuna
Commission (IATTC). The 2019 assessment was an integrated age-structured assessment model
with a quarterly time step using the modeling platform Stock Synthesis (SS) version 3.30.08
(Methot and Wetzel 2013).

2. MATERIALS AND METHODS
2.1. Spatial and Temporal Stratification

The geographic area encompassed in the assessment for striped marlin was the Western and
Central North Pacific Ocean bounded by the equator and the Western and Central Pacific
Fisheries Commission management boundary at 150°W. The eastern stock boundary was
changed from 140°W used in the 2015 assessment after review of the available information on
striped marlin stock structure. Lacking conclusive evidence of a clearly defined stock boundary,
the management unit with an eastern boundary of 150°W longitude was used as the definition of
the stock for this assessment. Over 90% of the catch was accounted for using the 150°W
boundary compared to the 140°W boundary. Three types of data were used: fishery-specific
catches, relative abundance indices, and length measurements. The fishery data were compiled
for 1975-2017, noting that the catch data and length composition data were compiled and
modeled on a quarterly basis. Several CPUE indices were also modeled as a quarterly index from
the Japanese longline fleet. Available data, sources of data, and temporal coverage of the datasets
used in the updated stock assessment are summarized in Figure 1. Further details are presented
below.

2.2. Definition of Fisheries

A total of 23 fisheries that caught striped marlin were defined on the basis of country, gear type,
location, and time period, where each fishery was assumed to target a distinct component of the
stock. These fisheries included fourteen longline fisheries from Japan. Thirteen of these fleets are
the results of the flexmix model applied to the Japanese offshore and distant-water longline data,
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which divided the data into areas and quarters based upon mean weight and CPUE. Nine quarter-
area combinations were identified and two of these, Japan quarter 1 area 1 and quarter 3 area 1
were divided into the early and late periods. An additional longline fleet (JPNLL_Others)
accounted for any other striped marlin longline catches. Three additional fleets from Japan
included the driftnet catches in two fleets divided by quarter: quarters one and four and quarters
two and three (JPNDF_Q14 and JPNDF_Q23) and a fleet to encompass all other Japanese
striped marlin catches (JPN_Others). There were also three fleets from Chinese Taipei: one for
their distant water longline fleet (TWN_DWLL), one for their small-scale tuna longline fleet
(TWN_STLL) and one other fleet for any additional catches (TWN_Others). There were two
fleets from the United States: a single fleet for the Hawaii-based longline fleet (US_LL) and one
other fleet (US_Others) which included handline and troll catches. Finally, there was one fleet
for the various flags contained in the WCPFC management region not otherwise accounted for
(WCPFC_Others). Descriptions and data sources to characterize the twenty-three fisheries that
catch WCNPO striped marlin are also summarized in Table 1.

2.3. Catch

Catch was input into the model on a quarterly basis (i.e., by calendar year and quarter) from 1975
to 2017 for the 23 individual fisheries. Catch was reported in terms of catch biomass (mt) for all
fisheries, with the exception of the Japanese offshore and distant water longline fleets (JPNLL
F1-13) for which catch was reported as numbers of fish caught.

Three countries (i.e., Japan, Chinese Taipei, and the USA) provided national catch data (Hirotaka
ljima, NRIFSF, personal communication; Yi-Jay Chang, NTU, personal communication; Ito
2019). Striped marlin catches for all other fishing countries were collected from WCPFC
category | and Il data (Peter Williams, SPC, personal communication).

The resulting best available data on striped marlin catches by fishery from 1975-2017 were
tabulated and are shown in Figure 2 and Table 2. The historical maximum and minimum annual
striped marlin catches were 10,862 metric tons in 1976 and 1,879 metric tons in 2014,
respectively. From 1975 to 1993, the Japanese driftnet fishery harvested approximately half of
the total annual catch. However, it is possible that these catches have large uncertainty and
sensitivity runs to evaluate how future adjustments to these reported catches were explored in
this assessment. Overall, annual catches of WCNPO striped marlin have generally declined since
1975. The annual catch of striped marlin in the WCNPO averaged about 2,151 metric tons in the
period since the last assessment (2015-2017).

2.4. Abundance Indices

Relative abundance indices for WCNPO striped marlin based on standardized CPUE were
prepared for this assessment and are shown in Figure 3 and Tables 3 and 4. A finite mixture
model analysis was used to identify nine different area-quarter combinations based upon the
weight and CPUE of striped marlin caught in the Japanese offshore and distant water longline
fleets. Japanese CPUE data were standardized in two area-quarters (area one quarter one and
area one quarter 3) as well as pre- and post-1993 when Japanese logbook reporting requirements
were changed (ljima and Kanaiwa, 2019a; ljima and Kanaiwa, 2019b).
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Operational fishing data collected in the Hawaiian longline fishery by fishery observers in 1995-
2017 were used for CPUE standardization of US longline fleets (Sculley, 2019). The fishery
operates in two sectors; a shallow-set sector targeting swordfish and a deep-set sector targeting
tunas. Striped marlin is caught as bycatch in both sectors. These data were standardized into a
single CPUE time series including factors that accounted for much of the variability between
sectors.

Two CPUE standardizations were put forward from Taiwanese fisheries. The distant-water
longline fleet was standardized from 1995-2017 (Chang et al., 2019). A new index was presented
by Chinese Taipei from the small-scale tuna fishery from 2008-2017 (Chang et al., 2019).

Visual inspection of all indices showed an overall decreasing trend with the last 5-10 years
showing a relatively flat trend. Both of the early Japanese LL indices are increasing through
1993 and the Chinese Taipei small-scale tuna index has a peak around 2012 (Figure 3).

Correlations among CPUE indices were analyzed in the 2019 assessment using the diags
component of the FLCore package (Version 2.6.6, Kell et al. 2007) in R (version 3.4.0, R Core
Team, 2018). These packages provide a standardized method to plot and summarize CPUE data
so that modelers can better evaluate their input data into assessment models. Each CPUE index
was fit using a Loess smoother with only year as an explanatory variable using the default phase
and number of nodes in the R package gam (Hastie, 2018), and the residuals from that smoother
were examined graphically. Patterns in correlations among CPUE indices for the assessment
were generally positive. Based on the graphical inspection of relative CPUESs and the correlation
analysis, the data supported the use of all the CPUE indices in the base case model. However, S1
(JPNLL Q1A1 Late), S5 (TWN STLL) and S6 (JPNLL Q1A1 Early) were ultimately excluded
from the model likelihood due to conflicts in the indices identified when profiling the likelihood
based upon Ro.

2.5. Size Composition Data

Quarterly fish length composition data from 1975-2016 for seventeen fisheries were available
for the assessment; nine were ultimately used, and are summarized in Table 3. Length
composition data for the Japanese fleets F3 and F7-F11 were not included because it accounted
for <0.5% of the total catch in the fishery. Length composition data for fleet F1, F6, and F12
were not included in the likelihood because they had a conflicting trend in the profile of log(Ro)
compared to the other length composition data and CPUE indices or the data were determined to
be too sparse to be informative.

Length frequency data were compiled using 5-cm length bins from 50 to 230 cm. The lower
boundary of each bin was used to define each bin for all composition data, and each observation
consisted of the actual number of striped marlin measured. The new composition data were
agreed upon at the BILLWG data workshop as the best available scientific information for the
2019 stock assessment.
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Figure 4 shows the quarterly length compositions. Most of the fisheries caught small (<150cm)
individuals. The longline fleets caught fish with a mean of 150 cm EFL while the driftnet fleets
caught slightly larger fish, mean 157 cm EFL. The US longline fleet (US_LL) caught smaller
fish on average than any of the other fleets (mean size 136cm EFL).

The aggregate length composition distributions were relatively consistent between fleets, with
the exception of the US Longline fleet (Figure 5). Most longline size distributions had a single
mode around 150-160cm. The US longline fleet was bimodal with peaks around 110cm and
140cm EFL.

2.6. Model Description

The assessment was conducted with Stock Synthesis (SS) version 3.30.08.03-SAFE released
09/29/2017 using Otter Research ADMB 11.6 (Methot and Wetzel 2013). The WCNPO model
was set up as a single area model with a single sex and four seasons (quarters). Spawning was
assumed to occur in quarter two while recruitment was assumed to occur in July (month 7). Age
at recruitment was calculated based upon the model estimated average selectivity at age based
upon the quarterly selectivity at length. The maximum age of striped marlin was set to 15 years.
Age-specific natural mortality was used (Table 5) as agreed upon in the BILLWG data
preparatory meeting (ISC, 2019). In addition, the CV of the growth curve was set to 0.3, and the
sex ratio at birth was assumed to be 1:1. The model used a Beverton-Holt spawner-recruit
relationship with steepness (h) fixed at 0.87 and sigmaR (o) fixed at 0.6.

2.7. Data Observation Models

The assessment model fit three data components: 1) total catch; 2) relative abundance indices;
and 3) composition data. The observed total catches were assumed to be unbiased and relatively
precise, and were fitted assuming a lognormal error distribution with standard error (SE) of 0.05.
The relative abundance indices were assumed to have log-normally distributed errors with SE in
log-space (log(SE)) which was log(SE)=sqrt(log(1+CV?)), where CV is the standard error of the
observation divided by the mean value of the observation and sqrt is the square root function.

Annual CPUEs (S3-5) were assigned to quarter one. Japanese longline fleets (S1, S2, S6 and S7)
were quarterly indices representing quarters one and three. Of these, fleets S1, S5, and S6 were
excluded from the base-case model. These three CPUE indices were excluded from the base-case
model because they were shown to be in conflict with the other input data based upon the RO
likelihood profile. The CPUE indices were assumed to be linearly proportional to biomass where
catchability (g) was assumed to be constant and occur in the first month of the quarter assigned.

The CVs for each CPUE index were assumed to be equal to their respective calculated SEs on
the log scale (Table 6). The minimum CV was scaled to a minimum of 0.2 and then reweighted
based upon the Francis method using the root-mean-square error (RMSE, i.e., square root of the
residual variance, Francis 2011).

The composition data were assumed to have multinomial error distributions with the error
variances determined by the effective sample sizes. Measurements of fish are usually not random
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samples from the entire population. Rather, they tend to be highly correlated within a set or trip
(Pennington et al., 2002). The effective sample size is usually substantially lower than the actual
number of fish measured because the variance within each set or trip is substantially lower than
the variance within a population. The effective sample size for Japanese DWLL fleets were
given effective sample sizes calculated by Japan. All other fleets had effective sample sizes equal
to 1/10 of the total number of samples in each quarter, in alignment with previous assessments
(ISC 2015). In addition, quarters with fewer than 15 total samples were removed from the time
series due to limited sample size and the maximum number of samples was set to 50, as agreed
upon by the modeling sub-group.

2.8. Estimation of Fishery Selectivity

Selectivity was estimated as a double-normal curve for all fleets, except for F13 and F14, the
Japan drift gillnet fisheries, and were assumed as asymptotic lognormal (Figure 6). All other
fleets were mirrored to the fleet that was believed to have the most similar selectivity pattern
(Table 7).

2.9. Data Weighting

Index data were prioritized in this assessment based on the principles that relative abundance
indices should be fitted well because abundance indices are a direct measure of population trends
and scale, and that other data components such as composition data should not induce poor fits to
the abundance indices (Francis, 2011).

It is common practice to re-weight some or all data sets in two stages (Francis, 2011). However,
because the model was sensitive to reweighting of the length composition and CPUE data, input
sample sizes were not iteratively re-weighted in stage 2.

2.10. Model 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. (2017) determined that there was no single diagnostic that worked well in all of
the cases they evaluated. Instead, they recommend the use of a carefully selected range of
diagnostics that proved to increase the ability to detect model misspecification.

Key stock assessments diagnostics identified by Carvalho et al. (2017) were implemented to
evaluate the base case model.

Retrospective analysis

Retrospective analysis is a way to detect bias and model misspecification (Hurtado-Ferro et al.
2014). A retrospective analysis was applied to the base-case model results. The diagnostic was
implemented here by sequentially eliminating the five most recent years of data from the full
stock assessment base case model (a 5 year “peel”) and then re-estimating all stock assessment
model parameters from each peel and from the full model.



FINAL

RO likelihood profile
An RO likelihood component profile (Lee et al. 2014) was applied to the base-case model results.

The diagnostic was implemented here by sequentially fixing the equilibrium recruitment
parameter, Ro, on the natural log scale, log(Ro), to a range of values. The relative change in
negative log-likelihood units over the range of fixed values for log(Ro) (the Ro profile) was
compared among the Stock Synthesis model likelihood components for CPUE, length-
composition, and recruitment deviations using two diagnostic tests. 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 Ro profile among data sources was diagnostic of
either conflict in the data or model misspecification (or both).

Age-structured production model

An age-structured production model (ASPM; Maunder and Piner 2015; Carvalho et al. 2017)
was applied to the base-case model results.

The diagnostic was implemented here by fixing selectivity to its estimated values in the fully
integrated stock assessment 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) suggest 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) suggest 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-case model is incorrect; or (iv) the indices of relative
abundance are not proportional to abundance.

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.
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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.

2.11. Stock Projections

Stock projections for WCNPO striped marlin were conducted using the age-structured projection
model software AGEPRO (Brodziak et al. 1998). Stochastic projections were conducted using
results from the base-case model to evaluate the probable impacts of alternative fishing
intensities or constant catch quotas on future spawning stock biomass and yield for striped marlin
in the Western and Central North Pacific Ocean. For fishing mortality projections, a standard set
of F-based were conducted (c.f., ISC BILLWG 2018). For catch quota projections, the set of
rebuilding projection analyses requested by the 14" Regular Session of the WCPFC Northern
Committee was conducted (NC14 2018). Technical descriptions of the F-based and catch-based
projection analyses are provided below (Table 8).

Initial conditions for the stochastic projections were based on the estimated initial population
size at age in year 2018 from the base case model. A total of 100 bootstrap replicates of the 2018
striped marlin population size at age were calculated in SS3 to characterize the uncertainty in the
initial population size. In each projection, 100 total simulations were run for each bootstrap
replicate to characterize the effects of process errors in future recruitment, life history and fishery
parameters. This gave 10,000 total simulated trajectories to evaluate the central tendency and
variability of population and fishery quantities of interest, such as spawning biomass and catch,
in each projection.

Recruitment for the stochastic projections was based on two hypotheses about future recruitment.
The first hypothesis was that future recruitment would be similar to recent short-term
recruitment. This hypothesis was based on the observation that recruitment estimates had
remained relatively low in recent years and one may not expect this to change in the future. In
particular, the short-term recruitment scenario was based on resampling the empirical cumulative
distribution function of recruitment observed during 2012-2016 (AGEPRO, recruitment sub-
model 14). Under the short-term recruitment scenario, the average recruitment was 134,020 age-
1 fish with a CV of 58%. The second hypothesis was that future recruitment would be similar to
the long-term recruitment pattern. This hypothesis was based on the observation that the average
of the bootstrap distribution of recruitment in 2018 (294,574 age-1 fish with a CV of 44%) was
more than two-fold higher than the recent 5-year average, suggesting that achieving higher
recruitment was a possibility. In particular, the long-term recruitment scenario was based on
resampling the empirical cumulative distribution function of recruitment observed during 1975-
2017 (AGEPRO, recruitment sub-model 14). Under the long-term recruitment scenario, the
average recruitment was 360,989 age-1 fish with a CV of 54%. Thus, the long-term recruitment
scenario would be expected to produce over twice as many recruits as the short-term scenario on
average although both scenarios had similar levels of observed recruitment variability.
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Fishery selectivity for the stochastic projections was based on the estimated selectivities in the
base case model. It was noted that all of the longline and other fleet-specific estimates of fishery
selectivity as a function of age were dome-shaped in the base case model, with the exception of
the Japanese drift gillnet fleet, which had a flat-topped selectivity at age. To characterize the
fishery selectivity of both the dome-shaped and flat-topped selectivity fleets, an aggregate
fishery selectivity was calculated as a weighted average of the two fleet types. In this case, the
catch biomass percentages in 2017 by dome-shaped (95%) and flat-topped (5%) were used to
weight the representative dome-shaped fleet (Japanese longline fleet in area 1 in quarter 3) and
the representative flat-topped fleet (Japanese gillnet fleet in quarters 2 and 3) fishery selectivities
to produce the fish