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EXECUTIVE SUMMARY

Stock Identification and Distribution
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Data and Assessment
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Quarterly observations of catch aas sEhpet somp
mo d e | to describe the removal processes. Ann
Japanese disshant watercopast fal l ongl i ne, t he Ta
troll fleets were useddasceneasSuthse pbpuheaetiret
model was fitted t o-btahsee di nsptuatt idsattiac aln far d meved ri
estimates of model parameters, derived output ¢
status ealnap tot alekv proj ections.

Since the previous benchmark assessment in 20
revi ewed and i mproved. Bi ol ogi eveeli gdng s u e tait d ms
maturity, natur alr esmcort mahnitt yelanmndomnlsdi pt ovek e r
concluded that no new information was availahb
settings. FIl eet definitions were refined to b
incngadirom 19 fleets in 2016 to 25 in 2020 i
mortality from released PBF. -tMatadl tmparbaemdtear id:
popul ati on dynami cs, resul ting I ntidnlgp telse s en
i mprovements and refinements, the PBFWG found
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popul ation dynamics and is the best avail abl e

Stock Status and Conservation Information

The -base model results show that: (1) spawnin
the assessment perd0W8)(;fi(sh)i ntghe eSS B slt9ebadi | y
(3) the slow increase of the stock biomass cor
the historical median widt h( 53 n fii nschfkendgs e@nmia it iaid @ ch
from a level produoi 2O0Pb dwt al % eowfe | SHR o-duci ng
2018 &TIpblBased on the model diagnostics, the
i's consi dendaurgdhb&SB prior to the 19B6sSEB un
in 2018 was esti mat e dS1lt ca nbdeSHBa)rgouumnbddi c2h8 ,i0s0 Oa t3 , (01
from 2016 accecrdiengiotde | t hédnb a sz ryemase! b)f iy unkgs
i n 201ne8 (SHi)gurlea kely resulting from | &8)fi shi
and is expected to accelerate the recovery of

1 SPR (spawning potential ratio) is the ratio of the cumulative spawning biomass that an average
recruit is expected to produce over its lifetime when the stock is fished at the Gahiegtlevelto the
cumulative spawning biomass that could be prodbyeah average recruit over its lifetime if the stock
was unfishedFyspr F that produces % of ttepawning potential rati@.e., 1-%SPR.
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TablleTox al bi omass, spawning stock almidomass,
depl eatoa of Padlihuncn usl yeediti enmia dulnichs @ yet med él s e

19820 18.
Spawning Spawning
Total Stock Recruitment Potential Depletion
Fishing Year Biomass () Biomass (t) (1,000 fish) Ratio Ratio
1952 134,751 103,502 4,857 11.4% 16.4%
1953 136,428 97,941 20,954 12.7% 15.5%
1954 146,741 87,974 34,813 7.8% 13.9%
1955 156,398 75,360 13,442 11.4% 11.9%
1956 175,824 67,700 33,582 16.1% 10.7%
1957 193,597 76,817 11,690 10.7% 12.1%
1958 201,937 100,683 3,195 19.2% 15.9%
1959 209,300 136,430 7,758 23.2% 21.6%
1960 202,121 144,411 7,731 17.4% 22.8%
1961 193,546 156,302 23,339 3.4% 24.7%
1962 176,618 141,277 10,737 10.8% 22.3%
1963 165,892 120,244 28,112 6.8% 19.0%
1964 154,192 105,870 5,696 6.6% 16.7%
1965 142,548 93,222 10,710 3.0% 14.7%
1966 119,683 89,236 8,680 0.1% 14.1%
1967 105,084 83,208 10,897 1.3% 13.2%
1968 91,408 77,466 14,535 1.2% 12.2%
1969 80,523 64,299 6,484 8.5% 10.2%
1970 74,222 53,961 7,027 3.1% 8.5%
1971 66,114 46,839 12,420 1.0% 7.4%
1972 64,114 40,447 23,552 0.3% 6.4%
1973 63,023 35,273 10,968 5.6% 5.6%
1974 64,885 28,502 13,322 6.3% 4.5%
1975 65,074 26,410 11,252 8.0% 4.2%
1976 64,512 29,274 9,253 2.9% 4.6%
1977 74,670 35,105 25,601 3.7% 5.6%
1978 76,601 32,219 14,037 5.6% 5.1%
1979 73,615 27,093 12,650 7.9% 4.3%
1980 72,809 29,657 6,910 5.2% 4.7%
1981 57,482 27,928 13,340 0.3% 4.4%
1982 40,398 24,240 6,512 0.0% 3.8%
1983 33,210 14,456 10,133 6.1% 2.3%
1984 37,464 12,651 9,184 5.1% 2.0%
1985 39,591 12,817 9,676 2.8% 2.0%
1986 34,349 15,147 8,181 1.1% 2.4%
1987 32,008 13,958 6,026 8.1% 2.2%
1988 38,086 14,931 9,304 11.0% 2.4%
1989 41,849 14,839 4,409 14.4% 2.3%
1990 58,122 18,953 18,096 18.2% 3.0%
1991 69,351 25,294 10,392 9.8% 4.0%
1992 76,228 32,252 3,958 14.8% 5.1%
1993 83,624 43,639 4,450 16.4% 6.9%
1994 97,731 50,277 29,314 13.7% 7.9%
1995 94,279 62,784 16,533 4.8% 9.9%
1996 96,463 61,826 17,787 8.9% 9.8%
1997 90,349 56,393 11,259 5.9% 8.9%
1998 95,977 55,888 16,018 4.0% 8.8%
1999 92,232 51,705 22,842 3.7% 8.2%
2000 76,795 48,936 14,383 1.7% 7.7%
2001 78,052 46,408 17,384 9.7% 7.3%
2002 76,110 44,492 13,761 5.7% 7.0%
2003 68,707 43,806 7,110 2.3% 6.9%
2004 66,433 36,701 27,930 1.4% 5.8%
2005 55,778 30,004 15,256 0.6% 4.7%
2006 43,912 24,089 13,660 1.1% 3.8%
2007 43,765 19,061 23,146 0.4% 3.0%
2008 39,646 14,805 21,265 0.8% 2.3%
2009 35,135 11,422 8,002 1.3% 1.8%
2010 38,053 10,837 18,230 2.4% 1.7%
2011 38,901 12,096 12,574 4.9% 1.9%
2012 41,058 14,578 6,845 7.4% 2.3%
2013 49,383 16,703 12,798 4.7% 2.6%
2014 47,864 18,503 3,783 8.9% 2.9%
2015 52,725 21,014 8,778 10.4% 3.3%
2016 62,069 25,009 16,504 10.5% 4.0%
2017 71,228 25,632 6,663 16.5% 4.1%
2018 82,212 28,228 4,658 15.4% 4.5%
Median (1952-2018) 73,615 35,273 11,259 5.9% 5.6%
Average(1952-2018) 86,908 49,388 13,199 7.1% 7.8%
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|l ow recruitment I[|-2014 swersd ionfatceandenr 0ilM0 t he 2z
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(about 17 million fish) i s hS1g haerrd tSHiipgwurfehe h
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uncertain, are below the historical average
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The WCPFC and IATTC adopted an initial rebuilding biomass target (the median SSB estimated
for the periodrom 1952 through 2014) and a second rebuilding biomass target (20%88a&er
average recruitment), without specifying a fishing mortality reference level. The 2020 assessment
estimated the initial rebuilding biomass target (8&Bos220149 t0 be 6.4%SBr=0 and the
corresponding fishing mortality expressed as SPRsafi$pr(Table S-2). The Kobe plot shows

that the point estimate of the SSBwas 4.5%SSBcand the recent (2018018) fishing mortality
corresponds to iespr (Table S-1 and FigureS-7). Although no reference points have been
adopted to evaluate the status of PBF, an evaluation of stock status against some common reference
points (TableS-2) shows that the stock is overfished relative to biorhasgd limit reference
points adopted fortber species in WCPFC (20%SSH and fishing mortality has declined but

not reached the level corresponding to that reference point (20%SPR).

Table S2. Ratios of the estimated fishing mortalities (Fs af8PRs for 20004, 201113,
201618)relative to potential fishing mortalitlgased reference points, and terminal year SSB (t)
for each reference period, and depletion ratios for the terminal year of the reference period for
Pacific bluefin tundThunnus orientalisfrom the base&ase modelFmax Fishing mortality (F)

that maximizes equilibrium yield per recruit (Y/R).4FF at which the slope of the Y/R curve is
10% of the value at its originmkd F corresponding to the inverse of the median of the observed
R/SSB ratio. kwspr F that poduces given % of the unfished spawning potential (biomass)
under equilibrium condition.

Reference (1-SPR)/(1-SPRxx%) Estimated SSB for Depletion rate for
iod terminal year of each  terminal year of each
perio Frnax Fo1 Fmea SPR10% SPR20% SPR30% SPR40% period (ton) period (%)
2002-2004  1.92 2.84 1.14 1.08 121 1.38 1.61 36,701 g 5.80
2011-2013 154 2.26 0.89 1.05 1.18 1.35 1.57 16,703 2.64
2016-2018  1.14 1.65 0.57 0.95 1.07 1.23 1.43 28,228 4.46
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Figure S-8 depicts the historical impacts of the fleets on the PBF stock, showing the estimated
biomass wherishing mortality from the respective fleets is zero. Historically, the WPO coastal
fisheries group has had the greatest impact on the PBF stock, but since about the early 1990s the
WPO purse seine fishery group targeting small fish (agBshas had a gater impact and the

effect of this group in 2018 was greater than any of the other fishery groups. The impact of the
EPO fisheries group was large before the-880s, decreasing significantly thereafter. The WPO
longline fisheries grouas had a limitg effect on the stock throughout the analysis period
because the impact of a fishery on a stock depends on both the number and size of the fish caught
by each fleet; i.e., catching a high number of smaller juvenile fish can have a greater impact on
futurespawning stock biomass than catching the same weight of larger matufelfighr e i s gr e
uncertainty regarding discards than other fis
based on observed dat a.
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Fi guB8&htSr ajectory of the spawning stock bi omas
bl uef iTrh uthninruas Yo rwheennt azleirso f i shing mortal-ity is
case model . (top: absolFisheresgh&oBe f ibmVPtGodo;ng el ate
fisheres F1, F12, F17, fiskReBesf oWP G npaulrls ef issehi:n eF 2, F3,

sheries: F13, F14, fisketies 2 EF 2 2.2 . WHE® Q(isimaesaccocuwnutnet
5. For exact fleet definitions, please see
b

[
I
a
h
ur s efisreesf me | arge fi sh: F4, -1F15,. PMP60O, cFola%.t aHP O
i
2
ebsite.

Sl

Stock Status
The PBF spawning stock biomass (SSB) has gradually increased in the last 8 years. Young
fish (age 02) shows a more rapid increase in recent years. These changes in biomass
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coincide with a decline in fishing mortality over the last decadeBased on these findings, the
following information on the status of the Pacific bluefin tuna stock is provided:

1. The latest (2018) SSB is estimated to be 4.5% of SSB No biomassbased limit or
target reference points have been adopted for PBF. However, the PBF stock is
overfished relative to the potential biomas$ased reference points (SSiz-o and
20%SSB--0) adopted fr other tuna species by the IATTC and WCPFC.

2. The recent (20162018)Fxspr is estimated to produce 14%SPR. No fishing mortality
based limit or target reference points have been adopted for PBF by the IATTC and
WCPFC, however, recent fishing mortality is above the level producing 20%SPR.
However, in the context of a stock subject toebuilding measures including catch
limits, fishing mortality should be interpreted not only against fishing mortality-
based reference points but also the projected ability of the stock to meet the rebuilding
targets in the defined time period.

Consation Advice

After the steady decline in SSB from 1995 to
started recovering slowly, consistent2@Wii.h th
The spawning stock hihoemaswo ibn o02mals8& waesb ubieldow g
WCPFC whil-28thesBOdFgsrmohmhaaliegug¢ed to a | evel
The projection resuwlstes moaledd unmMetr hesebasal h
scenari os asahdstremgqueshed by t heS3RB-MOandr Ei gao
S9Under al l examined scenari os, trhebuinlikb md tgom
by 2024 with at | easanltbetys ipglk bafbi 33 B ddadidssi tr ¢ ah
once in 10 years is negligible. The proqectio
based rebuilding targets due to reduced fi shi
increas&S&40]JFi gunremost ofSBt heomasesBaisopPfrofjleet 8d
initial rebuved dingtharffesh{({ 88Byear 2020 (April
the 60% | evel prescrib®4d).in the WCPFC CMM (Ta

The projection results assume that the CMMs are fully implemented and are based on certain
biological and other assumptionrs.or exampl e, these future proj
assumptions about discard mor tSa3dB tiys. sArmha lhlo ugadr
to other fiS8heridesc@Fidgusédoul d be cGwerstheder ed
low SSB, the uncertainty in future recruitment, and the influence of recruitment has on stock
biomass, monitoring recruitment and SSiBould continue so that the recruitment level can be
understood in a timely manner.

A Kobe <chart and I mpact s by fleets esti mat e
management scheme are pr &6Y0dé&bd,f orrey Betaoseimad li o |
the projections include catch limits, fishing mortalitys(Err is expected to decline, i.e., SPR will

increase, as biomass increases. Further stratification of future impacts is possible if the allocation

of increased catch limits among flskountries is specified.
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Table S3. Future projection scenarios for Pacific bluefin tyiflhunnus orientalis
Upper Limit Increase in Catch limit in the projection
requeste scenarios
Scenario #
WCPO EPO WCPO EPO
Small Large Small Large Small Large Small Large
1 0% 4725 6582 3300
2 0% 4725 6582 3300
3 5% 4960 6909 3465
4 10% 5196 7238 3630
5 15% 5433 7567 3794
6 20% 5669 7897 3960
7 0% 500 500 4725 7081 3800
8 250 250 500 4973 6830 3800
9 0 600 400 4725 7180 3700
10 5% 1300 700 4960 7880 4000
11 10% 1300 700 5196 7880 4000
12 5% 1000 500 4960 7580 3800
13 0 1650 660 4725 8231 3960
14 125 375 550 4848 6955 3850
15 0 0 0 0 0 0
*The numbering of Scenarios i sWAUPRFC€ eN@ndo if mto mVGE hnoe
* Fishing mortality in scenario 15 was kept at
reference | evel whi ch fi squtalres egedcoynfeatgrei fci srheiamng vnad r
20@2204. I n other scenarios fishing mortality wa:
from the reference | evel. Fishing mortality
F20D0® average | evel except for scenario 15.
* The Japanese unilater al measure (transferring
t hat for | ar g0 2PWB)F idsurrienfgl e2d0tle’/d i n the projectio
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Table S-4. Future projection scenarios for Pacific bluefin t¢flhunnus orientalisand their probability of achieving various target
levels by various time schedules based on thet&se model.

Upper Limit increase

Probability of SSB is  The fishing year

below the Initial

The fishing year

expected to achievi expected to achiew

Probability Probability of
of achiving = achiving the

Probability of
SSB falling

below the

Probability of
Catch falling
below the

t he

who

Scenario # WCePO EPO rebuilfiing target at the initial 'rebuilding the 2nd rebuilding rtgﬁu:];fgl; resbeuciigi:: his;?gﬁ?,':i?n“fﬂ his;?gﬁ?,':izfﬂ MZ?';SZSB Me;j:aznoiiB
2024 in case thg lov targetWIth”>60% target Wlth”>60% target at target at during the during the
Small Large Small Large rectitment continue probability probability 2024 2034 Pr;ﬁic;:n prggic;fn
1 0% 0% 2020 2026 100% 99% 0% 0% 107,098 286,958
2 0% 0% 2020 2026 100% 99% 0% 0% 104,973 287,020
3 5% 0% 2020 2027 100% 98% 0% 0% 99,968 272,814
4 10% 0% 2020 2027 100% 96% 0% 0% 95,096 258,850
5 15% 0% 2020 2028 99% 94% 0% 0% 90,293 244,959
6 20% 0% 2020 2028 99% 91% 0% 0% 85,618 231,003
7 0% 500 500 0% 2020 2027 100% 98% 0% 0% 99,903 277,396
8 250 250 500 0% 2020 2027 100% 97% 0% 0% 98,164 268,473
9 0 600 400 0% 2020 2027 100% 98% 0% 0% 100,035 278,004
10 5% 1300 700 0% 2020 2027 99% 96% 0% 0% 92,504 259,802
11 10% 1300 700 0% 2020 2027 99% 95% 0% 0% 89,951 249,996
12 5% 1000 500 0% 2020 2027 100% 97% 0% 0% 94,952 264,218
13 0 1650 660 0% 2020 2027 99% 97% 0% 0% 93,897 267,976
14 125 375 550 0% 2020 2027 100% 98% 0% 0% 98,729 272,323
15 0 0 0 0% 2019 2022 100% 100% 0% 100% 221,391 560,259
The numbering of Scenarios i s-WECPFCeNEnof ndomWGhmeet ghgeandy s ame
* Recr ui twimetncth eids fsr om | ow ¥1ledBrou ittomeanvte rdawgrei me crwd8 @ ment over
of achieving the initial rebuil ding target
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Table S-5. Expected yield for Pacific bluefin tuf@hunnus orientalisunder various harvesting scenarios based on thedaase

model.
Expected annual yield in 2019, by aree Expected annual yield in 2024, by arec Expected annual yield in 2034, by aree
Upper Limit increase and size category (t) and size category (t) and size category (t)
scenario # Me;il;g 25458 Meglta;oziB WPO EPO WPO EPO WPO EPO
WPO EPO
Small Large Commercial Sport Small Large Commercial Sport Small Large Commercial Sport
Small Large Small Large

1 0% 107,098 286,958 4,396 5,444 3,310 508 4,583 6,739 3,315 800 4,499 6,871 3,321 1,167
2 0% 104,973 287,020 4,396 6,924 3,541 504 4,580 6,771 3,724 799 4,495 6,851 3,746 1,168
3 5% 99,968 272,814 4,614 7,260 3,468 501 4,809 7,101 3,468 767 4,720 7,187 3,465 1,130
4 10% 95,096 258,850 4,833 7,590 3,633 499 5,038 7,433 3,634 737 4,945 7,523 3,630 1,091
5 15% 90,293 244,959 5,052 7,914 3,797 496 5,267 7,764 3,798 708 5,171 7,859 3,794 1,053
6 20% 85,618 231,003 5,269 8,223 3,964 494 5,493 8,093 3,963 680 5,394 8,195 3,960 1,014
7 0% 500 500 99,903 277,396 4,396 7,411 3,802 500 4,583 7,269 3,803 781 4,497 7,349 3,800 1,150
8 250 250 500 98,164 268,473 4,640 7,172 3,802 499 4,824 7,017 3,802 756 4,734 7,105 3,800 1,118
9 0 600 400 100,035 278,004 4,396 7,506 3,701 501 4,583 7,370 3,703 783 4,496 7,449 3,699 1,152
10 5% 1300 700 92,504 259,802 4,627 8,153 4,003 497 4,814 8,073 4,005 745 4,723 8,156 4,000 1,107
11 10% 1300 700 89,951 249,996 4,858 8,157 4,003 495 5,042 8,074 4,004 721 4,947 8,163 4,000 1,076
12 5% 1000 500 94,952 264,218 4,627 7,881 3,803 498 4,813 7,773 3,805 753 4,722 7,857 3,800 1,115
13 0 1650 660 93,897 267,976 4,396 8,444 3,963 498 4,587 8,426 3,967 769 4,498 8,501 3,960 1,138
14 125 375 550 98,729 272,323 4517 7,291 3,852 499 4,703 7,142 3,853 767 4,614 7,226 3,850 1,132
15 0% 0% 0 221,391 560,259 0 0 0 0 0 0 0 0 0 0 0 0

* Catch Iimits for EPO commercial fisheries are applied for the

fal)
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1. INTRODUCTION

Paci fic bTlhuuenfniuns Jouriid&B@)aliiss a highly migratory
i mportance yf oiunn dt hper iNwmarrtihl Paci fic Ocean. The P

|l nternati onal Scienti f tHc k@o ndnpietctieees fionr tThuen aN oa
(1 SC) established in 1996 has been tasked wit
fishery statistics and biological i nformati or
status, and dewdloaopnada®maneresatliten are submitteod
fisheries management or ganiesattaromsCgmRtFrMOs )R adi
Commi ssion (WCPRA@eramant feopntal Tuna Commi ss
and used as the basis of management actions
(CMMs) of WCPFC and | ATTC resolutions).

ThEBFWG compl eted the | ast benchmark stock a
assessment in 2018 wusing fishery data from 1
assessment concluded that (g} itsheb e2l0olmba $séteo ctkw
rebuilding targets adopted by -XTéef I WCHIFICg ainndt

(spawning potenti al ratio, SPR) is at a | evel
t he management measures-0ByYy Bhd IWBIPFICL REMMC 20
under the | ow recruitment scenario resulted ir
bi omasdi ngbtalget by 2024, and an estimated
bi omass rebuil di ng ctharegveetmelnOt yoefa rtsh eafitneirt itahle r
whi chever is earlier.

I n the years since the | ast assessment, there
and size data (dy sNakassukaeaedetbl&lu.@@2®D@2,0, s il
Fukuda 2019, Fukuda amdhdN2AGE? sukKiam2&§tl9al Hebet
Tsukahara 2019) , devel opit@gmpbuadamoeei sdi( ¢e s
2019, Chang et al . 2 0 21o,d eT si unkga hsaerl ae cetti vatt.y 2 002
the size composition (Lee et al. 20@99esITmest
model .

The 2020 benchmark assessment of -PacMdrnch b2 @2
This report summarizes the assessment results
catch, discards, size compos$ihtioogchall2drddanra nyde ar
a | ebnagstehds,t raugcet ur e ds i mwldatfioowapapul ati on model

Il n this reporthfeifsyhd anigon yteéne o meosdsed ot her wi s e
Rel ationships ambnggcygleamndaanyedebhltAcf asdi age
year starts on the 1st of Obeyf ahthmeh dg ey glastth
i's al so assumed (troechrafiothmePBBt enof héi model . Fo
fishing year corresponds to the 1st of July,
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2. BACKGROUND ON BIOLOGY AND FISHERIES
Biology

Stock Structure

Bl uef sinn ttumea Paci fic and Atl antic OcCcElwsnwere
thynonuwsi th twoThswnbnsupsecti bgnaudhuonrnivesnt ahy,snus t
respecti velrye)c,ogbngiezpeadr eatsEbwp B o § easnTdheumsnal h gnnus

respechasvedegbertic information and mor phometr.|i
taxonamy pityg dt he rel evant tuna RFMOs, the Food
Uni ted Nations (FAO), and | SC.

Thmaj or spawni mg earfeas deef WReBR ern Nort lom®acisf i
waters between the Ryukyu | alnondcdsirinmnleap &mo ua
portion of the Seaamidhel ppamrp8ebaatie®OyR6BIEpO

transition area in the coast al area of northe

(Figure21). T h e n at a ldultdPBHs gaughteither in the waters around the Ryukyu Islands

or in the Japan Sea wemiin both spawning grounds (Uematsu et al. 2018)-Ag8Fs caught

in eastern Pacific Ocea&RO were also originated from both spawning grounds using the trace
elements in otoliths (Wells et al. 2020). These findings suggest that PBFs comprise daikgle s
because no significant difference of natal origin between two spawning gréeiede.e t i ¢S an

tagging information (e.g., Bayagi gif n dfl98 4sR BiFsske n ¢
Nakatuk@vi ewed avail able genetics and reprod
dat a, and cioinchededdatat no information exclu
mul t i plTeh esrteofcokrse, i & gsisegl e nstthhek PBFaandsassmph:
by the RFMOs (WCPFC and | ATTC) .

Reproduction

PBsfare iteroparous spawners, i .e., they spawn

the I imitedrameaAprandtoedudrys:in the waters
eTaasi tveearfdr om Jul y t o Au g wsats eidn otnhehi Seda | ofgi &
g Ya@awt® mor i 1989,, AGkodhi @ndadi sS2tPrQiblbut i on
Yhebe et.Theé.raodd) histol ogical study show
esponding to the 3 years ol d about age 2
from June to August were Almose &MTbhnakaea
t i n tthRRpubvptt er sl @afds and eastern Tai wan
HC h(eFnL )e)t Aa hi d 2®0eLek,)laHese fi sh were at | eas
e model) aaddweitewvgl Bpmaanumeg. flemal es ( Oh
e (Tanwkaeetendaliy Keaxdypdshoo transilt)i on ar
b
n
[

S coc o~ T~

“—RFon< oo -
-~y T~35 =

veerl ocity of Kur ochwmfop awmnmirreqn t ft enrea8lee sp naersda
o tphoesrsg bd veni ngf rgormo uMiady t o August . Howeve
ied if these PBF | arvae can recruit to t

<—0O0———o0uw—~—T7]yo —
®S>SO0Y>SDYLYO®DEW™S

=@ > =

h the | arge BEPBJ iwe rpea ratd iccpeel tadrd rede Siennttthlree
nstaydy wleickethF eovvad ruiaddse g fldi@B cm body | er
n evidence of Saodigevia sad p.a,wn2i0nlg9 )i.n t he

nwOor
5o =
s— =
® —*+~O

o—r—"
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Distribution and Movements

PBFare mainlyndissbtirbbpt €a |l dbrnedt wietNnpag30GANe b uat i
are occasionally found in tropical2)waters and

The movemesatre @afmolPBFt he best documented of an
| ar geaninnutad variations of md vheemmn b g ( o lambde g s a ©

mi gr ati oMatruoruet essul ts in the WPO generally mi
Sspawni ng, although a small proporti dgegsdfOfi sh
fisatched in the waters around the Rywkyhu | s
Kuroshio Current i n the sOunfmesh ahsa ttchheeyd girno wt, h
mi grak emsigtlne Japanese and Korean coasts (Il nac
Depending on ocean conditionsl;3 dn sthnk mosvrh ep P
a seasonal clockwise eastward(mtgbhtei osodopes
ti ssues: Tawa et al , 28perndi Mgduganhoeseakr ak0yg
EPO before retuagakg ¢

bTheh hnee APd@bijsdtnwracd@sc | f | C
mi gr atbiygmt hckewse zeead t he | imitationarmtdhfehAvodi seu
oceanogoapdbhPoboviWhai L&a8BBF t he EPO, the juveni
norstohut h mi grations along the west coast of No
al . 2010) . Isnesihetsipeo ivhgttehr®sBEFout her n ,acnoda sas of
t he watwep si wagudgBhesre nort htwkeesnn i @dloi s@emunbsa bi gh
arfeound i not hecamat sma®atl h d Aoirtsgprean 84 nyear s isn EPO,
move westward presumably for purpbeesn obsepaw
outside of WPO. Tlwiasbwesvewdr 8r mimgbat smédgirnt o
their migration along the coabmrpgpkt Caltefannus
seasonalofvher idaatsi imimv € nmeandiet mp| ausi bl tehea omiggiraatt ii c
rates.

has bdéaamddet scmeiegsteedbuadli mg ng count
[ count s ( Yurkd cnaapmau raen d( Brayluit faf 1
i ncrements: Foreman 1996, ann
A standardi zed teedc hoon qulee fot o
n developed among the | SC me mi
ge Determination Workshop in 2

ndg
i1y
) .
he
acore Tuna A

sscladergage det er mi natuilan rstngdsy offorot RB K.t hT hs
[, pumeste, slkeamel i me,t and | ongline fisherie
2 and 2014 and the daily incremarts fofs hetrol
thesweotf Jdampan between 20hl aandd t20bhh éweraem
be of o patqalpiotelomle s r adci ocar bon dating was
i e estimated agesbovel er adinesd sd ket
I shi dactaai ens al . 2017) .

ukuda et al. (2015 , then, estimated growth
72751 ¢cm in folk | gB yEB}scolfdgsponddidmg | ty
281 sh6018. &m in F e405r3r edsapyosn da Indy dafot eé5rl hat ch
ndi cated tBettalanmplyegvowth function (VBGF;

b)
en
L
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fish -2a8edowl d not

fit | engt herarns agreg rdgwisenl |( PBU
grow rapidly from Jul

y to December but then h

These pdiemegd hageata were then used in two way
traditional esti maai neldemagdtého dd att rae aotbe da i thtreed f r «
rings data as random at age, and the fitting
assessment modedandSietcioonrda | amd telRhagpdn lgutshe dd atthae bsuatn
t hem asatr alnedrogit h  (actoenndg tthi o(nGAAla)gedat a) . CAAL d
into the integrated stock assessment model s t
underlying population dynamics (PixGkIr6))etexadl.or
sever al growth patterns using both t-sadntzasna
growth model, a two growth patterns meodel r
conditional met hod (a sieasonal egrawed model )r
the simple VBGF model and the seasonal growth
ot her growth models. The seasonal growth mode
estimate gr cewtAALSidnactea twheerse not representati
popul ation mainly due-moa et lebela seegd®m bmhonvae meomt od n d
sampling bias, including these CAAL data in t
i ntiemates of not only growth but al so popul a:
decided to use a simple VBGF estimated by Ful
variance of I ength at age usi(nhlgSEhz20Ingnagnt Isf ¢ d
l ength compositions was further addressed by
4. 3. 2.

The variances of |l ength composition data for
assessment workshpp MmMeetesgi WatS€d 2046i ance of
generally stabilizes after fish mature sugges
age decreases from age 0 to 3 and steadies frc
vaei ance of | ength at young ages could be fror
growth patterns among year s, et c. and the act
factors. This CV of CAAL dadmdiwas!| emeti mad ede wu
Lee et al. (2017).

The growth curve assumed in this assessment w
(Shi mose et al . 20009, Shiamodel ashdhdamaaelb6hb, 2|
2015b); grows rapidly to age 5 (approx-Bmately
At age 12, the fish reach 226 c¢cm FL, correspo
Fish | arger thmar 2bY ecmdé&lL wahanpage 20, indic
of this species is at | east 20 years. Fi sh |
catches

The Iveenigghht r el ationship of PBF basednon htilse
stock assessmentl asdsMogmnrien2Tabl e 2
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Natural Mortality

Natur al mort aM)i tiys womef foifcitehret smo(st di fficult p
in the stock assessment modell baze@etdlonLedeetsi
The-had approaches based -lbinsttdirey tamgdy i inmgf arnmd tyis
speci es Mwaas susneedd gppe diiefgihc :at adeyxawmgpeampes fi s
and constanhkFi gp¢iteravar d

Nat ur al mor-@ ati sy Wwas hbhgeed dEBEcewvieIntts omlat aitre

studies (Takeuchil wahd €akwamhaaROtLI2@06h el Blg e n
direct eMbeynancdcesapdr &1, f mo4l & gveasshyb as e da dg nu slteendg t
Mest idinatoen conventional tagging studies on sotl
| STOO0ODPHhad usitmeeartd direa tda d f ehriesntcoer yofb eltiveeen PBF
bh uefi A camat amtal ncnooerftfabcsiteynur t her deri ved fror
obtained across a -Busterypyfbampdr mebhodsadl deIif e
fish-d&ilrea et SE0O0WHiOt0IBocR1 2t aMabbed age 2 and
PBF based ometaggedgfdamaEPO, Swlyerae st lnéd dyo wrg

maj or criMestiismatedukseom Whitlock et al (2012)
the whole population due to t heThins osripdcekt ea stsae
used tMecls aalse Ipteheevs toaucssk as s Se®ma rAtntSh & oact ual mo

settitrigyv d&lobues.

Review of Fisheryand RFMOs 0 management
The main fisheries from each fishing nati on

summari zed in this section, wher eaisn tthhee fslteoec
assessment are summarized in section 3.3 (fis
Whil e there were w PBF catch records prior

fe
dating back to 1804 from coast al Jearpaatn nagn d nt o
EPOLheatac h of PBF was estimated to be high fr
approximately 47,635 t (36,217 t in the WPO a
of PBF dropped precipitowubdsy idruecr @ s aMbrdidg Waf i
Japanese fishing activities expanded across t

By 1952, a more consistent catch reporting prc
i ndi cate t hatf a&PmBrFualy caStCc hreesmber count2rQ0ile8s f | u
(Fig®ne ZXive countri,ddut maiamplayy kantvcdxets RBFE ma
Me xi c o, theaW&SAChiKmesa Tai pei . Catches in troc
hemi sphere are small andpepbeddcatcbesi pgakhbd:

an3t, 6t12i nr a8 bhedavmo u Bt, 6&bt3 t i mci1P2ALBELAHBNOD ,
and t hen d2e0cOl5Wheid eafat esrui t e ofmofsits loif nidgsihgearmrag c
purse seine ¢f7i)sheries (Figure 2

The ¢t rtehhedtaticsh associ ated wi tlhn RFOMIOIs,6 WaMRE egnec
conservatnagne nreemmd measure to regulate the cat
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weight) in its conventidgn drmhea c@QWCPFCiIi oMM 2v@&Eb
2014 (WCPFC -0COMM &@n0d1 32015 (WORKFC OCTHKBM 2Otdent
(WCPFC CMM220WwBich has been in force since 20
PBF |l ess than26048 avVvertdhge 21002e | and the catch
wei ght) | es200Hamvtemag2a002vel. Il n 2014, | ATT
management measure to regulate the catches fo
(I ATTC resdDPOYti dheCcatch | imit was also furth
resol dt4dd @)n. CThe current medd el ( MATEG tesal ut
catch for 2019 and 2020, combined, I ess than

ThmajaoaotRPBFE fi sherairlkesnghi dapanpurse seGtmes, tr
gear typesarsidicnhe ,asamploiheamead ate@o nsi daemoaunite o f

catches. Thef drhceuhrirnegn tglryo uancdessi genkeirshéyi €é® coas
wat e dgirmgn Hokkai do to the -WRaytuekry ul d rsgedalingdes . f iTs
cat chobuPtBE i rissomedladmhp ameé dhetro actOwer ditli dslh earnineusal c a
by Japanese fisheries have fluctuated between
6,000 t in 19®MO0récdéeradbs gkadapaneser fad htea |
Yamada an2dd Os7feflc onghi B8ecdiisbher §. 5. 3;:Spatsensadi be
3.5.7, 3.5.8, )3.6.3, 3.6.4, and 3.6.5

| n trhietWdtes of Amermegjadc( Uv 8.i PBPruirese sei ne
recreatiooatchi BBErofefs the wdbdgSporase 9¢éi Nert i
used tad acgagtec mPBhR ot odnnwantgef s Baja California
established its Excliumi a®dEeceancdtmdedZUns&. (BEHZ B
Af ter 1) 8a,r stecheseomep i BBFfoeppyrt ufcAs-didée aivlay et al
200Corremedyt majority WIi sPBiFeacme &£ths bism ItdheS .
anMexi can( Healteerresr2 0d®d L ee

The Mexi can puwasse dseevienl eo pfeids hrearpyi dl y afdiex Me xi
the most i mportant | arge pelagic fisehe oy siem vMe
program with 100% coverage, captainsodahdgbook
recently stereosamgiAibuadddelr 5alsr e(yDruesyM@udstt 8of t he
seine sets target yellowfin tuna (thesadcemi nan
caught near fBoarj af.aCdanthienffgdMerxiiac an PBF catch hi st
annual cat chesn (tahbeo vyee a7a,s@2@ Ot4)0) . 2006

Il n Kor ea, PBF are mostly caudglhlst O yBSgheit oé&f 8 hc
somenadd mount eosfe pcoarttcend Dbfyi sthieer iceesasnhal years. Th
OLPISi stwasy b5e0l0Oow unt990g hei mirdeased with a pea
t henf [lhiacstf uadtme 00 tntd018900heée.catch oflThtethe OL
main fishing gfriosumedr gwfff tJetj u@LIRsRcszsaad! ppeatat e i n
the Yel |l owEaSsetd Ysaewad ©he bhkbe 80141 . 2018

The amount of PBFs caughstmabiyh|l tehd ohail wanreg s e ufris
scale pelagic driftnet, set ngtjnef fwaksbsenazgg J
(<30b0ettween theedrROBASHD®B 4t lmd Abdi ngdgriandcu alalsye
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to ovennns3I 0y tdues dal & hleorsgrall®di@ greeselImregi ster ed
targepawgetrhbsea 0r mif rnoanr kAeptr iTlhet dni §hest wabsser ve
3,000 tandn ax9deedc | i ned rapidly to | ess than 1,0
0
P

f about 20 & attt chlrenn 230ldi@gdre taalswel 210 ¢r8e, | itmi nary est.
BE atwals5t4.
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3. STOCK ASSESSMENT INPUT DATA

Spatial Stratification

PBFare distributed acr s the North Pacific Oc
2019) . Jusmenel beP®Een he west et heaPsatceirfni cP aQccie
Ocean (EPO) (l'toh et a,bef?20@3 reBausnt agy tet t
Because of the | ack of direcgpatnifatransgadmdatn boene
usedadvassmest npudawmtdgaenelvi ous assessments have
instantaneously mixed popul ati on oandmnpilnccortp oyr
spater-#fbeets ,fVppeonphobhsde Thte amlfd aeB0tlsd )appr oach
t he PBFWGU adaens mmal at,somg getgheaty al t hough the wus
mod el processes ai stsrpuaet | als| ¢ yf éeplti et astoadne | , m
be well esftiignadreyd svapeacp ¢ onp cseweviap labi | 1ty (s
pattamaiosnyt act gear sel eAspatiitayl [(yL eex pelitinleadd s m200d]
anar ed uftuegseear ch

0S
t

Temporal Stratification

I n the stock assessmemteff odeudPalEL o ag fit o s Miéhreg o y
following calendar year. Thudultyhedtdld@ns oRBOBI r
Unl ess otherwise indicatedit htehehitiEt ey Gymar pert i

model ed i n obhePBBS2E0s1ls8Bhmé6bBMI t h catch and size cc
guarterly as foll ows;

Seasion -Beiptyember ,

Season Ddteckeanber ,

Season IdMauwuamhy and

Seasion 4LKpmiel

Recruitment is abegimedmomt d¢wfdcsiitrarati ntghd rom Jul
in the assessment model . Rel ationships bet wee
showhahbhe 1

Fishery definition

A tot afl sloéweiz2ées def i nedsbessmaet sobcRPBF based
country, gear type, sealsaobBle arfda,r £BF W dataf
meeting (1 SC 2019) . Representative fisheries

Fl eetJdpanesieshenig®s h@ed Bfadlld Bl¥e%2s,o0nand for sea:
1993,

FIl eetJ&@panese small pel agic fish SPPISyge foaei & aft
1, 3, and 4,

FI eetK@r ean osfcfgllheos e 34 airg@L®)i,shery (KR

FIl eetJdpanese tuna purse seine fishery in the
FI eeetJapanese tuna purse seine fiPOhery off t hi
Fl eetJ&panese troll fi-4hery (JP Troll) for se:
Fl eetJd@panese pokbbdeawd(UDPNnPL),

Fl edtO apametsef iseheries (JP Set Net),

FIl eet Jalpanese other fishecales {(IJPhOtihes si)n mha
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FIl eet Th2a wanese | olnlg) iinre 0 wthlreeryn (fTIMWMshi ng gr ou
FIl eeEP@8 mmer ci al puis 8omeinabI PODHABeB8 YPMM) ,

FIl eeEP@d mmer ci al pu(Me & idsoarii mea n2t 02§ MCOWI M) |,

Fl eeEP®pPports fiSPhfe®d4 EPO

FIl eet Jla@anese ftarohilndg i (shRirliygdlolr f or Pen

FIl eet Th7Ti wanese | olnlg) iinre rMforsthreeryn (fTIWMshi ng gr ou
Fl eet Ja® anese small pelagic fishSpPPSye foei sea
2,

Fl eet Japanese troldedsesmexry (JP Troll) for

Fl eet J2a0panese small pel agic fish p8PB®) sfeome
farming,

FIl eet Uhlaccount edh(mor w)aing bMP O

Fl eet UhZaccounf edh(@monr e aibrb eWP O

Fl eedapg8nese | ongLlLi)nef ofri-3sheedrsi censs 119 ¥3 ,

Fl eet EZadst ern Pacific ®ORedB&IALBrts fishery (EP
Fl eet Uhlaccount edh(agiom eraid mit ByP P

Some gear/ awiems!| yf | & lamiomuiesmalof PBhRctadeld wer ¢ h
with similarssfzehcomgpgs.Dbbpddeansdgi sprasonswhi ct
the catch was based on expert Foopri nei xoanmprl eeg a rrdei
small catch by-nkdr,ean(dby rtorldwlf,i sheetri es) i s in
seine caltwcdedvaisn i mlceet 4, the driftnet catch
Season 1 of Fleet 7, and the other Taiwanese ¢
mi scel |l aneous €3atacnhde sS efaosro nS eda swoenreetl eitn cf |1 uedeetds ,i n
8 and 9, respectively. The other Japanese cat
from the Tsugaru Strait) were includedbyn FIl e
New Zeal and, Ausetdr alni aFI| eeettc .1)2.i s incl ud

Catch and discard data

Catch data

Al t hough fisheries catching PBF haVeemperwatid
the EPO (Bayliff 1991) and for several centu
statirstoircdeopaddi2al | yotwveom nbée WROI | alslsee.d Talser ¢
the starting year,bet aat bmeo rset occokn sai sssteesnst mecnattsc h r
adoptedcatemdf fbet data frdobmewéapanvwsael hbhgl ine
onwar d.

Throughout the assessment per i owd,tthteo t il s taonrni u
maxi mum and mini mamyatloetnadla rc aytecahre saroef 40, 383 t
1990, refTpkeliRe iWedjhfuale scaaec halaboageilb, 00O L as
decgda - 2008 cal endar yoefarRBRBE hlahveb ynig@eanrsidt ayk @inn e
fisheries: Japanese tuna purse seine ,(fUSshery
purse seine fwidwvharge( ploee¢ei oh3pf the catch uni
pelagic fish purse seine fishery operating in
tuna purse seine f(iFdkerty 4i)n talmad Mexiacfand gppuars e
(Fi gua e &8B)
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For the assessmewermodempi gadc fabll3paBd8kRor s ome
fisheries, guarterly <catches for t hley eaatlogh p
proportions appli eixdmmnp la®lsesattanidade bed ata)@, 1994
Fl eet 5 before 1971m¢gdthlkeutscshi r2¢en}t, getacterFg
derived from | ogbddifelceett angi nmarsitlay i espercat e |
asl eethilicihcl udessasmdl Uapanetsreawli,s hemalels I(engl.i
their annual tot al catch was plaagdriegaBeds al
pl aced in Season 2. Catch data for stock asse
for FIl eet , aln@pb ewbe QRWOar tedrelsy wer e expr eBisgur ¢ n t

32 I Ahtlthe quartewémeodated dat 4o Season 4 of 2
Quartedere@)we amaoctba fbat Fteprpt s@meepeewsokdisomt o
assessment as the catch af crephenmen2®t. wea sp rseewia
assessamecniEl € eavad 6 doulkelpeorttlead catch in order to
unaccounted mortalitfyodt ¢t thbedasnsHabmeht| f ca
i ncl udeecwh®R2hunactcbent dd.emartal ity

Unaccounted mortality

It is recognized that i mpact ful management m €
mo s t recétme KFBRWG. agr eaead stehaotf ttha sbase ess men
"unaccounted morltnaltihiys, wkd cBueniebnft &t9¢e)'du nnaocrctoaulni t y
fishery caused kills that do not show up in | &
tches in additidbapanm dNaskatrsgdukmoramd i Fuksda

20aandhle. $Piner ¢t palovided0di scard PBFWGMmMat i c
comme.ndMd X iomo suggest ed -rtehleeraes ei smonrot adliistcya rrde
TTC/ AlnDb@®Balrsde wv ¢ h8 @% c orvaelreagnean al so suggest e
gn of releasing PBF dsruofni itchieeinrti ffmasrthgeimmy iogwnho ttlk

n == NO

gun&2dcount éd sinferd re ISWR@AY8i nsestdehabdddi scar c
m fliaplheri es (setnet, peutresnell skpaurnesagf ikmarkeii eve
t he unwherédaese(¢Un@adctc ount ed mor t,allF&2@BBhdsher.i
eet 25 (Unaccounted ma@aoti@8dclegdd mataeldide S ciamc
om Japan fisheries for penannfdn gm(Stproaltl fa rsd esrr
S p edthihwe luyyintb ea f.

anese di waaresmédtbhooddtregported catch for al
7 and RHrded ewlsen of PB8Fbegoomeée dergdi ficant (|
uda 2020) . Korean discard amount waFsoresti m
Eecr datfiiosnhaer vy, categlaed, preldadson edient asr @
d in California Commerci al Passenger F
t and subsequent discard Anorrarddn gt nu:t
anbhgeesmesai mated t he moTa arleftlye crtatt
ty ohfe tChve sfeorr eénhcevsael sunatccounted mort a
3) (1'sSC 2020) .

y
v
n

<cCc g T TN G
WSS ODTC O
—o<—‘o_8>\—|—\'cs
cCoDOm®™O0
o - - =

de
[
s e
t a

(

[
0.



FI NAL

Abundance Indices

Overview

CPUEased abundance indices which weTraeb |-4ki s3cus s
These series wersepdeiriivedcdtrom dnd hefrfyort dat a
ppropriate sHiad u3sdaimda-b) amdygerhed3vWdiso s aPBWGs ment ,
four |l ongline CPUE series a$) ,t henddallta pa
Il 4 naext & recr ui tcraesna nionddeel XT {f84F Qatrlel BPa.s e
ces cObhayifainsehsoad e dw astt earn td .0 nrgeé 3)meanpiovelly y cov
cent p e2r0i1o8d) , ( 1e9a0rA s5PpHpandodni dd | e -1p9%9r2i)o,d (
spedctBindeelxy .( Tai wanes s ladmgluidrte afbiusthdessmyx)ent n d e
peri od0(123830.2 hi s assessment, alhurmsdawdtehse ngri €\eis
asseswaneanti nclnedjeatdogvhei kBEi hood function of t he
The i nput odoefafriicaitamtns ( CV)ereeet afacum B@alBlc ei, mahid¢ & ¢
and sevdstomssCHYt i sstiicmdi gd by tmbelwdasahdasdit hani
I f the CV estimated by the standardizati on mo
to represent the sampl i Md svassarmddhiehppryodoh ude
prevda ouessiSime@t2018)

d
I
[
e

Japanese Longline CPURdices(S1, S2, & S3)

Japanese | omgl icdeesr i@Pdddh gfbrocosk tdoattaal. of 3 i ndi ces
from this |l ongline infhbematamdbdo90®dmef drort héd e o f
di stant wabaéetefflhdB®BH) £Is0 rwea taenrd | doinsgthailrinte e € P UE
be split uperned93t7BO6 FB2meFul)Z2bak dl BPZ74(01S3; Yoka
2008)because of the change i n opepobkpebams&kletpatt
For thistaesadamammntchdeapandesef c qebslt: 22DAUBHd gl i ne
a nepvatte mpe®tr @ah d arndoid4dastuikoanh ar a). eThel t1i h@é28eri es
was very similar &aoal )hsihger ebRiFONGs| id&ELrMM | mpr ov
techmegraésre htrioehleatbiuvna anc e.

Japanese Troll CPUkdex(S4)

Catarpelf f or t t Hcaotaas tfadr t r ol | f0i sPHBdr iiens Naagragseatkiin g
hedbeen collected from five fishing poretss. T h e
Japanese trofiskamy hi0sbPBdgtfhmem both spawning
|l slands and the Sea of Japan) kee cfaiusshei ngf gtrho

(lchinokawa et al. 2012-ana@aflffher tunddtsa odr eftfloe t
number of wunloading troll vessel s, nearly equ
most trol |l vdeasys etlrg pesé kalrloyn dradmafoo dmat i on t hat
PBWasaghtzceatoch dawvai wasle. -Tohhemalf omedela Wag a

the standardization of the CPUE (S5).

| n prheevP BRusasseasmbnand sizelJapmapesietitom| dat a -
separ attaevdh eiettso by s asmd | BE) . &HdtWwe )M ear ,t he previ
assestmenatbruonidlan ¢ SApdieleexluspendy t he datwhifrem al
I s®| e omaise s utylsed me wi tFhr FIL be &6 téalses eBdsamseewmte | oped
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uisngnlilsyeaseoelndsat2nz macohadywi eéem the c¢compFolseietti o6 ¢
( Ni shi kawal et aadiPtBIFOVEY atghr e e t h2e0od e tx & f mahsA t
abundandeet ehecxs pat i al acnodv etceampe@rr aldh ewipet bhres

( Ni shi kawa et al . 2020) .

Taiwanese Longline CPUidicesfor southern area (S59)

An adult i ndex of relative abundance Twaes dev
fishingtdleoiumadneosfe | ongl i ne fl eet can bse sepal
The southern area has been cdmsisddTlireeeu@BUE h e
i n this waasss ebsassnreednton t he operations IiGh MMhe sol
(Chang et al .-22D&0d wWass: devwdl2oped wusing the
EstlmatlngtmlﬁtFmto@rtth esimnl anding weight for 20040
simul ati on, (2) Der-2oDAagffomhvegsdhymohbtoflDNO

and voyage data recorder (VDR2OOG 3hr ddDerves g
informatnohi baaedrel ati onshi-peabdawsesehofiahimni
size and fishi-@8g1lpantd, (duriEsgi m&@OVvng and st an
number per fIS ha Wf8Cdamgg) ahdr LR0O002018n C€Chang
assessmen®0@00&e ryeearesmoved fr om tthBe& i sstea n deasr d i
because of much reduced data coverage

n additi onf otuor tihnidailcsersd dvdeynecbiompeldiuni bd | i kel i ho
unciheaslet ernati ve indexebornthaedecsp@ahi al e anofdr
02r0 @D 18 (S9) and three brdimbe s1sfdioam etalee nop a t
empor afl@rn@@®eal8 d-8B8t)ehdsS6 i ndi ces apetkeaeatngl ewvwsl
uture stock assessments.

— —~+ —h —h —

Size composition data

Overview

Quarterly size composition data wdreem gd dmomirl evck
the stock asses¢menk. | Adndgnhdhe § Griid J daad eart thiementearr
(cm, whereas weight data were. memstumedad e d hme
t heenggathans of 2, 4, and 6 8c+h BWBi, d tadm9dOv daln® Fuls efdi <
respectoimpelspat aveinmgvietbénred i n a r a(nO,e 1o, f 2b,i n5,s i 1z0
32, 4 2, 53, 65, 77, 89, 101, 114, 126, 138, 1
and kQ7®&i s bin stratetgwo alitreanpft eerd ¢ edd3c r(aFepd] dbek a
et 28&I1)2a The | ower |lkeawndatoy noveaegadlsed t o def i ne

ze composfirtairoen dat
previous assessment ( 18) . Length compos
16, 8, 9, -2(MAGndl2&2L,3,1Whi iag wte r o mpasxit teidod od
11. Of these, the si-t28 wemposobmbonsedf opb Bl empt
modahbitée. 3Fl eet 16 was hbhg®s jitmelds ttoh eiart chi ze con
not r &quwivbsehle3wt he quarterly size compositions

For this assessment, t he si
| SC 20
i1%® vad
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Theousode i nput sample sizeswéma minhe i Taddéei Bo mp
Depending on the @eodr ay po t déahngp | tkia $skiezrei ewsas b a s
di fferiemat @®Numkeer of fish meassamreddo, MNwumber
t teot al mosstaimpdyeadwe o, and ANssmwremloof haul wel |

Japanese Longline (Fleet and 23)

Lengthhcomposition data for PBF from the Japanesegline fishery (Fleet 1) are available for the
periods of 19521968 and 19942018 figure 35). Until the1960s, the data were collected mainly
from the Tsukiji market. Sinceghe 1990s, sampling and market data have been collected at the
major PBF unloading port¢ée.g, Okinawa, Miyazaki, and Wakayama prefectiirdsength
measurements were relatively sparse from 1969 to 1993themd are concerns about their
representativeness asd those data aret included in the assessment.

Length compositions for 1952968 were estimated based on the aggregated catch and length
measurement data by year, month, and area (5x5 degree cells). Using this stratification, length
composition was iaed by catclin thenumberof fish (Mizuno et al. 2012). Since 1993, the length
compositions were estimated based on the quarterly landing amount and length measurement in
each prefecture. Using quarter and prefecture strata, length composition wadbydiseding

weight Ohashi and Tsukahara 2019).

Size composition datkom the Japanese longlin®r season &fter 1993are retrievedin this
assessmer{Ohashi and Tsukahara 20189nd theyindicated smaller fish aretakenrelative to
season 4Thereforethe fishery waseparated into two fleetdter 1993in seasos 1-3 (Fleet 23)
andin season 4Hleet 1) (ISC 2019).

In this assessmerthe 201718 compositions of Fleet 1 were not included in the {case model

Those datandicated a shifto smaller sizdish, which could bealue tothe changes in fishery
practicescausedy a closureduring a part of the main fishing seasttore work will be needed
to understandhe potential effects of recent management measures orabiditg of the model

process linking to this and other data.

Japanesesmall pelagic fistpurse seines in the East China Sea (K2e18,and20)
Lengtomposition data f osrmaPABF pfepl oangsi éch sfeiilsah@ an e s ¢
Chi naarX®eaferomeldength measurements (Fakeokat anh
Mat s uSiirzaee sampl i ng heaesache emardckend bataendd faord r ai |
l andings for BEambgth®Bl &t brand (

omposiathieseenpar at efldeens obywseseason (Fleet 2 an
dhas compositiofOeatleB, a waielraehlalse Rfaosre dal @& ¢ 6
@eP 12, 2014 ,t haeede29mént | nt -4 dfat 2014 ef@easbhe
t
h

S5 B

used becaudartglee uavbewmataasougtidyh hbee tdluee dlbanges
e landing procedures in the ports

Fotrhi s asas ekl tepavtacr eatedJapamesdeppesat segn
in the East China Sea for farming. The size cc
ast esewmpi ¢ tammpgangt (Fukudal®)nd Nakatsuka 20

3
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Korean purse seine (Fleet 3)

Lengtomposition data f r(of easentev &K)olr emlne psuirmee sZ20 ]
2020b) . I n the previous fasosre sbsoniehn tt, h et hJea psai nzees
purse seiamddh(eF IKoate alh) p B)rhaes Hemrmmd mé bl eaetsi ngl e
( Fl efear 201D (| STCh<2i 0z1e6 bc)o swop o sbiottweordell mielt sr . Ho we
since 2013, | arger svdédedind i agdnc UsrefadgloedEBdu s7,0 cm
the two fleets were di gadgr 9ads®mp |fedlgeefhoirs a

composi twiaeo nd abtyfaiedh s apned tinmegensdutr etmtaeatb oabayt or y
scieeasnti st

Japanese purse seines in the Sea of Jép@et 4)
Lengtomposition data for PBF from the Japanese

habeen coll ected bymipmatto saamdp | &w ai |li anb 1Sea ksaiinc e
when ther e RuagsuSneo Riaz e himg€ asav e mb a@a e pa nhdi gnho sct o voef |
the I andings were sampled. This fleet catches

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

Size composition data fears PBFrfartamm g aopfadn & shee P
were collected at Tukiji mar ket and sever al L
1950s and 1993. Since 1994, |l ength and weight
andnlosnaiki bpeoretts alA 2012) .

Al t hough the | éngitnh smd a s Utreegkyeenh talsd 8b0ese,n an appr o
met hod t becskeaterceopmpeosseinttiibang thloé¢ gatcihheen est
entire period. Therefore,i ntchleu deedn gitnh tclhodnppoassitt
been | i mi-2@@5itgars)E9 B5he si ze compesiykeiaos det e
variable (eroyn I5&0r gen) t oand it was recogwized t
focusing on the smaller fi sh,.

Il n this ,6 asssEerses nceastvea sei tcir@etP 6 b&afserd pom tt Fa mp!l i n
progwhimch has be®inncd(lc2bhdh d.emlehddsaisfalde ¢ toews cat ct
f &2r0 21041c al endgarn dy enaor si z e w aavpaoi diathilderh( datohaeda od
2019) .

Japanese Troll and Poland-Line (Fleet 6, 7, and 19)

Lengomposititchhieapamneas éio §&dleletf i@srdmamtdi madt)esv as f ¢
1) Fish I ength was measured at the @mggnegat edc
bya®@#ao and fAimontho as t het matha musamgbgpradihicaitiieeeda n d
werreai sed iynecramd€rmhifhiscédor responding strBaasaedFukel
on his procedur e, t he-c @mp o sniatt iedfei qgadiair ewheg d e
modehl| ess moroef tchaatnc h20d% d not haveAcaocorrrdd snfgo ntdo
criterion, the |l engtsi, @a@rp@G17i amdidEa® &S dweardes e
not included in updated data for this assessm

The 96l eeentd 7 tend to operat e -siinz etdh ef issahmle( parri enaa
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e sel sbtair €#iteyeyi Wf o mmatieo m

h). Thus, the siz
el the rel aFiuged) Y8 poor si ze sam

because of

Japanese seatet and other fisheries (Fles to 11)

Size measurement dat anédtorf iPsBhFe rfireosm hlaavpea nkeeseen s
The @@&dtizle data wer e est-dgtmaateidf nbeatshemld rogi tt he aoma
wei ght . Excessive esti manlgroona dveassc ad veqiod,eyd shy ¢
Smal |l / Medi um/ i amgye}t rana ¢amcul ati on (Hiraoka
compl exity of -ntente fd asthaesreyt ,watshedisveietl bd Shhroeo8 f
2, and 3 in att |f oreflekkairdcsc a&nSdeafsoomor rd ,f rFolne etth
areas, andséhsenh fiDsherglln Holkai BB abldd &® mo |
l engdimmposi taireenaidlaa al e . The datassi gdgletvaeede hhaghl vy
variable from year to year, and quarter and
environmental conditiago.nsSiana shoomp @BiFto ko gtkna it h 2
fishery in Hokkai do anarteloanowe i @ hr tesf( nbeadksau re eent € ria
2015) . Fl eet Iclo mplosot has waeatght whi chscianceldude
l ongline fisheried inhstaej dsaghr wabBkhreaivdinghti |
composition data for Fleet 11 were combined t

Taiwanese longline (Fleet 12 and 17)

Lengtomposition data for PBF froml2 ha&ndial wanwe
basedhenmar ket | anding information and port s
has been available from the catch documentati ¢
Ssize samgltawalwiittyh (Chang et al . i20Ek5)y. whise sE®I:
into two fleets bythadoshihermgnameaa hecdoeetFréeé Rt B4R
For this assessment, the |l ength composition d
has been the maiani wainsehsien gl ognrgoluinnde rfso,r alnd t heir
that of the nort RéOrlmB,arFd 22 FE8lEet 20D:9 1992

EPO commercial purse seine fisher{esS.dominanj for 19522001 (Fleet 13) andMexico

dominanj after 20@ (Fleet 14)

Lengtomposition data for PBF from EPO purse s¢
from | ATTC and awe¢eaomnas sdrmamunei € ngradbr ograms ( Bayl
d&il va and Dreyftuhkee BOMmM2 panFl| &éte B osshe2iBERD,
andl ength compositionardesteal tomomsi9mateeot he@8 23 e
the stock ax®Glgslks mé e Mg XLi8cCa sdomi nant EPOlpur se
onwa, dand ictosnplosemgtiln dataréraoamed00b tetkRMhaBe
patte®innce 2013, <sairreeasomepdshyi ®shedadsacopi c cCeé&
farming company-d@Drlevyaf u2sO 1a5n)d. AFarest hi easiatsis@s s n
data f-20wWw0pdated (Dreyfus 2020) .

U.S.recreational fisheles (Fleets 15 and 24)

Size composition WaB8eac rfeoat iPoBhFalf rfoins hterey had b
st dffolm® %30 12(0Hoyl e 2006) . Since 2014, NOAA too
(Heberer andabhde skP@é@9)xomposition dat al nartehinse
assesserstecrtetad i onal fi sher yFiwast s2®pOalwdad 835 2 n

3
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t hheATTC conductedFlI et s a-Bp wWehregqO0Od&rmde NOAA condu
sampling. There wastihse z2e fsoamploipregh appre@@idpam o w
th utshPeBWG agreed that the si zZ2areommpeed iatsiearn i d gt e
Fl eetasaz4sdumed tobohatsfomrl BFeet 15

Japanese troll fishery for farming (Fleet 16)

For the stock assessmentsstmearognedigie ffi siher(y S
2015aphce hbesezareompositions availabl e

Unobservednortality fleets(Flees 21,22,and 25)

Unobservedemattbhal poyssebkaspofabstcarikgeglwoded as
remesvalThe unobserved mortasepygr amtaes fsleepeatrsa.t et
i nformation and included in the assessment be
e beginning of increasing abundaBrecceatubseee et h o
no avail abltdseidada ad it ou nroecbpsrterstwehsdi zfe s dlogct i vi

t h
i S
tds e f lamestssume d t b b baes ssoidniiadttaezd | e 8 ). Secti on 4.
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4. MODEL DESCRIPTION

Stock Synthesis
An annustlept thneengdsh raugcét aurrvsailrdu | at i on popul ati or
seasonal data (expectations generated quarter

was i mplemented using Stock Synthesis (SS) Ve
st ock assédsstmeantt ersotdiemates the popul ation dyn

fisddependeninddpesmeeaeryt , and biological i nfor
devel oped for coast al pel agic fishesof(studase
and other highly migratory species in the At
2017) The structure of the model all ows for
processes with full i Nt eggatai oMo nd @r oCsasr | @a rMVaam
al gorithm This assessment uses the maxi mum |
nor mal approxi mation or bootstrapping to esti
SS i's comprised of three sudcompoommosent( 19 h a
estimates of the numbers/ bispmassi atdl mgbuesi ot
natur al mortality, grommagcr,ui tenemndirteyl,at @amah s ts
observational Subcoamrpwence n{ maaesaur erdg | ageasntdlt g e
proportion at |l ength/ age to the popul ation
selectivity, and (3) a statistical Ssubcompone
observati eemg etdo ptolpeulraegdron.

Biological and Demographic Assumptions
Sex Specificity

This assessment assumes that there is no diff:
the sex ratio between females andemaéesals 2O
Shi mose and Takeuchi 2012) . Mal es are gener al
mature (Maguire and Hurl but 1984, Shi mose et

and Takeuchi (2012) andedaseacihfiii ¢ 2drl@wt H ufr d m e
sampl es ofepgthedatgeby sex are often skewed.
fishery dsaegxa,was sasnsgymeed for this assessment.

Growth

A scexmbi ne-dalgengehatxtoersmalpl waes tei rhaetnegd hf roano | pi
samples (annual rings: Shi mose et al. 20009, S
2015; annual and daily rings: Fukuda et al . 21
was t-panameterized to the von Be(Ft gludmahf@y gr ¢
adjusted forbfhdubyrth.datethé first day of t

0 0 0 0 Q
whelnanldare the | ength (in c¢cm) assoA)i atnedd sweictom

(A2 afeeiss the asymptoadtaige aEer ageiKsi shydBe , g ranvdt
coef fdci.enfthe( gr owWiLbha rplehwearnee tfeirxse d el n Kah e S 3 880 ¢
ylanldanldat 19. 05 c¢cm and 118.57 c¢cm for age 0 anc

aage relationshi p LbcyanF upkeurdeameette railz. e d2 Oalss:b .
0 0

p Q

0 0
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lLpis then calculated as 249.917 c¢cm. The proces
(CVs) were the functiboun Qb EngthhemRaned emmgtthhate
variances from the | ength ceadpeorsdgtth odatda,t at hae
then fixed at 0.259 and 0.044 for age3 Owaasnd 3
used to generate the process error for interyv
same as age 3. albhoevep areasndttrsi ziant itohne tr adi ti ona
foll ows

0 ct&pyxp Q°8 8
wher e
L.= | ength at age t;
lLpe= 249. 917 cm = theoretical maxi mum | engt h;
= 0.188gwyowth coefficilknts arsytmipe ot acesl-by wha
0.4217 (assumed July 1 as birthday, the first
is equal to zero

Ages Modeled

Ages from age 0 to the maxi mum age of 20 were
for all ol der ages (dynamics are simplified ir
the approximation of dynRenincax iwag ¢ dite aac ¢ henud «
number of f i G vienMnstanheend uid de., approximately 0. 15

remains by age 20.

WeightLength Relationship

A scexmbi ned emagitdhtr el ati onship wds usedmweoghbon
M) in kg (Kai 2007b). The relationship i s:

® pXxppymd?®
whewe s the weikghThiadsl evegngfttr el at i onshi p was a
and fixed).(Figure 2

Natural Mortality

Nat ur al Mpo wtaas!l iatsysu{mpedci bi bei age-fpesdietsd e samerst
for PBF were derniaMeysifsr comh airmhdtea ent esti mat o
hi story methods to repredséinltv g ueteena 8 eec RAIMA@IB ;a2d.uH
Thof age 0 fish was estimated from a tagging
Agsepecific Mwdrianaftiesed fi n t h®f oS angoed ed,f @l@s. 318.66
age 1, anffdom.2&%e yesand ol der f

Recruitment and Reproduction

PBF spawn throughout-Asguisnhy amddsadmmeent Apr ekl
Ocean as inferred from egg and | arvae coll ect
model , Sspawesumgdwas occur at the beginning of
Tanaka (2pPpee6é) fiagesti mates of the proportion
as 0.2 at age 3, 0.5 at age 42 faingthslsmEmesdt tag e
i mmatur e. Recruitment i s assumed to occur in
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A standard Bevereonuianmemtol telsdatoicknship (SR)
The expected re¢Yf)uiitsmean tf ufnocrt iyoendaf@ Y , s@m wes migméb

unfished equilibriYiva) spawrmsipregc i bbii @da)ssst eagpdn easns
estimated unf Rphed recruitment (
T "®"Y'YO 8
YYO6p Q Y'YOu Qp
Yx O T,

Annual recr uiftrrmoenm tt hdee vS RYt)ri edresst @ oensthii pat(ed fr on
and assumed to follow a nor mal di,sitm irmatturoal wl
space (Methot and Tayl or 2,0DbE¥,naMetzlest raercd uWettnz
from the expawnerent curve. The centr al tenden
deviations for deviating from zero was assun
Esti magf iiosn konfown t b be oOhéfpewnalized | ikeliho
Deriso 2003), so, apprbacht wasl ywsednitiwmg match t
the estimated recruitment deviations. A coup
numer i cnaaltley ae sdlnueSSofbased on Met hot and Tayl
was set to be 0.6 in the assessment model and
the model. Redlabl oweltyhéeé amgeel tosbmrptiiecthesazmaei

steepness.

A lboigas adjustmemy was tap ml if e-phocd W rome g2 001tBe) ( bt 9ob 3
assure unbiased esti mati oowad maelhoulese¢a@iptme !
procedure was$ hesedt toobaatsieah yoonf Met ho't and Tayl

mo d e | run was to estimate recruitment devi at |
adjusting awywsbiads.o Thd cul ated in the first
rect ment deyi,awhorcd avmd 0. 9. The assessment m

wobtained from the first runameTames ctlhoaste rdattoa t
informative about recruitmendi ddeivim altog@nsp and.

The steepnesscofiitment®t owdkatdeofmisihegp ds t he fr e
when the spawning $S$6S8ck etb@®o mRieesyviicu 2094 wdi es |
t hlattends to be poorly estimated due to the | ac
(Magnusson and Hil born 2007, Conn et al. 2010,
steepness abllkedwbéhestitme stock assessment m ¢
specified for relatively |l ow productivity sto
However, thmagsheée mamer e¢i se and bi asedecfioers .PBF
I ndependent estimates of steepness that incor
the species (lwata 2012, | mwaa et oahd DRD0O0923B)

asymptotic value of lp6ci fThedebddbr ®, 990 eepne¢ s
noted that these estimates were highly uncert
hi story stages.

Stock Structure
The model assumecdced stogkefwel PBF. eTheteoalsum
supported by the previous tagging and genetic

4
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Movement

PBF is a highly migratory species, with juven
WPO (Section 2.1.3). I n this assessmemitxedPBF
area, and spatial dynamics (imatlead) ngyermregnotn a
model ed. Al though the model was -pmroac esspsaitngaldfy
on which the assessment was b-gsead, twpepg &ndhe

cont ained spaedalr eianfagprpgamaesh ) (f IThi s-speepr biach
tiwmaryinganlde-haggsehd sel ectivity patterns separ a
approxi mate the changes in cohorts due to mov

Model Structure

Initial Conditions

When popul ations
make assumptions

exploited prior he or

e to t
out what occurred prior to
is Thes

r
b

often makessesgmpl i bmnis udaybreaunmi ct hpiesr iporde. € as s
a population in the initial year that is eith
estimated mortality rate infl uencesdt ibnya bd aet aa goe
specific deviations from equilibrium. Two appr
with the influence of equilibrium assumptions
start the dynami c mpelceds saasr yf atro baascsku men tth arte tar
to the dynamic period. Usual |l vy, this entails
extend backward in time and diminish in magni
ot heracahppirso to estimate (where possible) paran
Because of the significance (in both time and
assessment used the seconeéeqmetl h dbali Ues it dhimdaiti@en s
estimating 1) R1 offset, 2) initial fishing m
R1 offset was estimated to reflect the initia
been estimated $menthe. pTlreai egsi laistsreisum f i shi n
estimated because the i1initial equi l i brium in;
mortality. The estimation of the equilibrium I
cath taken from a stock for which removals a
recruitment and growth. Although this assessm
the total l' i kel i hood function foredewvliiabiingmf
freely estimated. Equilibrium Fs were estimat
Japaneaerde ddteet s3 f(orl eseetasBonsbelcause they repres
smal | fish, -yreceasrpsecti veméygt dTewi ations prior to
were estimated to adjust the equilibrium init
a nequilibrium initial age composition. The

equilibrium Fs | evel to an equilibri-amge.ge c
Then it applied the recruitment deviations fo
came from the size comp03|tt|)onlsn ftehrb geeanr ul &b eyceea
the number of estimated age in the initial a ¢
ages retained their eqU|I|b ifum | evel s. Becau
have | ess hien fbaramataidgnu,sttment was set to be zer

4
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Selectivity
Selectivity is the observation model process
dynami cssp&toiralnomodel s, this observation model
t he agnedarpopul ati on availability to the gear.
ar catches a fish of a given sizel/lage, and t
spatially avail abl e atra atbHRea cgiefant.s nonv etnheentc
ile fish cause tempor al variability 1in
ries catching migratory juvenbhsesed dkar e
ti-wartwigleg sene sel ecti vity was evsatriymantge da gteo
movement r-adareyi Tdhesaeaelsectoifort imesul ts in
comptairqe@ v a®e ldandet i,o whmadcdelhad advdriges dons
r pri(olrSQG4i,201bE4d £t04d 6

n
e
c
d

oo oT W —+~— —Q
QD —C »W D

Sso used a combinawvaogi ofanhle-baggtebppr 9 elesstkis
ata weightings to ensure goodness of fit
rs of fish since (198bl).evhlédm gleaner anwe,r ef |aebe
es of mi gratory ages, good quality of S
ed -wathnwingmeel ection (Leel gt-Gafei.s20dr5)ad
treait edaraisantti menl ess fishing piantvarrinasntc
tion were used (e.g., Fl eet 1). Fl eet s w
r aggregatedvwint h owi wieli grhtfsl. e dtes aol sg ar e

skereci fic selectivity was estimated by fitt
eets 7, 22412, 2660 whdse selectivity patterns we
sed mhl ahetgiof the silde odfhefisdsdlkecawgnptos( Td
were combined to Fleet 10, wher edwertdr encsti z
O estimate its selectivbsgrdaei oospoor/ec
nNng scheme. The size compbs22t2dbd wdatanbo
bl e but it was assumed that their select
| e ceteitv iltey wWadreaFll9WMe d et @ ct ed at only age

9 W cCcrR,roTT
S< o0 PPy ——
(]

o

eets with CPUE index (Fleeitwsvdri &nt amnmwi tlRi)n
me as appbapedate) ecéngnhpatterns to accoun
ture of their -nsiigzreatcoornyp oasg etsi ocnasu g(hmdo nbiysh hers «
awner s) r esukbteihnagv eidn neo dsei)n g Ifeu nwetlilonal f or ms
rves were used for the tCGPUE( Ifd gies tsi-sch Bdper dcehso)
oubl e nor mal curves) selection pattern was |
mpled from the entire population above a s
abilize paramet dhi estaismmumpti on was evaluate
di cated that the Taiwanese |l ongline fleet (
en an asymptotic selection was usecdcr{VrRidner
zes and | ife history parameters set an upper
s later removed in the53%3nSetecttpnapaltyseras
besdapgmed (mMaolubdwer veo¥) ahdr 6FI1 eet s

TS0V ETOVOL—~O0®NS T
TSSOt ocCcT O T

o o =
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FIl eets without CPUE wer e catneggoraitzoedd idngteoh f(daeg
spawners for FI3eedrsd 2f, | dé&t, s 1t9g k iamgl -52i fsdir oF | ama t
3, 4, 5, 8, 9, 10i viB8y-CiPAJE @f B re ed rsd t-falky rnagb &t g
ages was moidreV erdi ast stdidamesgeelhect i on patterns to

assuming that availability was temporally con
wi ah si ngbleeh aweeldl mode, functional forms of dou
for-ClPddie fleets taking fi s4andf-baaggegad as @lr ¢ c taigwist,
were estimated (Lee et al . a&galnsd .Il-bednsgetdhc seb e Ccit
patterns. The -pasedraefef nivine | e g talspdnpped | c
whil e -tahseedagscel ecti on esti mated sepawmatyengalf an

mi gratory abest hHewe®¥®O, ft eets (Fleets -13, 14
varyindpalsengtsiel| ecpoosdidldieertemciehen growth betyv
Because of the | arge number of parameters inv
and 9) did novariyich gusdeed & cheempd nment .

Catchability

Catchability (q) was estimated assuming that
vul nerabl e biomass/ numbers with a soakirngi mac
Vul nerabl e biomass/ nuwnlpercs fidepesred eoni anhep atlte
popul ati eelagreumber s

Likelihood Components

Observation error structure

The statisticalfinmo dneold eels trpiiamaatmeéest iebr aps-tbiylnelgiah 0 v e
val ue that consists of l i kel i hoods for dat a

components consisted of catch, CPUE indices,

observed t ot add caatlcohg ndoartnaa la sesrurnor di st ri buti on
was defined as models that did not remove >9¢
Fishery CPUE and recruitment deviations were
cmposition data assumed a multinomial error s

Weighting of the Data

Three types of weighti( Aigwwieghkt iuseg damaeao gtshlee mogo
(effective()Xs aweplgentamnidfpe )JCRUEhdat a.

Wei ghts given to catch data were S.E.=0.1 (in

relatively good precision to catches. Weights
acrossnyeassthe standar derzaunoer tmdidretl y pa mdl utc le:
was used. The wepgdbitsi gi gear t erffy eeomposi tion

ad hoc adaadi mmuphecbeve decisions about the qua
convertedSamplengthe3.were genseetalhbays dd w n <tlhbe

of welalsured samplings from the number4l)of hau
except for the |l ongline fleets. For Idngrene
avail able (number of t rniopts aovraill arbd iengycsa ¢ reatgpd e

rel attihwe atver age sample size and soahdartli deer
based on the number of fish sampl ed
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Model Diagnostics

Age Structured Production Model

Foll owing the proposal bg MNMgend&eruandr &€d nPr o
ASPM) dswe gpeeorsftoircmed t o evaluate i f the-catch
se model can paboudet hkee piompdidnnambbd omaddle pr
l ectivity spaese fmedeli.n K dhre tohaisse droalgn o swmaisc ,mi
fixing the selectivities-cafsealadfelhae¢ttdoi t o i
Si ze colnhmeanniutailonmr eccatvaetr memiot d @ e it h enaA SRIM t

ui t ment foll ows .t hTeh es tA0ScPkM roenclryu i & smteinma tceusr
meters such as the bodnefuuhifbshenc feshun
tial F) aobsemsaéefdh tamdy ttloe tldieusdahee (unt
ning stock biomass) an(d] atphaen ensoed eal n df i Ttasi waon
i ces; Slarte sSi3mi laanrd -deed)everand @ |h earbda sASPM, c a
i n

(
c
S
b
t
r
p
(
S
[
o form the popul ation sBgea&lren dame ntdh e fefafdaud

QST T DS DO

An ASPM with annual recruitment devciast moahasl sp
(ASFRRM, were also perbaddmedonhooévahbtatematf ohhe
which were stromeglcyui mpheredJbpandee troll CP
i mprove the fits to the tasduilmprioweéa cfeist.s Itfo tthhee
i's evidence that the recruitment i nndoedxe i sa ncdo n
provide good information on recruitment wvaria

Adequacy of fit

Fit to all/l
esti mates o
the residua
considered

yeval anttedhbyratsodofl i aput
ghts. Residual pl ots eval
ed weights in excess of
of lack of fit.

Or—ﬁ-

Retrospective anddirofiling analyses

Two diagnostics were performed to evalwuate tt
Retrospective analysis was performed on the
termi nal %yeear orfetdradsapect i ve eanmpalryasi s rveansd se vi anl

bi omass. Model wiwtalyo bt asi guoiufl idc dret comes i der ed
A |likelihood profile acrdsisi) twas popet atbooevat
data sources were providing inbDarmatomponengs$
a |l arge amount of information on population
popul ation scal ebeavats ashtamogleetde fwn a i tghe®bal scal
consistent with the information provided by t

positive diagnosti c.

Convergence Criteria

A model was not considered converged utnd ess t |
gl obal wa®ifmumt her examined by randomly pertur
by 10%r, anadnadrhlayngi ng t he or dgé miprad a mé $ epchaise s t lod
optimization of priikerl itho orde fcloempeomgmechsgnsdeuscd eekbdr e
as a quality control procedure to ensure that

4
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Sensitivity analysis

The effedt asfsumpd i ons t hat coul dc anscet nboed eil n cwoe
evaluated via sensitivity analysi s. I n each s
and thermondeb eramine effects onndleude etdh @ uamd
t o t hcoea shea sodfo dtehe f ol | owi ngs

9 Natural Mortality

1 Maturity

1 Steepness

1 Fit to the 2017 and 2018 size composition of Jpn Longline (F1)

1 No asymptotic parameter in the model

1 High and low discard catch

1 Dataweighting of sizecomposition data

1 Variation of recruitment (Sigma R)

Projections and Biological Reference Points

Projections

Projectcomd wwi eseéidnet et gnrealtes d nog ec ast iarsg usadfatgwar e
structured powulatiaomquaymnembgds or war bad #dd ech i 0
results of t he st oc k lacshsiensosknagwhati e 2a0@ldld, 550 L& i n g
Nakayama pThiad . s @fOtlvdsatroec hparsotviicd epsr o0 j sgpatriaame,t ewh i
uncertainty ofusstindokS Saongdaiscdanserrgt mo a € ¢ bootstra

foll owed by st olchhea stta sce smomuellatrieomlsi.cat es wer e
par ameter sd usiisnrhger$S daant a generated with par ame
expected values. The same error distrib ns

uti o

S ncenetdhiean esti mators of the SSB after 1990 f
point estimat es -cafs eS,Srbadlfiedl @dnc ® hibe @atais@em dfhe SSB
t ermi natt hagsesars samfent as wwealslaras (eldmkopada | etct alon 2

the projections reported in this report, the
i ndividual SSB calcul ated for each 300 boot st
based on the duiffmeenttifméuserres and adjuste

and point estimate.

Future recruitment i srecarnudiotnmheyn tr eessatmmpeh &tdensd d lym
replicates.prFeoagauthiao rsaarkiellypo § htv edf odu rtrheents plaown i
and the possible future tb& fetuue ttrhen riup ttomeh
rebuilding period (until the stock recovered
probawasitgsampled from rel at H1VO8I8y Kfow teder giel
rebuilding period (from the next year of the

of its probabilwaryanddnltyu rreenshderep lsid @ aflern@ams e s s me
(195®WLThis future r ecirsuictomesnitshtaesngtu mghihtdoho@ct i on s
frome Joint-l WCPECWECmeeting and adopted- by WC|
02)

Sever al altscenafvesbat vieveg ec asthohwdd Scmintda b b e

approxi mates the conservation and management

4
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WCPFcConvention ar e®02)( VdGRIF G AdiMiMilocnonavr ea (| ATTC
C B-01) . For the EPO commerci al fishery, since t
constant catch lhinghtl eovfe |3, a32000 4 aotenrsie nwad 26h@ Z2ne d i n
projection to cbBbasumbafeiadMPeOrtyh,e tghueo t masxsiumend R sl
20@R20D04 average | evel as the apepdoxnmahe oWCBEF C:
Scenari o 2 was examined to i nvestmegtawded whieclef f
t he stockd warsl ynalmymwgtehe catch control in the Wl

The Harvest Strategy prloATolsG dW& t(nlelVd@e dndgaidio p t &a
by WCPFC (Harve®G2) Sduiadedypr2d®djlégcti ons conduct
reduction options i f the projection results i
achieved or to provideiaklewmantasafonmaaitaeh i
achieving the initial ThebdWGdiahgot arcgetséedeed
har vest i nwhiscche nhaarvieosdi f ferent fraction or amo.l
and | arge PBF.

Acar distginwafrri@nsower e exami ned t o i nlveessst icgoantsee rtvha
management mdeppacesi whe alantccrhe alsiengiuti v asif e mtm f r a
the currentl Yvcepaddweireed elxiaimitnned to dasdesenth

frawtri amdurctatch | imits increment for PBF of |
smal |l PBF), an3d tkhgo saen dfedarh t RgBeF H dafh gteh iPsBFanal y si ¢
catch upper Iimits for small and | arge PBF wer
hawpossibility toesmfatlEeBF,bogihv esn ziteicgo hrAs $ti orne ¢ €Tl
catch ITimits and sewvecect icail cwyl fadre dt hase df iorh & h
mortality at age of6-2t08le o moeh é e e b ptdh a dyes adrsed h e2rC
cdl osed ypoAlssd)] ein order to be precaut iwintah y, f
hi gher catch -1% mias i(racresaeased sb st 03 e x h g Fsutk utdhae ¢
et al.ln2ad@)ti omentoi dmed avoevreari os, a future i
removals (no fishery) was also examined (scen
Note, though, that <current technical i mitati
search for a measabeéel wityhsachaasi cdmeasupesbto

As the performance measuP8F Wof peaovhdedr vaet ienx

to achieve each rebuilding target with 60% of
target at Its time | imit prescribed in the
probability of h$SB obeicrmad DbDeolwewtt lad, amyd teixmpe cd

future catch at certain year.

Biological Reference Points

Th&wCPFC has adopted the initial rebuil ding ta
1952 through 20 1)l dainndg ttheaer gsestc o(nH0 %XPIBF=0 unde
eir CMM prepar edNCbyantdhe ATAICn twlocAVE BoBn@H 90 Qg 0 ¢ |
ferenbawvpbhedamds maddpypt ed, the webbepbdi hged at g
r icoodusl)d be comrss isdand td ewiitnib @3 e@ednasesf erence poi
o]

h
e
e
robabilities of achieving those target.s cons

t
r
p
p
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Il n addition to t htesvec o nmntoenrl|ibym oultseeipesreedih e eepoenpoi
were cal caduitleidhr i(ult)e d P BM u rofniss i(wdn $ShEBR S dase
mo delwas used to charact(ezs)pawncongrpatewdoak s
useéad characteri ze duwr rheemrte,f iSSPhR nigs itnhtee ncsumul. a

that an average recruit i's expected to producd
current intensity, divided boyultdh eb ec unmuoldautcievde b
over its I|ifetime when unfished. As it was col
from different years when selectivity changes:s
potenti al rati ehanag al mesaes sir efyeorfenfce poi nts we
terminal year of 2018 assessment (2016 FY), t
hi storical years.
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5. STOCK ASSESSMENT MODELLING RESULTS

Model Convergence
Alelst i mated par amstee md dien twee eb,ahidl ht het henhbug

of the model was 0.00094deThei medealltdhvéad iaan@rew
matrix could be esti mattende8Bdebds owi ttihet me su
perturbations of inrdgiwds vadme sewindle pdea sfiorg, |
the best fitting model . Most runs that -stoppe
l' i kel i hood were ssenidas e i mofdietistuil Tds enadsck & lth ew absa ¢
basase ,moadn®IBWGh econsi derleidk eilty tcoo nhvaevregedas o a ¢
theraowasidence of further i mprosdéments on th

Model Diagnostics

Agestructured production model (ASPM) diagnostics
The ARPMgéner awétyhdi abundance indices for the

(Japanese Il ongline | ate and middl e pienrviookd sn)g,
pr ocveasrsi atriecm ui h me MRt . i(Fh giensdeil dta t o dphfaotc e s s e s
contr i bputoidnugcttiovi ty (growt h, natnglred lecmo-vi alyi t(

speci tviacr ytiinnge aptieabhenhi tygmezscrablepgf egpsaohn tihe

t hat |l ead &adulcthahipBlei si npgli cddscti on cemadelrogf e
information of (tumd iphrepuUBat nckeshzeo mas e | prio
the indices, tchaes eA Svwavt edesadtmebdaasre | peovped Isa toi fo nt hsec
although there are a difference i n (tHhieg-ersd i Sna

3 This result confirms that compositiomnaldatian a
dynami cs

Al t hough t heosnlogelt et ASPiblileequ auti ¢ ment i ndex (S4
amMSPMI recr uit menstpeddviiatdi oants | evel s that exac
i nd(eXSHRM i ndptrhoev emo d e | fits t-Be allhle iensdiicmeast e(dF
t rendBpeopful ati on-Rbywetrtee all SPoMitd ofselkh tmbdebk of

(FigOreThbose results indicate that th(asnhforrr
are consistent with thodd kefl yt lpe oot tder gdatai
recruitment variability

Likelihood Profiles on fixed legcaleUnfished Recruitment (log RO)

Results of the profile ofa troaffgea« aafdl cg@gMRON efnd r
case model ared4d siRewmtiiveFil gkreei Hhood values re
fit (for e acghat ¢ elmiplolexdegnti g o dn ef or each profile
component -hefgatiieotdogcross profiles). A rela

t hekata component was the most conkslilstleink e lwiihtd
comments showed besuwalfuietss oda e RInvaegr(tygreegndmitlyarof

deviations), faltl beemBiapéd®n GERBIEIs combianPe.dd 551 z e
The estimaferot-bbsdae®dp@Fi5dd4ar L) 5.

Bot h si zesacnodnploPsUE icoocmmponents showed informatdi
away from t @etdeahtne nirrelamh.ed as a | i kel i hood com

4
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t her adfi @mhteat ch ¢ ovaponmoittor mat i v g ( Rib¢oeucdtr ui t ment
compoxnteomwed a stomntghe rolffo wesgiddRed c h i s reasonab

recruitment wvariabil i toyf irse cerixup etsnpeenctishiise d hle o we
t htattlei k e Iciohesd bnomi buti ons of ti me &aredimrcst otfhe
penalty applied to the difference between the
| og oOftw&Bntoht i ntghoeb bat areidabi |l ity of recruitment

than assumed recr uiGRmen)t0 . \Gborw eavbarl ti it wi t(yf i xwens
alternati velRasosumpti ehewofignificandtdasleddler en
(seensé&ct3ibB) .and 5.

osition dawatbuamabhbe Ffhdetes (Japanese |
rollleef F and Tai wanese | ongl iFiInee §ihnd d& )hteh es ol uatrhg
mpact on thd Fli gg¢ &®JMNhper odd mpeo si hreeosnt doaft at hfer of
er
It

0
o
3
—O

d esfaport@ame el og( ROT)hiess tiismaetxipoenc.t ed as f | eet
usvargy itngnewteil ekt i @d teqcd d i tnif & hget odiarl os c al e.

Most of the abund@amadcuddndgricdelpata hadweamdd al ue of
9.i5ndi ccaotnisngt ent estimates of popul ation scal
(Tai wanese |l onglineds cuwutt ke df ias lgirrag ug@arl oumMp) ov em
asog(dRX) d&s gdi(r @) 5.

Given the compl exilteytofs tRrBW&ESt heioal soludseass e hreo d e |
to have a desi riarbtleer pmalolpyerdognoifstben nFQureiglae dinom g
t henwant ed icnofmpuoesni ct@noatf hdea tpao p u | baeteino nr esacsaol nea bHh a
handdld&eemonstrated by relative | i kel i hoboadseval ue
model e sltoignfartOe) .o f

Goodnesof-fit to Abundance Indices

Predicted and observed abundance -¢cagse cecddlsea
shown i nb5 FiTdhwer e i s were generally within 95%
particul-anset mevdebbys énietl | to the S2redhklydaman
mi ddl e periods), and S4 (Jspamredort r( RIMSE) i rbdil
observed and predicted abundance indices for
was the input CVs for these indices.

The modedwedll s a of itthhen dfXaemanldesgd i ne f orantdhe | a
Tai wanese | ovid@lhi3mle aCRIUMs. 24 of TRE S E$hBeBW@ s pect i
considered the data and model structure to 7
popul ation abundance.

Goodnes®f-fit to Sizecompositions

Thrasamedel fits thegagggdgrzeganoadk sby nf idaheary and
6and T-4b.l| efviereafgesct i ve esfa,npelget i smaztees oéfx ptelce emdo d
preciagsgeeméet arbgr than the ayienrdaigceatiinpgu tmosrampplr
the assessment model for those data than were
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Annual ressd,uad,s amd Flewere substantially dec
by estimating theofeltlketdoublyenohaetthehbbabhmbdael
e. i me DFog¥WhAd thhough t he aggeregradleldyt Hgd ad we a
residual pl estes,.Fdoetsamei hdeeat.e Istomehawelgd elee orl
fl eets wistshum@RiUMy atriimeent swhiechi extabpeamnivat @dni s f i
to composition da®BFWGCotmed htolsies fae®ed ssullject |
seci.on

I n general , ctalse aordreée nt whake dsngeenairpf oi rca tseedl edcetti
spati al and tempor al (seasonal) variation of
composition dat a.

Retrospective Analysis

The retrospect isvneablaphear |syossi-asainstth ® vae €l tdaer onfi nal S SB
The pattern cdieman deck nwiqtu pBadprutnDains epatt ern
result of the retrpsesmpreicdghh mel e t(M60dl 0 ambaimidrag ca
The retrospective aanuwl sytsd rst idaild opnaotit eed end noef & t cavge

recruitment for the relk2e0nlt7 1d0Oa ttae rpnoiinnatl -Owheeanr st
index was natrbé8bhyai Mabkes(UBgiggst edhenhaest hemat es
i nfor med-Oby ntdleex dgem Japanese troll fishery,

and those by the composition data is consiste
The PB&FEWGc!| uvade dt hteh retrospective didmodel sho\
mi sspecification.

Model Parameter Estimates

Recruitment Deviations

A Bev-Blotbnrelationship based on a steepsess Vv
model , andestockmamtd pl ots -@r el her eessan tnead eidn r |
deviations were relatively precise after 1990
dat a. The reced0l1l8@woofyetbhe (26d4ddi turemndr tdaeivn tay
because of redutc dods eyrefaavio nalthaesesreisa b i | i ty of r
devi giRiionn st he b as2e08léR s== O g bL&O¥5e3 b ut tsHa ng ha sl syu nheoc
recruitmenliR w3 i &si Itihteyske@pvaheesesaimated popul

recruitment would not be substantially affect
Selectivity

The estimat ed seealtehceteitv ift-oym sceuhrencelsa sheyar e -1 hown |
andll5 | modké, a combi nat iboars eadf -beasdteidngasteie meg tli eom

applied for Fleets 2, 3, baskd 6l &@ctdpns0wet
asympt ot isch agwehddlodnaea gel sel ecti ons hwage. edemmat
vari at i onbsasiend tsheel eacgtel vity were captured for F

the fleets widblasedtismaeedi Vehygt i FIl eesthsaple,d 13
patterns were estiwat lrads yenxpcteoptti cf opratRleaent. I1AZnor
tempor al variations wer e cAapctoumbei dn aftoiro nF loefe tasg ¢
selection i s usheed-sgpeeacciofmigstaeadt Xei cntaitvei ty as wel | a
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t emposa@aasonal ) wvar.i althiiosn mond ealvianigl aabpiplriotayc h i s
increased number of phxt@8mes es smerstt.i manetdosal
parameters wer e -ceasstel maotdeedl .i n t he base

n genengitdr tbgeesddk sel ectiadiltoywi emfgr i hgf keé ks
ndi cated gradual/ distinct chan@eodhfgpheltectliaa
olfdsh (-®agdldé 5 n particul ar ,e tbheee nl amogreer a(voalic
ecenft oyleeaerts 3, 5, 10, 14, and 15.

—_— o~ —

Stock Assessment Results

Total and Spawning Stock Biomass

The -base phmoadecdsedomgnaeadihas were vernyhosendgirntment
previ ous oasege gshme rytear P rhb odahfyfcavvécamr ®dls mdhes of

ar ot hpge a ktshle9® 0s and 1990s. Point estimates of
case model-tehowédulco g tainan B Dakleegbny ©6f ombaut
33,000 t in 1983 to a high tooft ad b osutte ©ZOv@b, dOoOnda st
gradualsimce e2a® @9, yaotridbeeraerntt jtcBuelyaeranicsr eaams e of y .
fish yO@ars &L3W) (Figure

Spawning stock biomass ( StS&Br)m efsltw lartact betsi €ar csoon sei:
with that of (&1 gilR2é tEsctki nbaitoensa sosf SSB at t he
(ApJune) in the ff-19%56G) fofvetlyeeaass sl9me&nt peri ¢
86, O(0Tlabt2)e The highest SSB of apwmhutl el 561,e0 00 we s
of about 11,000 t occurred i nndOHhiOghesnt tlheev ell9
63,000 t in 1995 and declined until 2010. Sin
i ncrease, &antdertnnien ad& Bt eoaimatveads t o be about 28, 0
The quadratic approxumatiiom dto tthe ¢l kedli hmionm
matri x, i ndi soaft eSISB heastt itnhaet eV was af20u®B, 1 2a%do
16% f or TReABagle f OMEIZHM9 was ,abaonuti n3c8%® ase i n
due t o a draetdau citni otnhei nf iirst half of the model
The unfishgkgdw8SBecEEBated by extrapolating th
under the equilibrium assamp3id®nmilloi dre faibohul
rati os of SeBsSB8B8s ment period ranged from 1. 7%
a trough in the most recent year (2010),and t e
and 4. 5%o0fr @ hppee StSiBvel y.

Recruitment
Recruit mMenfti sthagoen July 1st) estimates fluctua:

were al most identical wsthooalper 29 18c asrsreesds miem
million fish),afRd0oZoq@e 3( 21 .m3 | rhii lolni) ornt)s, oacncdu rnroec
in 2005 (15.3 million), 2010 (1. 2a2nmi BAEigamke, 5

The average =estimated recruitment was appr ox
assessment -20dB8i)od Thr92R2DLdmanttls2®@&Berestiumat ed
l ow (3.8 and 4.7 million fish, respectivel y)

5
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(9.9 mi hbbsecenn fbhieslthoow t he hi smogstecaht aveoageat v
2018) wrere6. dbwend 4.7 millavemnafgiesh, respecti ve
It should be noted that the 2017 and 2018 rec!i
to other more r ecelrhte ra/dsi wmiattheefl A ¥ ocas dich &tt& )y e a
were 17% and 28%, respectitvheolsye rTehcer thii tgrhe nutn elr
by I imited dat a. |l mportantly, there —cilaasao r
Recruitment eelsktasmsatperseonMesree at t heundtidOitthées as
(average CV = 25%) manxdi nbuent aOne =moddder at el y pr e
(average CV = 21%, maxi mbms €4 r=eicirdfspxomemethe C
Japanese troll fishery became available. Aftel
t heir precision (average CV = 9%) due to the
fisheries that began in 1994,

Catch at Age

Thatebhmber of PBF at each age was estimated ir
on the growth assumption, observed catch, and
Becatuhseer e was a bamodnf f ef eionofreaptbi soint haevma i | abl e |

after 19949t hWerigguusecgBr ¢at ety in the estitmat ed c
early 1990s.

catches were predomi méa2el Fitdpbimpots@rdi od | 1j y,
i matedofmumbeh caught showed a fluctuati on
9 to a high of about 4 million -Lb¥h How&9 @éa8
e ear |l ¥y h21090900ss, ttoh e-0c B¢ h nhaarlse aasgeed si gni f i
sequently the estimated mambert né aAVvehagaeauod

Af ttehre managementhrimd@s us(W@PRBE&di n 2011 and | ATT
cat chhmumber of f i sels sd & chraena sZzodnam OF alge . f T kB C I
management measur28NVPWCRARFRCCCR@BIUsOD L ut iwhhm ch wer
strengt htelBe@d 5scatendar year, thhhewmenbmai nft af nebt
1.5 milolmwer &g es.h

Fishing Mortality at Age
Throughout the
hi gher than t

toc-ROA8kpeskimghit ayemaed@ER mielrdes 2
hose f or3)a.geT h3e aaavdgeeroalgded vl FIndg h 1 0 9
was 1. 1Fl . a@g®@hjalBed 3 were 0. 49, 0.61, amdhagk. 21,
4dand dudéng the same ptehrei onda nwaagse rdb.liftRemMd@iseunr e
introduced in 2011s02f deltir @@ s#pWH d&h igtuly ef danager
measures werien s2alrledntgh dare newWbstFast nbbed@®@.de ane al

Fishery Impact

Thamul at i vd hiempa dtf ecfermtin ft ihebhBSiBegevapeated by
the population dynamics whi | ec arseemonvoi dnegl e(aWahn gf
200Fi gorr&@howeldi st orical fi sheRBE&nn(dwatcit o omf tthies
i mact within each fishery group.
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Hi storically, the WPO coast al fisheries group
since about ,tthhee WP Ipurls®9 Gsei ne fi she¥rly dirasup
had a greater i mpact and the effect of this g

groups. The 1 mpact of t he EPO £1i9s8h0esr,iiedsg cg recau

significantly thereafter. The WPO | ongline fi
throughout the analysis period because the ir
number and size of the fiimch a aluigdhht rbwymbkeerc ho ff |
fish can have a greater i mpact on future spaw
| arger mature fish. The i mpact of discards 1is

on observed dat a.

Biological Reference Points

Tkebase case results show ioi¢stc-hAtalse 4psbi%@ howsti m
t hkeobe (Fliapti Y e t her agrhadleadleiemr $ 8B | puled | tolwe

i ni(tel.ad WE8Buitladiigrédgd f i shi dgcmonedlriecyf OmdéGs t

20 1t8F1a%nswehi ch is still @a@ommgoheéemb asaced er eacempo i
excepdndoudsprl ab3).e

Curraenfetiyl di ngo rmesapseusw bei s€ ihcel suvwdo r e c o vaenraly ptraer get
agreedwiH@GR certaanecattWEBFCmHB2 P @Ghd t he conse

advice based on the stock statwus for this sp
bi ol ogifeem¢ e point estimations for given past
with the future stock status such as the prob

(I1sSsC 2018; -LBTTE@28AG009

Note that a cfoimphirn-lome mthal mfsgr ence points ma
the stock is subject to rebuilding measures i
mortality should be interpreted i n t htearcgoenttse x |
in the defined time period.

Sensitivity Analysis

Natural Mortality

Al t hougts ptelte fage M used in the assessment i s Lk
uncertai nvtaylfuoen o heéem™M fi sh. Sensihtgmitwgrr 0hyg t
10%)adger 2 awed eolrduenr. s Thveede remscse i n the first

of SSB (18, glathee D er mi nal SSB was not af fected
scenari os. The PBF WGt e chhaultlaevde dt haast cktixlipée eciot aesde

assumptions for natur al mortality.
Maturity
The -sapgeeci fi ¢c maturation rates assumed in the

uncertai hwy @&Ixtissetnsaittiiviei ty r uwhs awe uenietdfomduct e
mat ur at i4dof eatr | a @er mfaattludrraattiioonn) at age ClhOa n(gleast e r
the maturity schedul e di dnengoat ilavf é elicad onodpe | of i &
dynami gdot(ad. ¢p.i omass, recruitment, fishieng mor
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modeFi gdR¢ Hhowever, since a fraction oif.,,d.he m
SSB) is affected by the change in maturity scft
|l ewelaéd fected by those chamrmge 0.f dHxBfasisaaeniitheea |a g
year was slightly ineldinehd tthoe yeoquunigeirbragen !
maturity schedule resulted (habd).EhiwerbelkrpVicdrn
expected as t herreedrsuinto rsdlratnigo mpliwneand t here
schediunmeaer iplry affect Hdow SSB is summari ze
Steepness

I n the past st&hkbearsaals ea sEpedsed mepsinsse nsi ti ve t o ct
assumed | evel Smal st ebpnges in the smpeooinfi ed
positive deAf isnertsee aisdmtifadvaltsy wer e run assuming
steepness. Although the issue of steepresss se
all ow for mo d el convergence at |l ower | evel s
(Fi g2r0e saeh®Jhbe PBFWG does not consider this se
of a model structure issuerefhétgaovpl adaoti da
assumption of steepness val weerlynsoawade)] aheve:
and the mouwredd itso fexielhcau rnr edratt aa susnudneprt i on .

Fit to the 2017 and 2018ze compositiomf Jpn Longline (F1)

The composi tiimnZ&loMmt Rl emets atnplsé sl Velry fi sh. At

the assdssvasntunknown why these unusual obseryv
a change in fishery practices due to an unexp
effects of the recentdammanagemeénti hemsashedee n 1t M
A sensitivity run was conductédctbhatomnof udaé:d
mini mally impacted the fit to the | ofdgliigme eCP
522) Thec absaes eno d e | i & hienoctl usse nosni/teixvcd utsa on of th

No asymptotic parameter in the model

Tai wanese |l ongline operating in the south fi:
having an aslyanpeadts €l ¢ etacgatshe ymb heélebte dhase cat
| argest fi sh, but forcing an asymptotic selec

was comadlowedgnrsdharp eablassregdt ls el ect i Vlihtiy fscermn stittda
model esti mat ed hats eMaesc tniecanr Ispjamatdeamp tp@tpiud ,at wiotr
t o t he (bFaisgetlr8easa®®&l) be model was al so able to co
structur alTh8Wa mp ¢ reatnhdaetr tchaes eb arsoed e | t® @motd se
dose not require an asymptotic selection patter
effects in the model

High andLow Discard catch

Recent management measures may have created d
di scdr dnjtitheed -chaassee mo d e | assumed discard | evels
|l evel s are not well Kknown t hus senwsi tdhoeurbtlye r ut
the assumeéModall ureul ts were neamiy hi deret incoadle
to predict the cédFclhg@88piTh itsh @ edsiusectaaruh ef dgiepte at
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i ssuesnl grreencyetetde sSPBWGhe& oncl uded t hat wuncertaint
not I mpordases dmentchomenf taomhtiuBBbur e assessment

Data-weighting ofSze composition data

Because of the | arge number of fleets with col
A sensiti vailttye rweaing lwtei mgwwhiwehghting the size
Fl eet 13 (EPO conneerrlecyi agfva sfiiasdn)ed yc ti end . This f1
becausd oiwerhahdaramoni ¢ mean val ue of tthleep etstt e dna
sample $hmgdcdanot substantially affeacn t he
recruitmef@dp. (ARl ghoegh the fits to the abundan
the down weightingamedenodehanthkeke dbédserence
negat i-lviek ¢ loighood by aggregated for al/l i ndi ces
fit to the siZlehnPBFMGoact udeddetbar tkhkesults we
sensitive to the alternati vred hg s uuospaenieo hnmeetfh orde
with the 20HBweaewere,s somemtti.nued research into de

Variation of recruitment$igma R

The value of the OR¢gnhlasyioplieatiuonmemoor( many
dynamics. Al though this parameter is not esti
close to the observed | evel. Sieqisart i anRil y | o we
bet weednd.)O0 These al t erdnat invoet aasfsfuentptt isounbsst ant
recru({ Emédbfe Assumpti onliRt hfant hdeeditb gfs elh GWe d

hi gher nt¢g&teilVvdrdedg ecr ui t mexhAs spuemmpat!litoyn s( Taafb | teh
OR showenled atwitv &k elsb direcd ui t ment hpe babsuety craelsaunl t e
i nhncr easnesgaitnl vtédhedl o dhoods i n et zer coommmppaenemnton) (
t he | oweesgta ttiloitldddéh mgd was t dseinmilRr awead bukeé base c a:
( Tabd4eend Fi2gpuirthee PBFWG concluded that the curr
parameter near the observed | evel i's still th

6. FUTURE PROJECTION

The WCPFC and | ATTC d e fpion end tdhett iwhededad0 12 S R s
the initial?anreduld%b-afy $ABgsecond Theb PIBIFANGn g

evaluates rebuilding to these targets from t
Si mul-baatsieodn pr oj ecti ons. | anhhiabsdbsoto ttekeadarptn p r o«
of $®Bativecaset pei bas esAlitnhaotueg hwatsh en oatcetdu.a | Cc
bet weema ppaaisret asti mheemedi an of thebpa®jtelcéi o]
SSB at the terminal year o(fi .aes.s,e stshmeend n fafse rweetl c
estimates pr o] eatseed nforderh tamed kahsce bootad rap
descr iFuekdt dazg @2 0Ddalcal cul ate the probability of

speci fic ,titnheeemeS 8 joedsst i tmnhaet eme chireens of the 6, 0C

2 The calculation of the initial rebuilding target from the base case model includes point estimates of SSB
during 1950s1970s, which are more uncertain due to the paucity of data prior to 1990 (Fijure 3

SThe second rebuil di nBgoutnadregre ta vdeerfaignee dr eacsr ufi 2t0MeNS 0 by
Strategy is conceptually different from the RO based (expected recruitment at unfished biomass) which has been
done by the PBFWG, although two estimates were close.



calcul ated for each 300 bootstra
di fferent future(atteui athpostinm
esti mat esd asy dreuskcurdiabeet al . 2020)

P
e

Tallb-& ar2d sbummari ze the resul teaafcthr htalrev efsti i
recruitme@andspeodpiridd abhihleirtexover expadgti edud su,r e
respectivel y. Seerncdurgiroe nt arpapracye migadit d ene A isgh @€ s t
prospect of alelbevenxy mamendgfsardhrearzieaoso e xecnmeoptal s

(scenario 15fJrocmeeaapin ogeatsithaoiweidncr adeeli mnMfe SSE
fi smongal ity Feepor eas sSIB ahsi g hley 2(0F3 450 B%E S B
probia@dl acthi eving the initi{aablhe dBidsgpoesnadd ¢ e b u |
the | evels prescribed (hHh5%ha&n ®WORBG aiH@ar 1&s ty e@tr
achieving init.Fabp@&ade bswil ladyipreg hteadr gats)pe oy eicmme ac
SSB under the continuati onl npfacel tfrodrnts hiesa ya ge 1
expectledreadbe seoa¥kbespercteantt @mlgleerof I mpact wi
fi sherygemeumlwtyh rcooungsht atnhte @lirtoh ecy & &b memad ¢ d,

c hanigeagh a Dipf f er ent manageeunled t h M\ee&a‘s‘cbrtﬁifsfeutemrte

i mpa, pawhieault&are distribution of IisahtamflelEet wee
fisherpl omphtédme viessscteinrhge V o8 d sccabnd @ iindgb ple nd i X

1.

For al |l the examined stcheeeari ex,pechedpt ob alkcihli
rebui |l di ngnotr®r gpetth ane sehergprsaj ¢ dthigo R2OA4AB assess
This is due tommatger RPBMRbat shthéefe btasoemticraishbeu tyiermma
to armprd growth of population by i290 2ex p Ad tt ed
moder ate due t o atslsaimMR2avwi2w 2C.r uAfttmemt 2025, t he
gr ow agapirno jdeucet iitoogs aa s ®d mrenr nt oa vae rlaogneg 20€2clr.ui t m

All scenarproecbalitlistf yedqfhier edublydit hg Harvest St
70% for the initial rebuil ding targetTRhad mor
projection results i ndicattdec athcant lainmiatd d(i S d eomaar

| ower probabilseyodddhyyrteBade hainndga rtehbewe t dbit omass
(Tablamd6 FiBgurlt 6iisntgwatt Al hot he s c & hraercirousi tenxeanmti
assumapg i ghryvetnhe WCPFC ponodespdcteadat 888 by 2034
30% 0§#-=0SSB

The resul t st @4, swheincahr ilbasver di fferentommactdi on
and | arge PBF, conf ntghne tchaattc hmeoafs usrneasl Ir efsitsrhi cts
on | anage rfeibaah | diTagplYhé st ock

Under theeaveirtamgent condition with zero remo
acehied the second rebuilding targéfTabye&®d® 2 f
Figud)e T6hi s scenari o points to the potesmmmalyp

i n tahlelcenari os explored, tbei probabilrietbyui bfli
estimated to be above the | gwealdepraeneasradely i
RFMOs joint working group. The prospect of r
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l evel) tricter catch management measur e

7. MAJOR UNRESOLVED OR FUTURE ISSUES

This section highlights a selection of t he m
adequraegdlyve or anticipate i n this assessment
future assessments. THhHins |luisstvei 4 irsdt. meant to

The proliferation of fleets, parameters and model convergence

The number amfd ¢ ofwrstewiiinegs f or PBF combined with
of the pogubapsomasgeesulted in a prol6i ferat
assessment. This increase in fleets is reinfo
evatlewmai ndi vi dual fishery i mpacts. Matching the

requires a combi nathiasredo famad®tdigeetliercg i loen g tTh i
selection pattern -aseasmadddle claaitsiea Igimlaiat yw n chog@ pe
selection apply. This has greatl waidedrhae &as dd etr

expected to continue as more years are includ
that the model its dowver spaer d het @nitzead i ail for c
future. I n preparation for this potentiality,
t he model t hat mai ntains the worKking wdrleeupobs
l imits issues associated with composition mis

Fisheries with a strong modal distribution of length

Severalwifibbberved | ength desmpeEirtciaces i inndiet &1tc
first few sizes takdan.viGiyvemurtrlreemtp agr aammeetdr, i @ ag
describing the ascending | imb of selectivity
selectivity is changing rapidly within a sin
alternatioteurmoderl tsheg udata preparation (e.g.,
i ssue i s somewhalts tdhleasteegpobwbo |l iyssméeé or med par am
i ssues.

CPUE and size composition data for key longline indices

The current assessment arballnidesnceéen i ndpcésvsagl i a
changes in abundance of | arge mature PBF. T c
potentially change the avail abanaltysiod Hhad fmm:q
on seasonal and aresaees skEXxgtiRenoddn.tt hosmp deddeteit an
that even with these data analysis considerat
an i nfmémixgrodntssamvddesioze compositions and CP
ohemi gramdnal hesmdemay r épyreesanstpsawmwe hi s fl eet
popul ation rebuil ds aobromseend ddoantadd pnrivegisat m detsh pdtrh a t
to remove. Further work needs -get thien gc oannddu crt ee:
analysis are able to maintain that the obser
abundance with a consistentspatleaporait ynmopet i
already being conducted and may represent one
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Unseen mortality or discards

Management measures enacted over the |l ast 5 vy
juvenile age cl asses. More restrictive manage
in | ocal abundanicercmaygs édtc hlelsauhierdignggb i mnwant ed
sized PBE working group attempted to deal wi t

unseent gl ibttmeegsni tude is poorly wunderstood. De |
of this umacrteonhif ssih®slyess pr ompaey | yotuerteir alt loy dw
strong relationship between observed catches,

predict changes in abundance of fisheshetaken
backbone of the current assessment and has al
predictions. Measures to either account for ¢t}

Bootstrapping bias

Stock assessmemul aepdi categ wheeparametri c booc
in the futiumeompderj etcd i @Ocsounds $§ ®gtsatrdumeit neanl d eyretaari
recruit mentThees tdiinsattreisb ut i oss hoofvaptdhse tbhi ovoet sbtiraasp pce
to the point esdasmatmeddlr om nhe thlrass el 980s. Al

was not identified, thhescbmeshwdsbyorndeaosedng:
the median fut ure aS*B noedtew e eamn dt hbecaot jpsrtorpar pi art eepnl ¢
of t-heloiaals c amertdmotdd opot enti al I mpacts on the

achieving theisaethbuddmrdp Ingt.dlayhgernvaoerrksitrogppdgr oup s
tovesnti gate the source of the bias.
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Tablle. 1 Defi nidaloenn doafr year,
assessment

Fishing year 2016 2017 2018 2019
Season Seasonii Season 2 ESeasoniiSeason Season| Season?2 [Season%Season Seasonl Season 2 | Season Season Season:? Season 2

SSBin SSBin SSBin

SSB 2016 2017 2018

ggy ofbirthin Birthday of 2016 yr clas Birthday of 2017 yr clas Birthday of 2018 yr clas Birthday of 2019 yr clas
Recruitment Recruitment in 2016 Recruitment in 2017 Recruitment in 2018 Recruitment in 2019

Year class 2016 yr class 2017 yr class 2018 yr class 2019 yr class

Calender year 2016 2017 2018 2019

Month 789 10 11 12{1 2 3 456 7 89 10 11 12{1 2 3 456 7 8 9 10 11 12{1 2 3 4 56 7 8 9 10 11 12
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Tablle. 2 Agkengeihght relation derigedwfhomut e
| engeéihght rel ationship u$kdnhnuas t)besitéoaccka fai sss ebsl s
Age Length(cm) Lt+SD Lt-SD Weight (kg)

0 19.1 24.1 14.0 0.2

1 58.6 68.9 48.3 4.4

2 91.4 100.9 81.9 16.1
3 118.6 1239 1133 34.5
4 1411 147.4 1348 58.4
5 159.7 166.9 152.6 85.2
6 175.2 183.0 167.4 112.8
7 188.0 196.4 179.6 139.8
8 198.6 207.4  189.8 165.1
9 207.4 216.6  198.2 188.4
10 214.7 2242 205.1 209.2
11 220.7 230.5 210.9 227.6
12 225.7 2358 215.7 243.6
13 229.9 240.1  219.7 257.5
14 233.3 243.7  222.9 269.3
15 236.2 246.6  225.7 279.5
16 238.5 249.1  227.9 288.0
17 240.5 251.1 2298 295.3
18 242.1 2528 2313 301.4
19 243.4 2542 232.6 306.5
20 245.7 256.6  234.8 315.1
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Tablle. 3Definition sdafocfkl eaestsse sismtmetnht e Tohfu nPnaucsi fo.rci ebnl tuaelfiisn t una
Fleet # Fleet name lér:icor: - Gears included AbLiJnndd;(nce
Representative component Component 2 Component 3 Component 4
Fleet 1 JPLL Weight | JP Longline (1952-1992) JP Longline (1993-2018, Season 4) S1, s2, S3
Fleet 2 | JSPPS (Seasl, 3, 4) Weight | JP SPPS (Season 1, 3, 4)
Fleet 3 KROLPS Weight | KR OLPS KR Trawl** KR Setnet KR Troll™ si10
Fleet 4 JPTPSJS Weight | JP TPSJS TW PS#
Fleet 5 JPTPSPO Weight | JP TPSPO
Fleet 6 JPTroll (Seas2-4) | Weight | JP Troll (Season 2-4) S4, si11
Fleet 7 JPPL Weight | JP Pole-and-Line JP Driftnet*3 TW Driftnet*® TW Others#*
Fleet 8 | JPSetNet (Seas1-3) Weight | JP Setnet (Season 1-3) JP Miscellaneous (Season 1-3)
Fleet 9 JPSetNet (Seas4)| Weight | JP Setnet (Season 4) JP Miscellaneous (Season 4)
Fleet 10| JPSetNet_HK_AM | Weight | JP Setnet in Hokkaido and Aomagri
Fleet 11 JPOthers Weight | JP Handline & Tsugaru Longline | JP Trawl JP OtherLL
Fleet 12 TWLL (South) Weight | TW Longline (South area) Out of ISC members (NZ, AU, etcd)* S5, S6, S9
Fleet 13| USCOMM (-2001) Weight | US Commercial Fisheries (PS, Others) Mex Commercial Fisheries (PS, Others)
Fleet 14| MEXCOMM (2002-) | Weight | Mex Commercial Fisheries (PS, Other$)US Commercial Fisheries (PS, Others)
Fleet 15 EPOSP Number | US Recreational Fisheries (2014
Fleet 16 JPTroll4dPen Number | JP Troll for Farming
Fleet 17 TWLL (North) Weight |TW Longline (North area) S7, S8
Fleet 18 JPSPPS (Seas2)| Weight |JP SPPS (Season 2)
Fleet 19 JPTroll (Seasl) Weight |JP Troll (Season 1) S12
Fleet 20 JSPPS Pen Weight |JSPPS for Farming
Fleet 21 Unaccognted Weight E_)isca_rd amount for JPN and KOH
mortality fisheries
Fleet 22 Unaccognted Number |Discard amount for JIPN
mortality
Fleet 23 JPLL (Seas1-3) Weight | JP Longline(1993-)
Fleet 24 EPOSP_early Number | US Recreational Fisheries (-2013
Fleet 25 mg?t:ﬁg,o#]né?:do Number Eiizr(:::ic;:mount for US Recreatio

*1 Catch for KRean Trawl, KRean Setnet and KRean Trollmrkeided in the input data until the 2020 stock assessment.
*2 Annual catches for Taiwanese PS are put into the Season 1 in the input data.

*3 Annual catches for Japanese and Taiwanese Driftnets are put into the Season 1 in the input data.

*4 Annual catches for Japanese and Taiwanese Others are put into the Season 4 in the input data.
*5 Annual catches of out of ISC PBFWG members are put into Season 1 in the input data.
Note: Seasons follow the fishing year.
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i C

bThiwerdnuws tyaumdasetnd red § s( i n

calendar-29¢a8r 1952
Japan (JP)
Ca\l(:?a Purse Seine Dist. & Off. Longline Coas.tal Trol? Poke and Lt Set Net Others Sub
TunaPS  Smal PS NP Longline Total
1952 7,680 2,694 9 667 2,198 2,145 1,700 17,094
1953 5,570 3,040 8 1472 3,052 2,335 160 15,63
1954 5,366 3,088 28 1,656 3,044 5,579 264 19,021
1955 14,016 2,951 17 1,507 2,841 3,256 1,153 25,739
1956 20,979 2,672 238 1,763 4,060 4,170 385 34,264
1957 18,147 1,685 48 2,392 1,795 2,822 414 27,304
1958 8,586 818 25 1,497 2,337 1,187 215 14,664
1959 9,996 3,136 565 736 586 1575 167 16,76(
1960 10,541 5,910 193 1,885 600 2,032 369 21,531
1961 9,124 6,364 427 3,193 662 2,710 599 23,079
1962 10,657 5,769 413 1,683 747 2,545 293 22,107
1963 9,786 6,077 449 2,542 1,256 2,797 294 23,201
1964 8,973 3,140 114 2,784 1,037 1,475 1,884 19,404
1965 11,496 2,569 194 1,963 831 2,121 1,104 20,284
1966 10,082 1,370 174 1,614 613 1,261 129 15,244
1967 6,462 878 44 3,273 1,210 2,603 302 14,777
1968 9,268 500 7 1,568 983 3,058 217 15,601
1969 3,236 313 20 565 2,219 721 2,187 195 9,456
1970 2,907 181 11 426 1,198 723 1,779 224 7,449
1971 3,721 280 51 417 1,492 938 1,555 317 8,779
1972 4,212 107 27 405 842 944 1,107 197 7,840
1973 2,266 110 63 728 2,108 526 2,351 634 8,789
1974 4,106 108 43 1,069 1,656 1,192 6,019 754 14,944
1975 4,491 215 41 846 1,031 1,401 2,433 808 11,26
1976 2,148 87 83 233 830 1,082 2,996 1,237 8,691
1977 5,110 155 23 183 2,166 2,256 2,257 1,053 13,207
1978 10,427 444 7 204 4517 1,154 2,546 2,274 21,571
1979 13,881 220 35 509 2,655 1,250 4,558 2,429 25,537
1980 11,327 140 40 671 1,531 1,392 2,521 1,953 19,574
1981 25,422 313 29 277 1,777 754 2,129 2,653 33,353
1982 19,234 206 20 512 864 1,777 1,667 1,709 25,984
1983 14,774 87 8 130 2,028 356 972 1,117 19,471
1984 4,433 57 22 85 1,874 587 2,234 869 10,161
1985 4,154 38 9 67 1,850 1,817 2,562 1,175 11,679
1986 7412 30 14 72 1,467 1,086 2,914 719 13,714
1987 8,653 30 33 181 880 1,565 2,198 444 13,984
1988 3,583 22 51 30 106 1,124 907 843 494 7,163
1989 6,077 113 37 32 172 903 754 748 283 9,119
1990 2,834 155 42 27 267 1,250 536 716 455 6,287
1991 4,336 5472 48 20 170 2,069 286 1,485 650 14,531
1992 4,255 2,907 85 16 428 915 166 1,208 1,081 11,06
1993 5,156 1,444 145 10 667 546 129 848 365 9,310
1994 7,345 786 238 20 968 4,111 162 1,158 398 15,18¢
1995 5334 13,575 107 10 571 4,778 270 1,859 584 27,090
1996 5,540 2,104 123 9 778 3,640 94 1,149 570 14,009
1997 6,137 7,015 142 12 1,158 2,740 34 803 811 18,857
1998 2,715 2,676 169 10 1,086 2,876 85 874 700 11,191
1999 11,619 4,554 127 17 1,030 3,440 35 1,097 709 22,629
2000 8,193 8,293 121 7 832 5,217 102 1,125 689 24,571
2001 3,139 4,481 63 6 728 3,466 180 1,366 782 14,217
2002 3,922 4,981 47 5 794 2,607 99 1,100 631 14,184
2003 956 4,812 85 12 1,152 2,060 44 839 444 10,407
2004 4,934 3,323 231 9 1,616 2,445 132 896 514 14,094
2005 4,034 8,783 107 14 1,818 3,633 549 2,182 548 21,664
2006 3,644 5,236 63 11 1,058 1,860 108 1421 77 14,174
2007 2,965 3,875 83 8 1,679 2,823 236 1,503 657] 13,824
2008 3,029 7,192 19 8 1,371 2,377 64 2,358 770 17,184
2009 2,127 5,950 8 7 1,072 2,003 50 2,236 575 14,024
2010 1,122 2,620 5 6 885 1,583 83 1,603 495 8,401
2011 2,227 6,113 9 11 828 1,820 63 1,651 283 13,004
2012 1,043 1,419 6 8 667 570 113 1,932 343 6,101
2013 2,008 763 7 7 T 904 8 1,415 529 6,419
2014 2,250 3,206 11 4 672 1,023 5 1,907 499 9,571
2015 2,759 886 12 4 607 413 8 1,242 432 6,361
2016 3,267 1,828 13 4 644 778 44 1,227 508 8,314
2017 3,341 1,199 21 0 880 603 86 2,255 665 9,049
2018 3,225 825 19 0 679 372 8 645 431 6,204
0

1 Part of Japanese catch is estimated by the WG from best available source for the stock assessment use.
2 Japanese troll catch since 1998 includes catch for farming.
3 Catch of most recent year is provisional.
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Tabl2. 3 Cont.
Korea (KR} Taiwan (TW)
Calendal 5
Year | pyrse Seine Setnet Troll Traw! Sub Longline Purse Seine D|§tant Others Sub Total
Total Driftnet

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965 54 54
1966 0
1967 53 53
1968 33 33
1969 23 23
1970 0]
1971 1 1
1972 14 14
1973 33 33
1974 47 15| 62|
1975 61 5] 66
1976 17 2 19
1977 131 2 133
1978 66 2 68
1979 58 58
1980 114 5] 119
1981 179 179
1982 31 31 207 2 209
1983 13 13 175 9 2 184
1984 4 4 477 5 8| 490
1985 1 1 210 80 11 301
1986 344 344 70 16 13 99
1987 89 89 365 21 14 400
1988 32 32 108 197 37 25 367
1989 71 71 205 259 51 3| 519
1990 132 132 189 149 299 16| 653
1991 265 265 342 107 12| 461
1992 288 288 464 73 3 5 545
1993 40 40| 471 1 3| 475
1994 50 50 559 559
1995 821 821 335 2 337
1996 102 102 956 956
1997 1,054 1,054 1,814 1,814
1998 188 189 1,910 1,914
1999 256 254 3,089 3,089
2000 2,401 0| 2,401 2,780 2 2,783
2001 1,176 10 1,186 1,839 4 1,849
2002 932 1 933 1,523 4 1,527
2003 2,601 0| 2,601 1,863 21 1,884
2004 773 0| 773 1,714 3| 1,717
2005 1,318 9 1,327 1,368 2 1,370
2006 1,012 3 1,015 1,149 1 1,15(
2007 1,281 4 1,284 1,401 10| 1,411
2008 1,866 10 1,874 979 2 981
2009 936 4 940 877 11 889
2010 1,196 16 1,213 373 29 402
2011 670 0 14 684 292 16| 308
2012 1,421 1 2 1,424 210 2 212
2013 604 1 0 0| 605 331 2 333
2014 1,305 6 0 0| 1,311 483 38 521
2015 676 1 0 0] 677 552 25| 577
2016 1,024 3 0 2 1,029 454 0 454
2017 734 3 0 6| 743 415 0 415
2018 523 7 0 5] 539 381 0] 381

4 Catch statistics of Korea derived from Japanese Import statistics for 1982-1999.
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Tabl2 3Cont.
United States (US) Mexico (MX) Out of ISC members
Calendar Sub -
Year | pyrse Seine  Others Sport Sub Total Purse Others Sub Total total New Zealanq ~ Australla | Grand Total
Seine 6 7
(N2) (AU)
1952 2,076 2| 2,078 2,074 19,174
1953 4,433 48 4,481 4,481 20,117
1954 9,537 11 9,544 9,544 28,574
1955 6,173 93] 6,264 6,264 32,004
1956 5,727 388 6,115 6,115 40,389
1957 9,215 73 9,284 9,284 36,59(
1958 13,934 10 13,944 13,944 28,61(
1959 3,506 56 13 3,575 171 32 203 3,779 20,539
1960 4,547 0 1 4,544 4,544 26,079
1961 7,989 16 23] 8,024 130 130 8,158 31,234
1962 10,769 0 25| 10,794 294 294 11,089 33,194
1963 11,832 28 7 11,867 412 412 12,28( 35,481
1964 9,047 39 7 9,093 131 131 9,224 28,631
1965 6,523 77 1 6,601 289 289 6,89( 27,224
1966 15,450 12 20| 15,482 435 435 15,918 31,161
1967 5,517 0 32 5,549 371 371 5,92( 20,744
1968 5,773 8 12 5,794 195 195 5,989 21,629
1969 6,657 9 15 6,681 260 260 6,940 16,419
1970 3,873 0 19 3,897 92 92 3,983 11,434
1971 7,804 0 8| 7,817 555 555 8,367 17,144
1972 11,656 45 15 11,716 1,646 1,644 13,364 21,214
1973 9,639 21 54 9,714 1,084 1,084 10,798 19,619
1974 5,243 30 58 5,331 344 344 5,674 20,684
1975 7,353 84 34 7471 2,145 2,145 9,614 20,944
1976 8,652 25 21 8,694 1,968 1,964 10,66 19,381
1977 3,259 13 19 3,291 2,186 2,184 547 18,811
1978 4,663 6 5| 4,674 545 545 5,21 26,869
1979 5,889 6 11 5,904 213 213 6,11 31,714
1980 2,327 24 7| 2,354 582 582 2,94 22,634
1981 867 14 9 891 218 218 1,10 34,641
1982 2,639 2 11 2,653 506 504 3,15 29,381
1983 629 11 33 673 214 214 88 20,557
1984 673 29 49 751 166 166 91 11,579
1985 3,320 28 89 3,431 676 674 4,11 16,084
1986 4,851 57 12 4,920 189 189 5,10 19,264
1987 861 20 34 91§ 119 119 1,03 15,507
1988 923 50 6| 979 447 1 448 1,42 8,989
1989 1,046 21 112 1,180 57 57| 1,23 10,949
1990 1,380 92 65| 1,537 50 50| 1,58 8,653
1991 410 6 92| 509 9 9 51 2 15,781
1992 1,928 61 110 2,099 0 0| 2,09 0 13,994
1993 580 103 283 964 96! 6 0| 10,797
1994 906 59 56| 1,021 63 2 65| 1,08 2 1 16,884
1995 657 49 244 951 11 11 96! 2 1 29,219
1996 4,639 70 40 4,749 3,700 3,700 8,44 4 23,519
1997 2,240 133 131 2,504 367 367 2,87 14 1] 24,607
1998 1,771 281 422 2,474 1 0| 1 247 20 3 15,787
1999 184 184 408 774 2,369 35| 2,404 3,18 21 5| 29,174
2000 693 61 319 1,073 3,019 99 3,114 4,19 21 8| 33,98(
2001 292 48 344 684 863 863 1,54 50 7 18,844
2002 50 12 613 675 1,708 2 1,719 2,38 55 6| 19,093
2003 22 18 355 395 3,211 43| 3,254 3,64 41 12 18,593
2004 11 50] 61 8,880 14 8,894 8,95 67| 10 25,621
2005 201 7 73 281 4,542 4,543 4,82 20 13 29,224
2006 2 94 96| 9,927 9,921 10,02 21 5| 26,397
2007 42 2 12 56| 4,147 4,147 4,20 13 4 20,744
2008 1 63 64 4,392 15| 4,407 4,47 14 3| 24,539
2009 410 6 154 572 3,019 3,019 3,59 16 3| 19,467
2010 1 88 89 7,746 7,744 7,83 10 0| 17,864
2011 118 225 343 2,730 1 2,731 3,07 28 1] 17,099
2012 43 400 443 6,668 1 6,669 7,11 13 1 14,864
2013 11 809 820 3,154 3,154 3,97 24 0| 11,354
2014 401 7 420 829 4,862 4,867 5,691 12| 0| 17,117
2015 86 12 399 498 3,082 3,087 3,58 16| 0| 11,211
2016 316 41 369 724 2,709 2,709 343 18 0 13,244
2017 466 21 450 937 3,643 3,643 4,58 14 0| 14,804
2018 12 50 484 544 2,482 2,483 3,02: 20| o) 10,164

5 US in 1952-1958 contains catch from other countries - primarily Mexico. Other includes catches from gillnet, trol, pole-and-line, and longline.
6 Catches by New Zealand from 1991 to 2006 are derived from the Ministry of Fisheries, Science Group (Compilers) 2006: Report from the Fishery Assessn

7 Catches by Australia are provided by SPC.
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Tabl3 3Quarterly catch @®huRaabf)bchyb hfulaee ta
year f-20318.952

. Number Number
Fshing Weight (mt) (1000 fish) (individual)

year Season| Fleetl Fleetl5
and Fleet2 | Fleet3 | Fleet4 | Fleet5 | Fleet6 | Fleet7 | Fleet8 | Fleet9 | FleetlO | Fleetll | Fleet12| Fleetl3| Fleetl4 | Fleetl7 | Fleet18| Fleetl9 | Fleet 21 and Fleetl6 | Fleet20 | Fleet22| Fleet 25

Fleet 23 Fleet 24
1952 1 1073 0 0 0 4936 0 713 736 0 236 0 0 1951 0 0 0 23 0 0 0 0 0 0
1952 2 132 0 0 0 0 498 505 537 0 170 172 0 24 0 0 0 0 0 0 0 0 0 0
1952 3 145 0 0 0 0 282 796 503 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1952 4 1898 0 0 0 1990 39 907 0 568 17 0 0 0 0 0 0 0 0 0 0 0 0 0
1953 1 764 0 0 0 3580 0 650 371 0 255 0 0 3843 0 0 0 51 0 3 0 0 0 0
1953 2 241 0 0 0 0 1098 706 458 0 186 131 0 590 0 0 0 0 0 1 0 0 0 0
1953 3 263 0 0 0 0 318 609 430 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0
1953 4 1578 0 0 0 1917 44 815 0 1427 107 0 0 2289 0 0 0 0 0 0 0 0 0 0
1954 1 1096 0 0 0 3448 0 744 1109 0 861 0 0 6845 0 0 0 58 0 1 0 0 0 0
1954 2 178 0 0 0 0 1236 923 1032 0 613 219 0 403 0 0 0 0 0 0 0 0 0 0
1954 3 177 0 0 0 0 289 569 612 0 1 0 0 483 0 0 0 0 0 0 0 0 0 0
1954 4 1310 0 0 0 5008 40 761 0 1334 43 0 0 3131 0 0 0 0 0 1 0 0 0 0
1955 1 1172 0 0 0 9008 0 665 788 0 364 0 0 2467 0 0 0 53 0 4 0 0 0 0
1955 2 311 0 0 0 0 1125 862 889 0 260 101 0 93 0 0 0 0 0 0 0 0 0 0
1955 3 124 0 0 0 0 338 813 903 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1955 4 1104 0 0 0 7496 47 1087 0 1180 38 0 0 0 0 0 0 0 0 0 0 0 0 0
1956 1 1521 0 0 0 13483 0 953 636 0 262 0 0 4753 0 0 0 62 0 30 0 0 0 0
1956 2 161 0 0 0 0 1316 1232 1134 0 185 192 0 974 0 0 0 0 0 2 0 0 0 0
1956 3 163 0 0 0 0 459 359 506 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0
1956 4 905 0 0 0 6036 64 481 0 935 98 0 0 141 0 0 0 0 0 0 0 0 0 0
1957 1 566 0 0 0 12111 0 425 558 0 74 0 0 8779 0 0 0 84 0 6 0 0 0 0
1957 2 98 0 0 0 0 1785 545 830 0 25 194 0 296 0 0 0 0 0 0 0 0 0 0
1957 3 135 0 0 0 0 287 468 286 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1957 4 384 0 0 0 3937 40 626 0 394 14 0 0 2635 0 0 0 0 0 0 0 0 0 0
1958 1 113 0 0 0 4650 0 541 189 0 10 0 0 11188 0 0 0 52 0 1 0 0 0 0
1958 2 211 0 0 0 0 1117 709 316 0 4 183 0 112 0 0 0 0 0 0 0 0 0 0
1958 3 371 0 0 0 0 141 117 365 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1958 4 1573 0 0 0 4431 20 157 0 509 39 0 0 1278 0 0 0 0 0 0 0 0 0 0
1959 1 841 0 0 0 5565 0 135 227 0 29 0 0 2487 0 0 0 26 0 1 0 0 0 0
1959 2 916 0 0 0 0 550 178 408 0 10 153 0 0 0 0 0 0 0 0 0 0 0 0
1959 3 642 0 0 0 0 362 120 457 0 0 0 0 103 0 0 0 0 0 0 0 0 0 0
1959 4 4029 0 0 0 3475 50 161 0 562 15 0 0 1492 0 0 0 0 0 0 0 0 0 0
1960 1 706 0 0 0 7066 0 204 302 0 113 0 0 2912 0 0 0 66 0 0 0 0 0 0
1960 2 729 0 0 0 0 1407 182 504 0 80 302 0 40 0 0 0 0 0 0 0 0 0 0
1960 3 781 0 0 0 0 613 133 683 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1960 4 3940 0 0 0 3356 85 177 0 863 16 0 0 1164 0 0 0 0 0 0 0 0 0 0
1961 1 1472 0 0 0 5768 0 170 430 0 12 0 0 6755 0 0 0 112 0 2 0 0 0 0
1961 2 597 0 0 0 0 2383 201 701 0 4 580 0 217 0 0 0 0 0 0 0 0 0 0
1961 3 800 0 0 0 0 323 149 566 0 1 0 0 108 0 0 0 0 0 0 0 0 0 0
1961 4 4331 0 0 0 3981 45 200 0 561 32 0 0 2376 0 0 0 0 0 0 0 0 0 0
1962 1 593 0 0 0 6677 0 176 744 0 71 0 0 8578 0 0 0 59 0 2 0 0 0 0
1962 2 459 0 0 0 0 1256 227 527 0 43 288 0 1 0 0 0 0 0 0 0 0 0 0
1962 3 541 0 0 0 0 488 251 528 0 2 0 0 72 0 0 0 0 0 0 0 0 0 0
1962 4 5130 0 0 0 3485 68 336 0 702 73 0 0 2428 0 0 0 0 0 0 0 0 0 0
1963 1 600 0 0 0 6301 0 305 406 0 240 0 0 9718 0 0 0 89 0 0 0 0 0 0
1963 2 255 0 0 0 0 1897 381 689 0 158 276 0 53 0 0 0 0 0 0 0 0 0 0
1963 3 313 0 0 0 0 534 208 598 0 1 0 0 17 0 0 0 0 0 0 0 0 0 0
1963 4 2321 0 0 0 3175 74 278 0 992 30 0 0 1768 0 0 0 0 0 0 0 0 0 0
1964 1 360 0 0 0 5798 0 246 562 0 49 0 0 7420 0 0 0 97 0 1 0 0 0 0
1964 2 260 0 0 0 0 2078 315 726 0 27 366 0 13 0 0 0 0 0 0 0 0 0 0
1964 3 322 0 0 0 0 377 229 518 0 1 0 0 26 0 0 0 0 0 0 0 0 0 0
1964 4 1945 0 0 0 4024 52 242 0 857 32 0 54 545 0 0 0 0 0 0 0 0 0 0
1965 1 160 0 0 0 7471 0 213 711 0 37 0 0 5400 0 0 0 69 0 0 0 0 0 0
1965 2 336 0 0 0 0 1465 200 690 0 18 313 0 918 0 0 0 0 0 0 0 0 0 0
1965 3 122 0 0 0 0 310 145 299 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0
1965 4 862 0 0 0 3058 43 189 0 382 46 0 0 4873 0 0 0 0 0 0 0 0 0 0
1966 1 285 0 0 0 7025 0 188 161 0 57 0 0 11021 0 0 0 56 0 2 0 0 0 0
1966 2 275 0 0 0 0 1204 133 291 0 29 81 0 2 0 0 0 0 0 0 0 0 0 0
1966 3 218 0 0 0 0 628 285 847 0 2 0 0 16 0 0 0 0 0 0 0 0 0 0
1966 4 387 0 0 0 2376 87 373 0 570 61 0 53 3064 0 0 0 0 0 0 0 0 0 0
1967 1 246 0 0 0 4085 0 330 273 0 84 0 0 2768 0 0 0 114 0 3 0 0 0 0
1967 2 73 0 0 0 0 2443 261 728 0 44 259 0 40 0 0 0 0 0 0 0 0 0 0
1967 3 179 0 0 0 0 301 221 631 0 3 0 0 50 0 0 0 0 0 0 0 0 0 0
1967 4 140 0 0 0 3741 42 307 0 819 130 0 33 789 0 0 0 0 0 0 0 0 0 0
1968 1 135 0 0 0 5527 0 255 456 0 177 0 0 4812 0 0 0 55 0 1 0 0 0 0
1968 2 54 0 0 0 0 1171 206 755 0 93 206 0 325 0 0 0 0 0 0 0 0 0 0
1968 3 75 0 0 0 0 426 160 375 0 3 0 0 11 0 0 0 0 0 0 0 0 0 0
1968 4 661 0 0 0 1176 59 197 0 433 141 0 23 1608 0 0 0 0 0 0 0 0 0 0
1969 1 109 0 0 0 2061 0 184 294 0 319 0 0 5258 0 0 0 78 0 1 0 0 0 0
1969 2 54 0 0 0 0 1656 213 426 0 196 160 0 49 0 0 0 0 0 0 0 0 0 0
1969 3 37 0 0 0 0 230 178 232 0 3 0 0 14 0 0 0 0 0 0 0 0 0 0
1969 4 524 0 0 0 1274 32 204 0 433 140 0 0 1416 0 0 0 0 0 0 0 0 0 0
1970 1 23 0 0 0 1633 0 210 282 0 190 0 0 2534 0 0 0 42 0 1 0 0 0 0
1970 2 35 0 0 0 0 894 194 398 0 99 161 0 2 0 0 0 0 0 1 0 0 0 0
1970 3 181 0 0 0 0 286 234 163 0 4 0 0 31 0 0 0 0 0 0 0 0 0 0
1970 4 505 0 0 0 2835 40 269 0 284 171 0 1 4039 0 0 0 0 0 0 0 0 0 0
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3Cont .

FI NAL

. Number Number
Fihing Weight (mt) (1000 fish) (individual)
year Season| Fleetl Fleetl5
and Fleet2 | Fleet3 | Fleet4 | Fleet5 | Fleet6 | Fleet7 | Fleet8 | Fleet9 | Fleetl0| Fleetll| Fleetl2 | Fleet13 | Fleetl4 | Fleetl7 | Fleetl8| Fleetl9| Fleet 21 and Fleetl6 | Fleet20| Fleet22| Fleet 25
Fleet 23 Fleet 24
1971 1 19 0 0 0 887 0 230 200 0 340 0 0 3349 0 0 0 52 0 1 0 0 0 0
1971 2 43 0 0 0 0 1114 240 261 0 202 212 0 939 0 0 0 0 0 0 0 0 0 0
1971 3 47 0 0 0 0 162 297 199 0 3 0 0 3 ] o] 0 0 0 0 0 0 0 0
1971 4 446 0 0 0 2049 23 78 0 215 111 0 14 2879 0 0 0 0 0 0 0 0 0 0
1972 1 15 0 0 0 2163 0 449 127 0 164 0 0 8861 0 0 0 29 0 1 0 0 0 0
1972 2 31 0 ] 0 0 629 159 233 0 89 124 0 1603 0 0 0 0 0 0 0 0 0 0
1972 3 57 0 0 0 0 405 73 485 0 2 0 0 11 0 0 0 0 0 0 0 0 0 0
1972 4 799 0 0 0 464 56 160 0 501 70 0 33 2043 0 0 0 0 0 2 0 0 0 0
1973 1 21 0 0 0 1803 0 419 359 0 277 0 0 8690 0 0 0 74 0 4 0 0 0 0
1973 2 25 0 0 0 0 1573 183 514 0 186 286 0 0 0 0 0 0 0 0 0 0 0 0
1973 3 30 0 0 0 0 318 450 1313 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 4 1037 0 0 0 416 44 246 0 1403 155 0 47 1227 0 0 0 0 0 0 0 0 0 0
1974 1 105 0 0 0 3690 0 483 865 0 546 0 0 4238 0 0 0 58 0 6 0 0 0 0
1974 2 48 0 0 0 0 1236 363 1424 0 362 368 0 151 0 0 0 0 0 0 0 0 0 0
1974 3 29 0 0 0 0 198 806 287 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1974 4 891 0 0 0 3415 28 132 0 349 73 0 61 3065 0 0 0 0 0 0 0 0 0 0
1975 1 121 0 0 0 1077 0 1096 309 0 605 0 0 5748 0 0 0 36 0 3 0 0 0 0
1975 2 61 0 0 0 0 769 50 378 0 431 132 0 769 0 0 0 0 0 0 0 0 0 0
1975 3 37 0 0 0 0 159 80 231 0 5 0 0 616 0 0 0 0 0 0 0 0 0 0
1975 4 298 0 0 0 1122 22 271 0 430 240 0 17 2283 0 0 0 0 0 0 0 0 0 0
1976 1 54 0 0 0 1026 0 1300 301 0 818 0 0 7250 0 0 0 29 0 2 0 ] 0 0
1976 2 15 0 0 0 0 619 518 431 0 540 152 0 497 0 0 0 0 0 0 0 0 0 0
1976 3 69 0 0 0 0 416 169 320 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0
1976 4 244 0 0 0 4063 58 1338 0 411 108 0 131 2015 0 0 0 0 0 0 0 0 0 0
1977 1 37 0 0 0 1047 0 1258 222 0 485 0 0 3094 0 0 0 76 0 2 0 0 0 0
1977 2 12 0 0 0 0 1617 377 378 0 331 168 0 348 0 0 0 0 0 0 0 0 0 0
1977 3 58 0 0 0 0 867 51 377 0 2 0 0 86 0 0 0 0 0 0 0 0 0 0
1977 4 243 0 0 0 10346 121 426 0 527 107 0 66 704 0 0 0 0 0 0 0 0 0 0
1978 1 340 0 0 3 78 0 2329 282 0 441 0 0 4403 0 0 0 158 0 0 0 0 0 0
1978 2 16 0 0 0 0 3372 380 512 0 298 246 0 21 0 0 0 0 0 0 0 0 0 0
1978 3 55 0 0 0 0 510 454 733 0 2 0 0 11 0 0 0 0 0 0 0 0 0 0
1978 4 580 0 0 0 11145 71 211 0 1011 115 0 58 2331 0 0 0 0 0 0 0 0 0 0
1979 1 104 0 0 0 2736 0 1720 527 0 768 0 0 3539 0 0 0 93 0 1 0 0 0 0
1979 2 24 0 0 0 0 1982 406 861 0 541 888 0 227 0 0 0 0 0 0 0 0 0 0
1979 3 43 0 0 0 0 294 572 363 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0
1979 4 749 0 0 0 6168 41 195 0 379 140 0 114 1435 0 0 0 0 0 0 0 0 0 0
1980 1 20 0 0 0 5159 0 1641 322 0 574 0 0 1439 0 0 0 54 0 1 0 0 0 0
1980 2 41 0 0 0 0 1143 468 353 0 387 474 0 59 0 0 0 0 0 0 0 0 0 0
1980 3 185 0 0 0 0 283 85 406 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1980 4 336 0 0 0 6344 0 115 0 404 54 0 179 356 0 0 0 0 0 0 0 0 0 0
1981 1 56 0 0 1297 17781 0 2382 271 0 352 0 0 742 0 0 0 68 0 0 0 0 0 0
1981 2 41 0 0 0 0 1426 302 393 0 248 523 0 1 0 0 0 0 0 0 0 0 0 0
1981 3 63 0 8 0 0 435 336 277 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0
1981 4 583 0 12 0 5410 53 671 0 341 69 0 207 60 0 0 0 0 0 0 0 0 0 0
1982 1 73 0 6 1615 12209 0 1905 198 0 300 0 0 2682 0 0 0 5 0 1 0 0 0 0
1982 2 20 0 5 0 0 370 444 277 0 204 132 0 406 0 0 0 0 0 0 0 0 0 0
1982 3 38 0 3 0 0 81 31 189 0 1 0 0 91 ] 0 0 0 0 0 0 ] 0 0
1982 4 161 0 5 0 11951 0 107 0 207 35 0 175 8 0 0 0 0 0 0 0 0 0 0
1983 1 8 0 3 570 2262 0 897 143 0 113 0 0 631 0 0 0 21 0 1 0 0 0 0
1983 2 15 0 2 0 0 1925 131 210 0 74 310 0 125 0 0 0 0 0 1 0 0 0 0
1983 3 41 0 1 0 0 287 33 380 0 3 0 0 72 0 0 0 0 0 0 0 0 0 0
1983 4 94 0 2 0 2448 0 116 0 431 138 0 477 144 0 0 0 0 0 0 0 0 0 0
1984 1 20 0 1 807 1184 0 588 311 0 343 0 0 563 0 0 0 28 0 3 0 0 0 0
1984 2 9 0 1 0 0 1558 391 413 0 215 336 0 920 0 0 0 0 0 1 0 0 0 0
1984 3 24 0 0 0 0 538 1011 265 0 3 0 0 62 0 0 0 0 0 0 0 0 0 0
1984 4 74 0 0 0 2897 135 464 0 358 153 0 210 1572 0 0 0 0 0 0 0 0 0 0
1985 1 8 0 0 448 889 0 961 229 0 714 0 0 1264 0 0 0 12 0 5 0 0 0 0
1985 2 8 0 0 0 0 1165 120 352 0 488 447 0 1126 0 0 0 0 0 0 0 0 0 0
1985 3 19 0 84 0 0 224 74 369 0 3 0 0 109 0 0 0 0 0 0 0 0 0 0
1985 4 84 0 130 0 6340 0 460 0 547 118 0 70 428 0 0 0 0 0 0 0 0 0 0
1986 1 8 0 70 16 1072 0 668 375 0 564 0 0 3759 0 0 0 5 0 1 0 0 0 0
1986 2 5 0 60 0 0 1238 212 553 0 387 403 0 801 0 0 0 0 0 0 0 0 0 0
1986 3 20 0 22 0 0 354 1089 274 0 2 0 0 93 0 0 0 0 0 0 0 0 0 0
1986 4 195 0 34 0 4874 15 132 0 299 89 0 365 31 0 0 0 0 0 0 0 0 0 0
1987 1 20 0 18 250 3550 0 519 193 0 612 0 0 813 0 0 0 6 0 1 0 0 0 0
1987 2 9 0 15 0 0 505 98 297 0 432 187 0 63 0 0 0 0 0 1 0 0 0 0
1987 3 19 0 8 0 0 89 146 94 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 4 123 16 12 0 1027 0 357 0 113 45 0 108 221 0 0 0 0 0 0 0 0 0 0
1988 1 35 0 7 742 2010 0 796 87 0 228 0 0 974 0 0 0 15 0 0 0 0 0 0
1988 2 10 0 6 0 0 1020 42 118 0 157 127 0 227 0 0 6 0 0 0 0 0 0 0
1988 3 27 3 17 0 0 259 68 86 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0
1988 4 190 3 27 0 2134 27 356 0 125 24 0 205 0 0 0 0 0 0 0 0 0 0 0
1989 1 20 88 15 580 3623 0 411 81 0 186 0 0 988 0 0 0 88 0 5 0 0 0 0
1989 2 4 0 12 0 0 529 146 114 0 132 110 0 130 0 0 20 0 0 1 0 0 0 0
1989 3 21 0 32 0 0 166 17 165 0 1 0 0 16 0 0 0 0 0 0 0 0 0 0
1989 4 280 5 50 0 360 92 213 0 133 26 0 189 1 0 0 0 0 0 0 0 0 0 0
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Number Number
Fihing Weight (mf) (1000 fish) (individual)
year Season| Fleetl Fleet15
and Fleet2 | Fleet3 | Fleet4 | Fleet5 | Fleet6 | Fleet7 | Fleet8 | Fleet9 | Fleet10| Fleetll | Fleetl2 | Fleetl3 | Fleetl4 | Fleetl7 | Fleetl8| Fleetl9| Fleet 21 and Fleet16 | Fleet20| Fleet22 | Fleet 25
Fleet 23 Fleet 24
1990 1 24 32 27 149 2474 0 830 64 0 90 0 0 1311 0 0 0 3 0 4 0 0 0 0
1990 2 10 0 23 0 0 990 47 179 0 60 199 0 194 0 0 118 0 0 0 0 0 0 0
1990 3 16 99 65 0 0 636 30 421 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1990 4 193 26 100 0 646 161 79 0 288 49 0 342 86 0 0 0 0 0 0 0 0 0 0
1991 1 14 182 54 224 3466 0 429 123 0 146 0 2 334 0 0 0 82 0 5 0 0 0 0
1991 2 14 0 46 0 0 1191 103 363 0 95 414 0 5 0 0 5165 0 0 0 0 0 0 0
1991 3 36 394 71 0 0 274 18 183 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0
1991 4 462 2061 109 0 1677 0 35 0 332 68 0 464 11 0 0 0 0 0 0 0 0 0 0
1992 1 10 255 59 469 2183 0 944 173 0 116 0 0 1650 0 0 0 0 0 8 0 0 0 0
1992 2 20 0 50 0 0 642 65 269 0 66 193 0 328 0 0 198 0 0 0 0 0 0 0
1992 3 15 582 10 0 0 145 12 102 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1992 4 708 751 15 0 1243 34 38 0 280 27 0 471 45 0 0 0 0 0 0 0 0 0 0
1993 1 62 99 8 83 3831 0 204 161 0 32 0 6 525 0 0 0 48 0 10 0 0 0 0
1993 2 37 0 7 0 0 320 36 230 0 16 207 0 113 0 0 12 0 0 0 0 0 0 0
1993 3 42 25 12 0 0 67 0 70 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0
1993 4 1085 562 19 0 2677 15 17 0 481 16 0 559 4 0 0 0 0 0 0 0 0 0 0
1994 1 77 14 10 694 3973 0 206 168 0 36 0 3 967 0 0 0 458 0 2 0 0 0 0
1994 2 22 0 9 0 0 3570 65 356 0 31 272 0 58 0 0 185 0 0 0 0 0 0 0
1994 3 11 406 202 0 0 2475 9 132 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1994 4 616 254 309 0 2040 733 136 0 256 23 0 335 0 0 0 0 0 0 0 0 0 0 0
1995 1 35 4055 168 496 2798 0 143 243 0 213 0 2 716 0 0 0 440 0 16 0 0 0 0
1995 2 25 0 142 0 0 1130 94 788 0 205 476 0 0 0 0 8860 0 0 0 0 0 0 0
1995 3 31 1355 25 0 0 136 5 84 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1995 4 827 140 38 0 3124 57 1 0 253 16 0 956 757 0 0 0 0 0 2 0 0 0 0
1996 1 25 451 21 450 1967 0 90 129 0 142 0 4 7652 0 0 0 256 0 1 0 0 0 0
1996 2 26 0 18 0 0 3191 66 416 0 110 503 0 0 0 0 158 0 0 0 0 0 0 0
1996 3 27 594 259 0 0 846 1 114 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
1996 4 1215 1113 397 0 1402 550 4 0 199 6 0 1814 61 0 0 0 0 0 3 0 0 0 0
1997 1 27 3000 215 708 4027 0 113 165 0 20 0 15 2638 0 0 0 224 0 5 0 0 0 0
1997 2 44 0 183 0 0 1120 25 246 0 53 702 0 41 0 0 2309 0 0 0 0 0 0 0
1997 3 18 559 46 0 0 605 2 158 0 1 0 0 4 0 0 0 0 0 0 0 0 0 0
1997 4 1150 518 71 0 13 515 2 0 131 15 0 1910 8 0 0 0 0 0 1 0 0 0 0
1998 1 53 549 38 326 2376 0 108 114 0 29 0 23 2017 0 0 0 131 0 21 23 0 23 0
1998 2 46 0 33 0 0 1613 64 359 0 68 609 0 24 0 0 1049 0 0 1 0 0 0 0
1998 3 33 686 63 0 0 798 10 317 0 1 0 0 0 0 0 0 0 0 0 0 0 0
1998 4 1076 986 96 0 5592 360 2 0 329 32 0 3089 2280 0 0 0 0 0 1 0 0 0 0
1999 1 25 2228 52 579 5448 0 65 133 0 16 0 26 442 0 0 0 129 0 35 107 0 107 0
1999 2 41 0 44 0 0 2101 17 391 0 46 482 0 49 0 0 653 0 0 1 0 0 0 0
1999 3 39 651 747 0 0 1456 1 168 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2
1999 4 893 2380 1597 0 3403 770 83 0 164 5 0 2780 669 0 0 0 0 0 8 0 0 0 9
2000 1 15 3214 30 747 4042 0 66 154 0 87 0 29 3204 0 0 0 117 0 13 191 0 191 2
2000 2 12 0 27 0 0 2780 6 475 0 72 638 0 0 0 0 2048 0 0 0 0 0 0 0
2000 3 8 898 963 0 0 934 0 358 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
2000 4 749 2914 179 0 981 464 4 0 189 45 0 1834 382 0 5 0 0 0 1 0 0 0 14
2001 1 13 409 9 239 1918 0 167 73 0 174 0 57 821 0 0 0 83 0 21 275 0 275 37
2001 2 26 0 37 0 0 1847 113 293 0 232 683 0 0 0 0 261 0 0 1 0 0 0 1
2001 3 76 62 160 0 0 988 17 113 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2001 4 671 2126 175 0 556 697 51 0 117 6 0 1513 0 275 10 0 0 0 1 0 0 0 2
2002 1 45 959 509 599 2767 0 224 157 0 235 0 61 0 1497 0 0 37 0 31 358 0 358 35
2002 2 56 0 88 0 0 706 24 231 0 251 409 0 0 0 0 1835 0 0 2 0 0 0 3
2002 3 95 99 238 0 0 520 11 84 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2002 4 992 1771 394 0 185 824 34 0 87 54 0 1832 0 590 0 0 0 0 1 0 0 0 1
2003 1 78 783 88 571 200 0 58 96 0 291 0 84 0 2704 0 0 80 0 21 442 0 442 46
2003 2 85 0 1881 0 0 416 6 156 0 71 403 0 0 0 0 2159 0 0 1 0 0 0 0
2003 3 116 38 53 0 0 182 5 109 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0
2003 4 1380 1144 556 0 609 54 15 0 266 47 0 1698 0 3620 0 0 0 0 1 0 0 0 0
2004 1 154 10 59 2100 2225 0 114 136 0 81 0 93 0 5285 0 0 78 0 3 526 0 526 49
2004 2 205 0 105 0 0 1868 94 186 0 68 421 0 0 0 0 2131 0 0 0 0 0 0 1
2004 3 122 586 720 0 0 1173 164 379 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0
2004 4 1602 1888 264 0 264 906 321 0 572 217 0 1287 0 1986 43 0 0 0 0 0 0 0 0
2005 1 106 3280 222 3694 ” 0 171 414 0 137 0 71 0 2764 0 0 293 0 5 454 0 454 4
2005 2 108 0 121 0 0 1034 30 346 0 102 413 0 0 0 0 3029 0 0 0 0 0 0 0
2005 3 81 59 220 0 0 513 68 284 0 7 0 0 0 640 0 0 0 0 0 0 0 0 3
2005 4 873 2412 339 0 940 85 23 0 356 135 0 1078 0 4714 49 0 0 0 5 0 0 0 0
2006 1 115 252 354 2012 692 0 315 148 0 328 0 48 0 4573 0 0 251 0 2 633 0 633 3
2006 2 62 0 102 0 0 695 17 229 0 69 331 0 0 1 0 2513 0 0 0 0 0 0 0
2006 3 61 485 376 0 0 228 32 253 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0
2006 4 1022 1059 13 0 479 70 15 0 270 127 0 1261 0 1424 95 0 0 0 0 0 0 0 0
2007 1 66 363 121 2123 364 0 238 150 0 381 0 58 0 2723 4 0 101 0 1 876 0 876 3
2007 2 71 0 776 0 0 1985 105 314 0 52 1013 0 0 44 0 1968 0 0 0 0 0 0 0
2007 3 99 214 581 0 0 619 12 268 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2
2007 4 802 1610 1003 0 1 220 30 0 844 239 0 784 0 1794 175 0 0 0 1 0 0 0 58
2008 1 33 3007 62 3028 0 0 287 389 0 186 0 35 0 2613 2 0 72 0 10 607 0 607 54
2008 2 40 0 230 0 0 1163 14 455 0 95 797 0 0 1 0 2361 0 0 0 0 0 0 2
2008 3 39 702 518 0 0 868 1 449 0 1 0 0 0 0 0 0 0 0 0 0 0 0
2008 4 662 2177 213 0 1 241 13 0 1031 276 0 625 0 1209 186 0 0 0 1 0 0 0 0
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Number Number
Fehing Weight (mi) (1000 fish) (individua)
year Season | Fleetl Fleetl5
and Fleet2 Fleet3 Fleet4 Fleet5 Fleet6 Fleet7 Fleet8 Fleet9 Fleet10 | Fleetll | Fleetl2 | Fleetl3 | Fleetl4 | Fleetl7 | Fleet18 | Fleetl9 | Fleet 21 and Fleet16 | Fleet20 | Fleet22 | Fleet 25
Fleet 23 Fleet 24
2009 1 26 2891 97 1299 828 0 108 180 0 181 0 82 0 2221 3 0 62 0 12 256 0 256 8
2009 2 23 0 112 0 0 703 43 143 0 106 677 0 0 3 0 181 0 0 0 0 0 0 0
2009 3 35 718 617 0 0 264 0 342 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
2009 4 400 1390 424 0 35 38 36 0 566 264 0 260 0 2447 78 0 0 0 3 0 0 0 12
2010 1 27 123 26 1052 35 0 179 190 0 79 0 45 0 5300 0 0 20 0 4 563 0 563 34
2010 2 10 0 145 0 0 979 44 237 0 9 693 0 0 1 0 388 0 0 1 0 0 0 0
2010 3 25 67 191 0 0 492 29 374 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0
2010 4 372 3058 429 0 0 298 34 0 380 384 0 197 0 451 76 0 0 0 2 0 0 0 0
2011 1 49 611 21 1906 320 0 38 158 0 148 0 48 0 2379 0 0 39 0 29 375 0 375 15
2011 2 32 0 43 0 0 789 22 217 0 36 567 0 0 19 0 2377 0 0 1 0 0 0 0
2011 3 20 9 163 0 0 242 70 360 0 5 0 0 0 1 0 0 0 0 0 0 0 0 0
2011 4 189 530 674 0 3 7 45 0 500 151 0 148 0 1286 50 0 0 0 4 0 0 0 0
2012 1 24 261 559 841 199 0 103 205 0 514 0 26 0 5421 0 0 2 0 35 180 0 180 31
2012 2 13 0 28 0 0 233 0 176 0 54 644 0 0 3 0 620 0 0 1 0 0 0 16
2012 3 28 9 76 0 0 256 2 273 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0
2012 4 237 743 493 0 12 19 6 0 372 170 0 192 0 1368 123 0 0 0 3 0 0 0 0
2013 1 28 10 1 1729 268 0 81 132 0 204 0 40 0 1788 0 0 22 0 57 264 0 264 56
2013 2 15 0 35 0 0 477 3 217 0 82 895 0 0 8 0 2 0 0 5 0 0 0 1
2013 3 9 79 516 0 0 789 0 306 0 2 0 0 0 2 0 0 0 0 0 0 0 0 9
2013 4 311 2459 783 0 0 60 43 0 818 285 0 257 0 4036 216 0 0 0 1 0 0 0 3
2014 1 21 654 6 2203 47 0 125 92 0 231 0 21 0 1228 1 0 40 0 25 61 0 61 111
2014 2 26 0 6 0 0 97 1 107 0 110 679 0 0 2 0 14 0 0 2 0 0 0 117
2014 3 39 246 607 0 0 60 7 76 0 1 0 0 0 1 0 0 0 0| 1 0 0 0 13
2014 4 191 86 5 0 939 18 12 0 388 261 0 308 0 3133 237 0 0 0| 2 0 121 0 41
2015 1 25 27 0 1864 0 0 11 88 0 210 0 26 0 43 0 0 19 0| 25 243 27 243 294
2015 2 47 0 65 0 0 233 6 7 0 167 808 0 0 3 0 7 0 0| 0 0 0 0 5
2015 3 72 1 981 0 0 153 5 116 0 0 0 0 0 0 0 0 0 0| 0 0 0 0 0
2015 4 217 97 33 0 1287 82 5 0 199 283 0 237 0 2716 215 0 0 0| 2 0 267 0 58
2016 1 83 463 6 1772 0 0 8 135 0 183 0 23 0 329 0 0 224 0| 8 261 1 261 245
2016 2 20 0 9 0 0 213 52 254 0 62 769 0 0 16 0 805 0 0| 2 0 0 0 18
2016 3 50 83 738 0 0 178 31 479 0 1 0 0 0 1 0 0 0 0| 0 0 0 0 0
2016 4 358 131 0 0 1620 6 64 0 368 175 0 232 0 3650 172 0 0 0 2 0 219 0 3
2017 1 37 111 3 1691 0 0 32 259 0 518 0 30 0 479 1 0 82 0| 10 164 0 164 316
2017 2 35 0 2 0 0 299 1 109 0 316 1038 0 0 0 0 375 0 219 5 0 0 0 118
2017 3 59 11 530 0 0 81 30 148 0 1 0 0 0 418 0 0 0 0| 1 0 0 0 3
2017 4 354 81 0 0 1571 15 25 0 209 36 0 257 0 2429 115 0 0 171 2 0 245 12 0
2018 1 11 124 0 1536 0 0 5 98 0 37 0 38 0 40 0 0 42 0| 6 218 1 218 374
2018 2 37 0 5 0 0 196 8 110 0 7 529 0 0 18 0 95 0 183 4 0 0 0 74
2018 3 194 8 542 0 0 296 35 233 0 1 0 0 0 2007 0 0 0 80| 0 0 0 0 0
2018 4 423 152 16 0 1567 51 9 0 233 52 0 247 0 7 169 0 0 0| 5 0 232 12 42
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Tabl4e (3aAbundance indices ¢&LPUEJt aockdas nes me bna sTeaudchenlu sf Yorr i Ranct i
CPUE Abund ind A“u!al;k Comwesponding |Corresponding fleet for the Dat ity D ¢ for ref Updat
4 Abundance index _ perio fisheries selectivity setting ata quality ocument for reference ‘pdate
(fishing vear) ;
81 |T tal longline CPUE ft i 1993-2018 TP Longlin Fleet 1 : JPLL Standardized by spatio- ISC/20/PBFWG-1/02 X
apanese coastal longline or spawning seasom. -2 ongline eet 1: temporal GLMM /201 -1/02
S2 |Japanese offshore and distant water longliners CPUE 1952-1973 IP Longline Fleet 1 : JPLL . ISC/12/PBFWG-1/10
Standardized by lognormal
model
S3 |Japanese offshore and distant water longliners CPUE 1974-1992 IP Longline Fleet 1 : JPLL ISC/08/PBFWG-1/05
Japanese troll CPUE in Nagasaki prefecture (Sea of Japan Standardized by lognormal ) o
54 . 1980-2016, 2018 JP Troll Fleet 6 - IP Troll (Seas 2-4) ; ISC/20/PBFWG-1/04 X
and East China sea) model
S5 |Taiwanese longline CPUE (South area) 2002-2018 TW Longline Fleet 12 : TWLL (South) Standardized by GLMM ISC/20/PBFWG-1/03 X
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Tabl4e (3bAbundance i nNlOToeed( CRUE e dtacek assessment mbdehusbsor
orientalis

Available . .
PUE . . fleet for th .
CPU Abundance index period Corr_espo_ndmg Corresponc_img ee_t orthe Data quality Document for reference| Update
# L fisheries selectivity setting
(fishing year)

S6 |Taiwanese longline geo-stat CPUE (South area) 2006-2018 | TW Longine | Fleet12: TWLL (South) | Swandardized by spatio-l o0 opcwc 1/03 X
temporal GLMM

S7 |Taiwanese longline geo-stat CPUE (North area) 2006-2018 TW Longline Fleet 17 : TWLL (North) Standardized by spatio- ISC/20/PBFWG-1/03 X
temporal GLMM

S8 |Taiwanese longline geo-stat CPUE (Whole area) 2006-2018 TW Longline Fleet 12 : TWLL (South) Standardized by spatio- ISC/20/PBFWG-1/03 X
temporal GLMM

S9 |Taiwanese longline GLMM CPUE (North area) 2003-2018 TW Longline Fleet 17 : TWLL (North) | Standardized by GLMM| ISC/20/PBFWG-1/03 X

S10 |Korean Offshore Large scale Purse Seine CPUE 2004-2017 KR Purse Seine Fleet 3: KROLPS Standardized by GLM ISC/19/PBFWG-2/13 X

S11 |Japanese Recruitment monitoring in the East China Spa 2011-2018 JP Troll Fleet 6 : JP Troll (Seas 2-4) Standardized by GLMM| ISC/19/PBFWG-2/12 X

S12 [Japanese Recruitment monitoring in the Pacific Ocean 2011-2018 JP Troll Fleet 19: JP Troll (Seas 1) Standardized by GLMM| ISC/19/PBFWG-2/12 X
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Tablb (3A)Nv.ail abl e abundaPkPaeiifndi réghsuenfnuisU o) n eefn(t
S1, S2, S3, S4, andc &5e waoeelf i ¢hembedros tihre bhal
indicate that dat&® padilntl2 werre raemmavadd.i nQl ces

Fishing JP LL [ 3P Troll | TW LL [ JP Troll Monitoring
year s1 s2 [ s3 | sa | s5 s6 | s7 s8 s9 | su1 s12
1952 0.01

1953 0.01

1954 0.01

1955 0.01

1956 0.01

1957 0.01

1958 0.02

1959 0.03

1960 0.02

1961 0.02

1962 0.02

1963 0.01

1964 0.01

1965 0.01

1966 0.01

1967 0.01

1968 0.01

1969 0.01

1970 0.00

1971 0.00

1972 0.00

1973 0.00

1974 0.00

1975 0.00

1976 0.00

1977 0.00

1978 0.00

1979 0.00

1980 0.00 068

1981 0.00  1.20

1982 0.00 063

1083 0.00 093

1084 0.00 095

1985 0.00  0.89

1986 0.00  1.00

1987 000 073

1088 0.00 084

1989 0.00  0.66

1990 0.00  1.30

1991 0.00  1.35

1992 0.00 059

1993 2.28 0.49

1994 1.69 2.05

1995 2.05 1.12

1996 2.13 1.64

1997 1.94 0.96

1998 1.49 0.84

1999 1.06 1.54

2000 0.77 1.17

2001 0.92 1.17

2002 1.39 076 214

2003 1.41 0.66 222

2004 1.55 132 156 0.92

2005 0.90 145  1.68 1.18

2006 0.99 075 119 127.46 873 237 073

2007 0.61 145 102 6834 1254 147 103

2008 0.36 148 094 4107 1450 101 111

2009 0.22 117 049 2990 610 064 065

2010 0.20 114 043 2167 900 056 077

2011 0.15 099 037 1800 651 044 063 069  1.40
2012 0.31 050 039 2073 910 055 076 068  0.68
2013 0.31 091 063 2883 1492 080 125 119  1.12
2014 0.38 0.43 0.73 30.08 18.10 0.85 1.14 0.34 0.40
2015 0.42 051 071 3661 19.056 101 148 061  0.67
2016 0.65 111 o085 37.47 1528 097 121 142  0.99
2017 0.69 081 5478 864 109 073 206  1.75
2018 1.10 0.64 085 5314 1495 124 141 117 _ 1.4§
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Tablb5 (3RAvial abl e abundance i ndiceBhyrCiPWE)o.nif e Pta
S10 was quarterly index

Ff:;"rg Season| S10 ’ cv
2003 1

2003 2

2003 3

2003 4 1513 0.02
2004 1 0.753 0.02
2004 2 1.078 0.02
2004 3 2.142 0.02
2004 4 1.076 0.02
2005 1 0.698 0.02
2005 2 0.768 0.02
2005 3 0.634 0.02
2005 4 0.752 0.02
2006 1 0.560 0.02
2006 2 0.646 0.02
2006 3 0.677 0.02
2006 4 0.508 0.02
2007 1 0.584 0.02
2007 2 1.114 0.02
2007 3 1131 0.02
2007 4 1.683 0.02
2008 1 0.453 0.02
2008 2 0.913 0.02
2008 3 1.555 0.02
2008 4 1.241 0.02
2009 1 0.724 0.02
2009 2 0.707 0.02
2009 3 0.748 0.02
2009 4 0.857 0.02
2010 1 0.446 0.02
2010 2 0.582 0.02
2010 3 0.801 0.02
2010 4 1.473 0.02
2011 1 0.344 0.02
2011 2 0.557 0.02
2011 3 0.845 0.02
2011 4 2.336 0.02
2012 1 1.812 0.02
2012 2 0.432 0.02
2012 3 0.560 0.02
2012 4 3.650 0.02
2013 1 0.327 0.02
2013 2 0.653 0.02
2013 3 1.256 0.02
2013 4 1.151 0.02
2014 1

2014 2

2014 3 1.075 0.02
2014 4 0.574 0.02
2015 1

2015 2 0.621 0.02
2015 3 0.940 0.02
2015 4 0.699 0.02
2016 1 0.387 0.02
2016 2 0.340 0.02
2016 3 1.614 0.02
2016 4

2017 1

2017 2

2017 3 3.011 0.02
2017 4

2018 1

2018 2

2018 3

2018 4
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Tabl6e. 3Characteristics of the size composBIltuefoinmha{nar uss e d
orientalis

Fleet # Fleet name C-atch-_at-siz.e Ir.?ata Size dara included Available period (Fishing year) Source of sample size Update
(Size bin definition) Component 1 Component 2
Fleetl JPLL Length bin JPLL (Season 4) 1952-1968, 1993-2018 Scaled Number of fish measured X
Fleet?* JPSPPS (Seasl, 3, 4) Length bin JPSPPS (Season 1, 3, 4) 2002-2018 Number of landing well measured X
Fleet3! KROLPS Length bin KROLPS 2010-2018 Number of trip or set well measured /. X
Fleet4 TPSJS Length bin JP TPSJS 1987-1989, 1991-2018 same velue with the last assessmen X
Fleet5 TPSPO Length bin JP TPSPO 1995-2006 and 2014-2018 Number of trip or set well measured /. X
Fleet6 JP Troll (Seas2-4) Length bin JP Troll (Season 2-4) 1994-2018 Total month of well sampled port X
Fleet7? PL Length bin JP Pole-and-Line 1994-1996, 1998-2004, 2006-2010
Fleet8 SetNet (Seasl1-3) Length bin JP Setnet (Season 1-3) 1993-2018 Total month of well sampled port X
Fleetd SetNet (Seas4) Length bin JP Setnet (Season 4) 1993-2018 Total month of well sampled port X
Fleet10® SetNet_HK_AM Weight bin JP Setnet in Hokkaido and Aomori JP Handline & Tsugaru Longline 1994-2018 Total month of well sampled port X
Fleet11® JP Others Weight bin JP Handline & Tsugaru Longline 1994-2018 Total month of well sampled port X
Fleet12 TWLL (South) Length bin TWLL (South area) 1992-2018 Scaled Number of fish measured X
Fleet13 USCOMM (-2001) Length bin US Commercial Fisheries (PS) 1952-1965, 1969-1982 Number of haul well measured
Fleet14 MXCOMM (2002-) Length bin MX Commercial Fisheries (PS) 2005-2006, 2008-2018 Number of haul well measured X
Fleet15* EPOSP Length bin US Recreational Fisheries 2014-2018 Number of trip or set well measured /. X
Fleet16® Troll4Pen Age (age-0 only) JPTroll for farming
Fleet17 TWLL (North) Length bin TWLL (North area) 2009-2018 Scaled Number of fish measured X
Fleet18 JPSPPS (Seas2) Length bin JPSPPS (Season 2) 2012-2018 Number of landing well measured X
Fleet19 JP Troll (Seasl) Length bin JP Troll (Season 1) 1994-2004, 2006;238’ 2011,2012, 201 Total month of well sampled port X
Fleet20 JSSPS for Pen Length bin JSSPS for farming 2016-2018 Number of set well measured /4 X
Fleet21 Un;c\(,:\f)sgt?tljv%%r:)ality Length bin Discard amoﬁL;rr:tefrciJersJPN and KOR
Fleet22 U?:f;gglquumggm Length bin Discard amount for JPN
Fleet23 JPLL (1993-,S3) Length bin JPLL (Season 3) 1993-2018 Scaled Number of fish measured X
Fleet24 EPOSP_early Length bin US Recreational Fisheries 1993-2003, 2005-06, 2008-11
Fleet25 Ur}:cggtgt(icil;}c;;?lity Length bin Discard amot:ir;tréor;us recreational
*1 Size composition data of Fleet 2 and 3 were combined. A selectivity pattern was estimated and shared by those two fleets.
*2 Size composition data of Fleet 7 was not used in the assessment model. The selectivity pattern estimated for Fleet 6 was mirrored.
*3 Size composition data of Fleet 10 and 11 were combined. A selectivity pattern was estimated and shared by those two fleets.
*4 Size composition data of Fleet 15 was not used in the assessment model. The selectivity pattern estimated for Fleet 13 was mirrored.
*5 Fleet 16 was assumed the age based selectivity to catch only age-0 fish. Thus size composition data was not used in the assessment model.
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Tablle. 4Fi skereci fic selectivity ardstehastsoecdkd mantbumede lusfear
Main Ages Priority for | Type of size] . . . Catch in |Length-based contac| Age-based . . X . .
Fleet # Fleet name y A Sampling quali CPUE index o P Time-varyin ocess Time-varying Option
of fish caught size data data pling quality number selectivity availability ying pr ¥ing Opt
. —— Dome-shaped
Fleet 1 JPLL (Seas 4) Spawners in WP(Q High Length Good Yes Low (double normal) - Constant on length-based -
Fleet 2 JSPPS (Seasl_, 3. 4) for Age O fish in WPO| Medium* Length Good - High Dome-shaped Full selection Constant on length-based -
consumption (double normal) at ages 0-1
Fair (opportunistically samplin| e s
L . . L Age-specific Constant on length-based; time-| L
adad - [¢ -
Fleet 3 KROLPS Age 0 fish in WPO| Medium Length was condut?ted for 2004-2009 Med Asymptotic (logistic) (ages 1-4) | varying on ages 1-2 for 2007-201 Deviation
systematically since 2010)
Migratory ages S _ B . . Age-specific Constant on length-based; time-| .
Fleet 4 JPTPSJS (ages 1-5) High Length Very Good High Asymptotic (logistic) (ages 3-9) varying on ages 3-7 for 2000-201 Deviation
. B . . Constant on length-based; time:
Fleet 5 JPTPSPO M I?aramsri;(‘;es M edium* Length FZ‘(;;::: Sozds(;:rz;?i\::e;;:l I;ft - High Asymptotic (logistic) A(Q;ef:spff:::-f(l)c) varying on ages 1, 4-7 for 2004-20! Block
oe (e piing < 2011-2014, 2015-2018
JPTroll L . . Dome-shaped (doubld Full selection
Fleet 6 (Season2-4) Age 0 fish in WPO| High Length Good Yes High normal) at ages 0-2 Constant on length- and age-bas
Fleet 7 JPPL Age 0 fish in WPO| Low Length Bad - Historic Mirror to Fleet 6
Fleet 8 JPSetNet (Seasonl1-3) M g;t;r{_asg);es Low* Length Fair - Med Asymptotic (logistic) A(E{:;spiﬂl)c Constant on length-based;
Fleet 9 JPSetNet (Season4) M |(gar;le£;r)i_:?es Low* Length Fair - Low Asymptotic (logistic) A(g:;zel(flsn;: Constant on length-based;
Migratory ages Age-specific Constant on length-based; Timej
Fleet 10 JPSetNet_HK_AM (ga s i_eg;e M edium* Weight Good - Low Asymptotic (logistic) (g;e :1-6) varying on ages1, 4-5 for 2004-20 Block
g€ 9e 2011-2014, 2015-2018)
Fleet 11 JPOthers M '?;;Z”i_:g)’es M edium** Weight Good - Low Mirror to Fleet 10
Fleet 12 TWLL (South) Spawners in WPQ High* Length Very Good Yes Low Asymptotic (logistic) - Constant on length- and age-bas¢d
Fleet 13 USCOMM (-2001) Migratory ages | 1 o i Length Fair (many samples) - High-historic| Dome-shaped - Timeivarying on Block
(ages 1-5) ot Y P g (double normal) 1954-1981
g Migratory ages - Fair to Good (improvement aft| B . Dome-shaped R Ti mei varying on
Fleet 14 MEXCOMM (2002-) (ages 1-5) High Length 2013 due to the stereo-camer| High (double normal) 2006-2018 Block
Migratory ages Fair (Good samples are availal Dome-shaped Full selection] Ti mei var yi ng on
Fleet 15 EPO Sports (2014-) (ages 1-5) Low Length after 2014) Low (double normal) at ages 0-7 2014-2018 Block
Fleet 16 JPTroll for farming Age 0 fish in WPO| Low - Catch in :vc;f“:lﬂz-o fish are - Med None Fu:ts:geecgon Constant on age-based -
Fleet 17 TWLL (North) Spawners in WP(Q Low* Length Fair - Low ((?oourzleéir;arfneaT) None Constant on length-based -
Migratory ages — ~ B Dome-shaped Age-specific Constant on I e -
Fleet 18 JPSPPS (Season2) (ages 1-5) M ediums Length Good High (double normal) (age 1) varying on age-based for 2004-20 Deviation
Fleet 19 JPTroll (Season1) Age O fish in WPO| Medium* Length Good - High (gsxl’::;‘:ne;) - Constant on length-based -
Good (improvement after 201
Fleet 20 JPSPPS for farming Age 0-1 in WPO M edium* Length due to the stereo-camera); Cay - Med Share to Fleet 2
in # of fish are available
Fleet 21 Discard in WPO (mt) Not Available - NA Mirror to Fleet 8
Fleet 22 Discard in WPO (Num) Not Available - NA Mirror to Fleet 8
Fleet 23 JPLL (Seas 1-3) Migratory ages M edium* Length Good - Low Dome-shaped - Constant on length-based -
(ages 1-7) (double normal)
Fleet 24 EPO Sports (-2013) M Ig;te‘;ri_:?es Low Length Fair - Low Mirror to Fleet 14
Fleet 25 EPO Discard in Num Migratory ages NA - Low Mirror to Fleet 14

(ages 1-5)
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Tabl2 4Harvest scenarios wused in thlehummaijsec't
orientalis

Upper Limit increase in

. Catch limit in the projection
regueste scenarios

Scenario #
WCPO EPO WCPO EPO
Small Large Small Large Small Large Small Large
1 0% 4725 6582 3300
2 0% 4725 6582 3300
3 5% 4960 6909 3465
4 10% 5196 7238 3630
5 15% 5433 7567 3794
6 20% 5669 7897 3960
7 0% 500 500 4725 7081 3800
8 250 250 500 4973 6830 3800
9 0 600 400 4725 7180 3700
10 5% 1300 700 4960 7880 4000
11 10% 1300 700 5196 7880 4000
12 5% 1000 500 4960 7580 3800
13 0 1650 660 4725 8231 3960
14 125 375 550 4848 6955 3850
15 0 0 0 0 0 0
* The numbering of ScenarbgstiheWERFLENENT O Nndo MWGh mse e
* Fishing mortality in scenario 15 was kept at zerc
reference | evel which is theaspgeaeadrhetcr ifd srhe aarg wmalru ead
2004 . I n other scenarios fishing mortality was inc
reference | evel Fishing mortality for -1tlh ea vVEER G gree c
|l evel except for scenario 15.
a

* Thepamese unilateral measure (transferring 250 mt
for | arge PBGE2Q@uri :aigr 00l&dcted in the projections.
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Tablle 5Mean input variances (ntn)p,utmddalf teegt ivraa
vari anceef)f(Nneaard har moreifd Wmeaomgp ocfi ttiloe data co
basase model , where ejfestitvhee sreondpell es seiszte m@e
precision. A hefgh@r meamni bnpdt mdahndi cates a b

observations corresponds to the number of qua
in a fishery.

Fleet Number_ of Mean input N MeaneffN Harmonic
observations after var adj meaneffN
Fleet 1 73 8.2 54.5 26.8
Fleet 2 41 10.5 37.0 15.4
Fleet 3 16 15.2 60.8 32.1
Fleet 4 31 10.6 30.0 14.8
Fleet 5 16 10.4 46.9 38.0
Fleet 6 53 8.7 37.5 16.4
Fleet 7 32 1.0 9.7 6.0
Fleet 8 76 6.5 18.7 12.1
Fleet 9 26 7.0 19.9 13.2
Fleet 10 25 8.6 38.4 15.7
Fleet 11 25 6.7 7.4 6.2
Fleet 12 27 11.0 99.3 36.9
Fleet 13 50 14.5 20.2 6.3
Fleet 14 16 10.1 26.1 17.8
Fleet 15 12 12.2 20.9 12.3
Fleet 16 1 7.2 32.6 32.6
Fleet 17 10 2.8 93.5 67.6
Fleet 18 14 10.6 19.7 10.8
Fleet 19 18 6.4 25.7 10.6
Fleet 20 3 12.6 23.1 135
Fleet 23 26 3.4 27.7 20.2
Fleet 24 25 12.0 11.2 5.3
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Talbe2 5 Ti me series estimates of tot al bi omas:
spawning patmnentdiepll et dammind-bas basmedel for Paci fi
(Thunnus ))orientalis

Spawning Spawning
Total Stock Recruitment  Potential Depletion
Fishing Year Biomass () Biomass () (1,000 fish) Ratio Ratio
1952 134,751 103,502 4,857 11.4% 16.4%
1953 136,428 97,941 20,954 12.7% 15.5%
1954 146,741 87,974 34,813 7.8% 13.9%
1955 156,398 75,360 13,442 11.4% 11.9%
1956 175,824 67,700 33,582 16.1% 10.7%
1957 193,597 76,817 11,690 10.7% 12.1%
1958 201,937 100,683 3,195 19.2% 15.9%
1959 209,300 136,430 7,758 23.2% 21.6%
1960 202,121 144,411 7,731 17.4% 22.8%
1961 193,546 156,302 23,339 3.4% 24.7%
1962 176,618 141,277 10,737 10.8% 22.3%
1963 165,892 120,244 28,112 6.8% 19.0%
1964 154,192 105,870 5,696 6.6% 16.7%
1965 142,548 93,222 10,710 3.0% 14.7%
1966 119,683 89,236 8,680 0.1% 14.1%
1967 105,084 83,208 10,897 1.3% 13.2%
1968 91,408 77,466 14,535 1.2% 12.2%
1969 80,523 64,299 6,484 8.5% 10.2%
1970 74,222 53,961 7,027 3.1% 8.5%
1971 66,114 46,839 12,420 1.0% 7.4%
1972 64,114 40,447 23,552 0.3% 6.4%
1973 63,023 35,273 10,968 5.6% 5.6%
1974 64,885 28,502 13,322 6.3% 4.5%
1975 65,074 26,410 11,252 8.0% 4.2%
1976 64,512 29,274 9,253 2.9% 4.6%
1977 74,670 35,105 25,601 3.7% 5.6%
1978 76,601 32,219 14,037 5.6% 5.1%
1979 73,615 27,093 12,650 7.9% 4.3%
1980 72,809 29,657 6,910 5.2% 4.7%
1981 57,482 27,928 13,340 0.3% 4.4%
1982 40,398 24,240 6,512 0.0% 3.8%
1983 33,210 14,456 10,133 6.1% 2.3%
1984 37,464 12,651 9,184 5.1% 2.0%
1985 39,591 12,817 9,676 2.8% 2.0%
1986 34,349 15,147 8,181 1.1% 2.4%
1987 32,008 13,958 6,026 8.1% 2.2%
1988 38,086 14,931 9,304 11.0% 2.4%
1989 41,849 14,839 4,409 14.4% 2.3%
1990 58,122 18,953 18,096 18.2% 3.0%
1991 69,351 25,294 10,392 9.8% 4.0%
1992 76,228 32,252 3,958 14.8% 5.1%
1993 83,624 43,639 4,450 16.4% 6.9%
1994 97,731 50,277 29,314 13.7% 7.9%
1995 94,279 62,784 16,533 4.8% 9.9%
1996 96,463 61,826 17,787 8.9% 9.8%
1997 90,349 56,393 11,259 5.9% 8.9%
1998 95,977 55,888 16,018 4.0% 8.8%
1999 92,232 51,705 22,842 3.7% 8.2%
2000 76,795 48,936 14,383 1.7% 7.7%
2001 78,052 46,408 17,384 9.7% 7.3%
2002 76,110 44,492 13,761 5.7% 7.0%
2003 68,707 43,806 7,110 2.3% 6.9%
2004 66,433 36,701 27,930 1.4% 5.8%
2005 55,778 30,004 15,256 0.6% 4.7%
2006 43,912 24,089 13,660 1.1% 3.8%
2007 43,765 19,061 23,146 0.4% 3.0%
2008 39,646 14,805 21,265 0.8% 2.3%
2009 35,135 11,422 8,002 1.3% 1.8%
2010 38,053 10,837 18,230 2.4% 1.7%
2011 38,901 12,096 12,574 4.9% 1.9%
2012 41,058 14,578 6,845 7.4% 2.3%
2013 49,383 16,703 12,798 4.7% 2.6%
2014 47,864 18,503 3,783 8.9% 2.9%
2015 52,725 21,014 8,778 10.4% 3.3%
2016 62,069 25,009 16,504 10.5% 4.0%
2017 71,228 25,632 6,663 16.5% 4.1%
2018 82,212 28,228 4,658 15.4% 4.5%
Median (1952-2018) 73,615 35,273 11,259 5.9% 5.6%
Average( 1952-2018) 86,908 49,388 13,199 7.1% 7.8%
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Table 53. Ratios of the estimated fishing mortalities (Fs arsPRs for 20004, 2011

13, 201618) relative to potential fishing mortalityased reference points, and terminal year SSB

(t) for each reference period, and depletion ratios for the terminal year of the reference period for
Pacific bluefin tungThunnus orientalisfrom the base&ase modelFmax Fishing mortality (F)

that maximizes equilibrium yield per recruit (Y/R).4FF at which the slope of the Y/R curve is

10% of the value at its originmkd F corresponding to the inverse of the median of the observed
R/SSB ratio. kwspr F that produces given % of the unfished spawning potential (biomass)

under equilibrium codition.

Reference (1-SPR)/(1-SPRxx%) Est‘imated SSB for De_pletion rate for
iod terminal year of each  terminal year of each
perio Fmax Fo1 Fmeda SPR10% SPR20% SPR30% SPR40% period (ton) period (%)
2002-2004 1.92 2.84 1.14 1.08 1.21 1.38 1.61 36,701 " 5.80
2011-2013 1.54 2.26 0.89 1.05 1.18 1.35 1.57 16,703 2.64
2016-2018 1.14 1.65 0.57 0.95 1.07 1.23 1.43 28,228 4.46
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Tablle. 6 Future projection sceffTahruinonsu sf pamidreatahafliiircs rl awwked b inl ittuyn ao
target Il evels by variousasemeosehedules based on the base

Probability Probability of Probability of Probability of

. . SSB falling Catch falling
of achiving achiving the =, "o below the

Probability of SSB is  The fishing year = The fishing year

Upper Limit increase - ’ ’
below the Initial  expected to achieviexpected to achiev

Scenario # rebuilding target at the initial rebuilding | the 2nd rebuilding | C. vl | second - historical lowsst historical lowest| Median SSB, Median SSB
WCPO EPO 2024 in (?aserg the lov target with >60%g target with >60%? rfat;;gg? r?;;iilg? ?itu?i%t:lle ?iilii?\);t:fle at2024 at2034
Small Large Small Large recuitment continue probability probability 2024 2034 Pfséericot:n Pfsé?i‘;tlfn
1 0% 0% 2020 2026 100% 99% 0% 0% 107,098 286,958
2 0% 0% 2020 2026 100% 99% 0% 0% 104,973 287,020
3 5% 0% 2020 2027 100% 98% 0% 0% 99,968 272,814
4 10% 0% 2020 2027 100% 96% 0% 0% 95,096 258,850
5 15% 0% 2020 2028 99% 94% 0% 0% 90,293 244,959
6 20% 0% 2020 2028 99% 91% 0% 0% 85,618 231,003
7 0% 500 500 0% 2020 2027 100% 98% 0% 0% 99,903 277,396
8 250 250 500 0% 2020 2027 100% 97% 0% 0% 98,164 268,473
9 o0 600 400 0% 2020 2027 100% 98% 0% 0% 100,035 278,004
10 5% 1300 700 0% 2020 2027 99% 96% 0% 0% 92,504 259,802
11 10% 1300 700 0% 2020 2027 99% 95% 0% 0% 89,951 249,996
12 5% 1000 500 0% 2020 2027 100% 97% 0% 0% 94,952 264,218
13 0 1650 660 0% 2020 2027 99% 97% 0% 0% 93,897 267,976
14 125 375 550 0% 2020 2027 100% 98% 0% 0% 98,729 272,323
15 0 0 0 0% 2019 2022 100% 100% 0% 100% 221,391 560,259
The numbering of Scenarios isWEPFLCeNEnNOofnomWGhmeetghgen by the | AT
* Fishing mortalikeptnasceranwnioFl15hwag mortality in scenario 1 is ma
val ues of -sgpueacritfeircl yf iasghei n g2 OmDodr.t all n to/t hdeurr i snage R2a&0r0i2zos f i shi ngembrveal it
catch | imits from the reference |l evel. Fishing madt avierwgtot evbée E
scenario 15. Fi shipnugr sneo rsteail niet yf ifsohrer y Kivé e @ d earsvaeghe b xtce plte ftolre skkZ2Mladr |
* The Japanese unilateral measure (transferring 260ngm2D@DF caschebtipp

in the projections.
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Upper Limit increase

Expected annual yield in 2019, by aree
and size category (t)

Expected annual yield in 2024, by arec Expected annual yield in 2034, by aree

and size category (t)

and size category (t)

scenario # Me:ltiézig ZSB MegitagoiiB WPO EPO WPO EPO WPO EPO
WPO EPO
Small Large Commercial Sport Small Large Commercial Sport Small Large Commercial Sport
Small Large Small Large

1 0% 107,098 286,958 4,396 5,444 3,310 508 4,583 6,739 3,315 800 4,499 6,871 3,321 1,167
2 0% 104,973 287,020 4,396 6,924 3,541 504 4,580 6,771 3,724 799 4,495 6,851 3,746 1,168
3 5% 99,968 272,814 4,614 7,260 3,468 501 4,809 7,101 3,468 767 4,720 7,187 3,465 1,130
4 10% 95,096 258,850 4,833 7,590 3,633 499 5,038 7,433 3,634 737 4,945 7,523 3,630 1,091
5 15% 90,293 244959 5,052 7,914 3,797 496 5,267 7,764 3,798 708 5,171 7,859 3,794 1,053
6 20% 85,618 231,003 5,269 8,223 3,964 494 5,493 8,093 3,963 680 5,394 8,195 3,960 1,014
7 0% 500 500 99,903 277,396 4,396 7,411 3,802 500 4,583 7,269 3,803 781 4,497 7,349 3,800 1,150
8 250 250 500 98,164 268,473 4,640 7,172 3,802 499 4,824 7,017 3,802 756 4,734 7,105 3,800 1,118
9 0 600 400 100,035 278,004 4,396 7,506 3,701 501 4,583 7,370 3,703 783 4,496 7,449 3,699 1,152
10 5% 1300 700 92,504 259,802 4,627 8,153 4,003 497 4,814 8,073 4,005 745 4,723 8,156 4,000 1,107
11 10% 1300 700 89,951 249,996 4,858 8,157 4,003 495 5,042 8,074 4,004 721 4,947 8,163 4,000 1,076
12 5% 1000 500 94,952 264,218 4,627 7,881 3,803 498 4,813 7,773 3,805 753 4,722 7,857 3,800 1,115
13 0 1650 660 93,897 267,976 4,396 8,444 3,963 498 4,587 8,426 3,967 769 4,498 8,501 3,960 1,138
14 125 375 550 98,729 272,323 4,517 7,291 3,852 499 4,703 7,142 3,853 767 4,614 7,226 3,850 1,132
15 0% 0% 0 221,391 560,259 0 0 0 0 0 0 0 0 0 0 0 0

* Catch Iimits for EPO commercial fisheries are applied for the
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